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METHOD FOR INSTALLING OF A WET MATEABLE CONNECTION
ASSEMBLY FOR ELECTRICAL AND/OR OPTICAL CABLES

The pregent inventicn relates to method for installing

of a wel mateable connectbion assembly for underssas
energy applications.

in wparticular tThe prezent 1inventicn especially refers

Lo a wetl

connection assewmbly for =lectrical
and/or cetical cables.
in particular, the present invention especially refers

to a webt mateable comnection assembily for medium and

high wvoltage electrical catbles. Typically, by medium
voltage cables we mean cables suitable for more than 1
kv o and up to about 30 KV, and for hich voltacgs cables
we  mean cables sultable for opesrating above zbout 30
kv,

The oceanic/undersea energy generation is growing at a
fast speed and in this field the technologies used to
generate energy are dominantly “wind mills” but wave
and tidal generators are showing some promising
results.

The wind mills are generally built with fixed bottom
structures and inter array cables are used to go from
one turbine to the next and to the shore.

In order to connect the wind mills or similar apparatus
to an electric network, cables are used wherein the
cable connections may be “dry mate”, i.e. the ends of
the cables coming from the wind mills and of the cables
of the electric network or of intermediate stations are
connected together (i.e. are mated, or unmated, by
means of appropriate connectors) in a dry environment

(e.g on the shore or on a suitable floating vessel or
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ship), to avoid the presence of water at the connector
interface, which may produce partial discharges and the
consequent cable faults in the presence of electrical
field, and subsegquently laid down underwater.

Cable hubs and/or cable substations can be used for
connecting two or more underwater cables of an electric
network. In these cases, and especially in places where
water depths exceed 40 m depth, the dry mating is more
cumbersome because it implies retrieving from
underwater, for example to a ship, a sunken hub or
substation having a significant weight.

In similar c¢ircumstances, the dry mating is often
unpractical and generally economically disadvantageous.
In offshore windmills and other submarine applications,
wet mateable connection assemblies are known.

The wet mateable connection assemblies are configured
to allow the cable connection to be realized directly
undersea.

Known wet mateable connection assemblies utilize two
connectors attached to the relevant cable ends, to be
mated together. As disclosed, for example, by US
6,736,545, such connectors generally comprise a plug
unit containing one or more contact probes and a
receptacle wunit containing an equivalent number of
contacts or Jjunctions for engagement with the contact
probes, which extend into the receptacle unit when the
units are connected to each other. Typically, the
probes enter the container via one or more openings
which are sealed when the connector elements are
separated.

The installation of a wet mateable connection assembly

on the seabed generally comprises:
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- providing on the seabed a first connector case,
connected to a submersed cable;

- providing a second connector case, connected to a
submersible cable, in a position close to the first
connector case,

- moving one of the connector cases 1in order to put in
contact the two connector cases.

The moving step comprises positioning one case in
alignment with the other. This step 1s typically
performed by operators or, when the depth exceeds the
safety requirements, by a remotely operated vehicle
(ROV) .

The Applicant experienced that the use of remotely
operated vehicles suitable for positioning the
connector case 1increases the installation cost of the
connection. In addition, it can be cumbersome and
sometime impossible for a ROV or for operators to
handle a connector case because of the Thostile
environment (water pressure, submarine streams), and
because of the weight of the connector case itself and
of the cable connected thereto. For example, when the
wet mateable connection assembly is for medium or high
voltage cables, a case weight could amount up to 500
kg, and the attached cable has typically a weight of
some tens of kilos per meter.

The Applicant started from the notion that transporting
and positioning a rope capable of bearing the weight of
the submersible case and of the <cable connected
thereto, weighing for example about 100kg for a 100 m
length, is much easier than transporting and
positioning a case of about 350 kg with attached, for

example, 100 m of cable weighing 1500-3000 kg. The use
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of a *“light-weight” tool (the rope) allows the
transport and the correct positioning of a heavy case
which would be otherwise rather cumbersome to move and
manage.

In the above, the present invention is concerned with a
method of installation of a wet mateable connection in
which a submersed first connector case with a cable
attached thereto is laid down on the seabed, and,
thereafter, a rope is anchored to such case to form a
ropeway, effective to <convey a submersible second
connector case and a cable connected thereto to
approach to and to align with the first connector case
for mating.

The submersed connector case 1is provided with a seat
acting as anchoring point of the ropeway and as linking
point for the submersible connector case to Dbe
immersed. The submersible second connector case
comprises a guide handle allowing the connector case to
be suspended to the ropeway and suitable to engage with
a seat of the submersed case and to pivot thereon to
put the second connector case in aligned contact with
the submersed case.

In one aspect, the present invention relates to a
method for installing underwater a wet mateable
connection assembly, the method comprising the steps of
- providing a submerged case having a seat;

- connecting one end of a guiding rope to the seat,
another end being kept over the sea level;

- suspending a submersible case to the guiding rope by
a guide handle;

- causing the submersible case to move along the rope

until the guide handle engages with the seat;

4
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- pivoting the submersible case around the seat up to
contact the submerged case.

The submersible and submerged cases of the wet mateable
connection assembly contain respective first and second
phase connectors mechanically and electrically
connected with an electric or optical or hybrid cable.
The first and second phase connectors are suitable for
establishing a reciprocal electric and mechanic
connection.

The submersible and submerged cases come into contact
by respective first and second coupling ends.
Advantageously, the present method comprises suspending
the submersible case to an auxiliary rope. One end of
the auxiliary rope can be connected to an auxiliary
point of the submersible case, said auxiliary point
being longitudinally spaced from the guide handle;
another end of the auxiliary rope can be substantially
above the sea level. The presence of the auxiliary rope
allows a safer control of the submersible case during
the moving step.

In the following of the present description and claims
the guiding zrope and the auxiliary rope could be
collectively referred to as “ropeway”.

Advantageously, the guiding rope and, optionally, the
auxiliary rope, further sustain the submersible case by
a suspender provided at a point upstream the guide
handle and, optionally, upstream the auxiliary point.
The guide handle have a shape suitable for guiding the
case 1in suspension along the guiding rope, for example
a U or V shape.

A V shape 1s preferred in case 1t 1s desired to

minimize oscillation and to maintalin more centered the
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submersible case while approaching the submerged case,
thus helping the alignment and the connection of the
cases.

The seat of the submerged case preferably protrudes
from the second coupling end in a direction
substantially parallel to the connecting axis.
Preferably, the seat has a U or hook-like shape.

Another aspect of the invention relates to wet mate
connection assembly comprising a submersible and a
submerged case to be mated along a connecting axis,
sald cases having respective first and second coupling
end, the first coupling end having a guide handle
protruding substantially perpendicularly with respect
to the connection axis; and the second coupling end
having a seat.

The characteristics and advantages of a method for
positioning and coupling of a wet mateable connection
assembly under the sea level according to the present
invention will become more apparent from the following
by way of example and non-limiting description, with
reference to the attached schematic drawings wherein:

- Figure 1 1s a perspective view of a wet mateable
connection assembly suitable to be installed according
to the method of the invention;

- Figure 2 schematically shows the submerged case
positioned on the seabed;

- Figure 3 shows an enlarged detail of the connection
between the guiding rope and the seat;

- Figure 4-7 are perspective views of steps of the
method of the invention;

- Figures 8 and 9 show an example of wet mateable

connector installed according to the method of the
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invention.

With reference to the figures, an embodiment of a wet-
mateable connection assembly according to the present
invention is shown with 10.

With reference to figure 1, the wet mateable connection
assembly 10 comprises a submersible watertight case 11
with a submersed cable 1 exiting therefrom and a
submerged watertight case 12 with a cable 2 exiting
therefrom, cases 11 and 12 being mated to each other in
a watertight manner along a common longitudinal
connecting axis A.

Fach case 11, 12 comprises a respective first and
second coupling end 13, 14 which are intended to be
adjoined to each other when the two cases are mated
together as shown in fig. 1. The coupling ends 13, 14
comprise respective substantially c¢ircular apertures
perpendicular to the connection axis A.

The first connection end 13 of the submersible case 11
has a flange 25 having an axial aperture.

The coupling end 13 of the submersible case 11
comprises a guide handle 26 associable with a seat 27
provided on the coupling end 14 of the submerged case
12.

Fach case 11, 12 comprises a respective first and end
137, 14’ opposite to the first and second coupling end
13, 14.

The submersible case 11 comprises a bend stiffener 24
fixed to the opposite end 13’ through an interface
joint (not illustrated), providing a smooth connection
between the rigid submersible case 11 and the cable 1
connected thereto.

According to the method of the invention the submerged

7
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case 12 connected to cable 2 is submerged and put in
position, for example on the seabed, by a crane vessel,
for example.

As from figures 2-6, one end of a guiding rope 40 is
connected to the seat 27 of the submerged case 12. As
from figure 2, the guiding rope 40 can be attached at
one end to the seat 27 at the time the submerged case
12 is laid on the seabed, and its free end is kept
reachable, for example, by means of a buoy 20.
Alternatively, at the time of the connection
installation, one end of the guiding rope 40 is brought
down and attached to the seat 27 by a remotely operated
underwater vehicle (ROV) 21, while the other end of the
guiding rope 40 is kept at the water surface by means
of a buoy 20 or connected to an anchoring element 31 on
an installation vessel 30 (schematically illustrated in
figure 7).

Figure 3 details an example of connection between the
guiding rope 40 and the seat 27 of the submerged case
12. The seat 27 is a hook-shaped element with the arm
29, spaced from the coupling end 14, having a U-shaped
indentation 22. Both the upper ©portions of said
indentation have holes 28 suitable for housing a
bearing element 15, such as a bolt or a pin. A
carabiner 35, advantageously a screw-lock carabiner, is
provided at one end of the guiding rope 40 and 1is
hooked to the bearing element 15, in order to provide a
detachable connection. Alternatively, the guiding rope
40 can be directly tied around the bearing element 15,
when the rope 40 is intended to be permanently left
attached to the submerged casel?.

As from figures, 4-17, the submersible case 11,



WO 2014/125334 PCT/IB2013/051237

10

15

20

25

30

connected to the cable 1, 1is suspended to the guiding
rope 40 by the guide handle 26. The guide handle 26 of
the submersible case 11 slides along the guiding rope
40 connected to the seat 27 until reaching the
submerged case 12.

The guiding rope 40 acts as a guide for the submersible
case 11 until - as shown in figures 5 and 6 - it
reaches a position close the submerged case 12 and the
guide handle 26 engages with the seat 27 without
intervention of any remotely operated vehicle.

An auxiliary rope 40a can be advantageously provided,
having one end connected to an auxiliary point, for
example, at or in the vicinity of the opposite end 137
of the submersible case 11, while the other end is
attached to a capstan of constant tension on the
installation vessel.

A suspender 42 can be provided, for example, at one end
of the bend stiffener 24, to engage one or, preferably,
both the guiding rope 40 and the auxiliary rope 40a,
when the latter is present. Along the cable length more
suspenders similar to 42 are advantageously installed,
for example each 5 to 10 m, to engage the guiding rope
40 to the cable, in order to force the cable to follow
a similar catenary path as the one described by the
guiding rope 40.

Upon engagement of guide handle 26 and seat 27, the
seat 27 acts as pivoting point for the submersible case
11 with respect to the submerged case 12. The pivoting
movement of the submersible case 11 with respect to the
submerged case 12 is shown in figure 6.

At the end of the pivoting movement, the coupling ends

13, 14 get into reciprocal contact and aligned along

9
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the connecting axis A.

During the step of causing the submersible case 11 to
move along the ropeway, the rope 40 1is kept at a
suitable tension load, effective for maintaining the

lower portion of the rope 40 (loaded by the weight of

the submersible case 11) at an angle Owith respect to
the horizontal plane of the seat 27 (substantially
parallel to the seabed) apt to allow submersible case
11 to complete 1its descent movement to the submerged
case 12 and the engagement between guide handle 26 and
seat 27.

As from figure 7, when the submersible case is 1in

position M1, close to the sea 1level, the tension

applied to the rope 40 is such that the angle o is
relatively large, for example, greater than 40°. The
corresponding tension load is, typically, in the range
of some hundreds kilos.

Such wvalue depends on the depth where the submerged
case 12 lies, on the weight of the submersible case 11,
on the weight and length of cable 1 and on the weight
of accessories optionally present such as the bend
stiffener 24. The value of angle o decreases while the
submersible case 11 approaches the submerged case 12,
due to the weight applied to the rope 40. At the moment
of engaging the guide handle 26 with the seat 27 (see
figure 5), the angle o should be at least 20° to allow
salid engaging and the tensile load applied to the rope
40 is adjusted accordingly.

The pivoting step to get the submersible case 11 in
contact with the submerged case 12 is carried out by
releasing the tension on the rope 40. This tension
release makes the first opposite end 137, the bend

10
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stiffener 24 and the cable end connected thereto to
rotate down to a horizontal position, as from figure 7,
position M2, bringing the connecting end 13 of the
submersible case 11 in contact with the corresponding
connecting end 14 on the submerged case 12.

When the sinking of the submersible case 11 starts, the
angle o 1s relatively large, and can amount up to about
90°.

In this case, the submersible case 11 moves vertically
along the rope 40, and substantially the whole weight
of the submersible case 11 and of the relevant cable 1
is applied to cable 1 and to the auxiliary rope 40a,
while the tension applied on the rope 40 is minimal, as
needed to bear the rope weight and to keep it suitably
stable in its position.

In case the installation wvessel 1s far from the
vertical position over the submerged case 12, the rope
40 under its own weight describes a catenary path and
is further displaced from such ideal path by the effect
of the weight of the submersible case 11 during its
descent and the contribution of the tension applied to
the cable 1 and to the auxiliary rope 40a. Preferably,
the angle o is kept higher than 40°.

When the submersible case 11 reaches the submerged case
12, the tension applied on the rope 40 is reduced and
an extra length of rope 40 is paid from the vessel 30
(or the wvessel 30 itself is moved toward the submerged
case 12) to enable the rotation of the submersible case
11 in its final position.

Conveniently, as from figure 5, the second coupling end
14 of the submerged case 12 comprises a plurality of

centering studs 33, preferably conical, suitable to

11
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couple with corresponding stud seats 34 in the first
flange 25, and easing the self-alignment of the
submersible case 11 with respect to the submerged case
12.

Preferably, the second coupling end 14 can further
comprise a 1locking clip 41 positioned to engage the
first flange 25 at its rim. In the case depicted in
figures 1, 5 and 6, the locking c¢lip 41 is in a
position opposite to the seat 27. The locking clip 41
can help to keep the first coupling end 13 fastened to
the second coupling end 14 before the final fixing of
the coupling between the cases 11, 12.

Once the alignment and coupling between cases 11 and 12
has been obtained, the cases 11, 12 are fixed to each
other, for example by bolts, as hereinafter described.
The two aligned cases 11, 12 are fixed to each other to
realize a watertight connection. Such operation can be
made by a remotely operated underwater wvehicle (ROV)
bearing a suitably arranged remotely controlled
operating apparatus (a *“robot” or automated tool), or
by an operator when the laying depth so permits.

When watertight connection has been performed, electric
and/or optical and mechanic connections between the
first and second phase connectors contained,
respectively, into the submersible and submerged case
11, 12 can take place.

As shown in figures 8 and 9, the submersible case 11
has a first gate 18 of and the submerged case 12 has a
second gate 19. The gates 18 and 19 are opened in a
sequence suitable for maintaining the water-tightness
of the assembly 10 and leaving the connecting interface

substantially dry. To this end, preferably gate 18

12
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and/or gate 19 comprise a plurality of sealing rings.
Gate 19 is the first to open.

The submersible case 11 houses first phase connectors
16, supported by a relevant cage 37 arranged inside the
submersible case 11; in the present case, the phase
connectors 16 are coupled to corresponding cable phases
of a three phase cable 1.

The submerged case 12 houses second phase connectors 17
supported by a relevant movable cage 38. The phase
connectors 17 are coupled to respective cable phases of
a three phase cable 2.

The portion of the three phase cable 2 watertightly
housed in the case 12 has a length - for example 1-1.5
m - suitable to enable the movement of the phase
connectors 17 from a distal position to a connecting
position, as explained in detail hereafter.

The first phase connectors 16 are fixed with respect to
the submersible case 11 to face the coupling end 13,
while the second phase connectors 17 are mounted on a
bearing structure 23. The bearing structure 23 - and,
according, the second phase connectors 17 - is mobile
from a distal ©position, where the second phase
connectors 17 are spaced from the coupling end 14, to a
connecting position where the second phase connectors
17 extend through coupling end 14 toward the first
phase connectors 16 so as to connect thereto to
establish the sought electrical and/or optical and
mechanical couplings.

The opening of gate 18, 19 and the moving of the second
phase connectors 17 are remotely operated, for example
by a low voltage power feed line brought by a ROV.

In case of unmating, the above outlined procedure 1is

13
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followed substantially on reverse, by sending a ROV to
the connection 10 for bringing power to the system.

The phase connectors 16, 17 are uncoupled by moving the
bearing structure 23 - and, according, the second phase
connectors 17 - away from the coupling end 14.
Subsequently the gates 18, 19 are closed to re-
establish the water-tightness of the cases 11, 12.

The fixing between the cases 11, 12 1is removed by a
remotely operated underwater vehicle (ROV) bearing a
suitably arranged *“robot or automated tool, or by an
operator when the laying depth so permits.

In the case the guiding rope 40 is not present with the
connection, having been previously detached from the
seat 27 and the guide handle 26, a ROV or an operator
provides for re-establishing the ©rope connection.
Another rope, which can be positioned as the auxiliary
rope 40a was, 1s analogously secured to the submersible
case 11 to act as traction rope. Alternatively, cable 1
itself can perform this traction function.

When the cable is pulled for 1its retrieval, the
vertical component of the applied traction provides for
the disengagement of the handle from the seat.

The present method allows an easy and safe installation
and uninstallation of a wet mateable connection
assembly, even when the latter 1is heavy and/or the
environmental condition are cumbersome. The  ROVs
possibly employed 1in some of the ancillary steps of
this method (e.g. providing 1low voltage electrical
connection to the submersed case, attaching and
detaching the ropeway etc.) are of significantly
smaller dimensions and lower cost than those envisaged

for moving and aligning cases containing  phase

14
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connectors, being required to bear only few tens kilos
loads. For example, suitable ROVs to be employed in the
above ancillary steps of the invention are those
classified in the 1literature as “observation class”,
5 while ROVs for moving cases should fall within the
“special use” class (see for example The Maritime
Fngineering Reference Book, A.F. Molland, Elsevier

Ltd., 2008, page 741).
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CLATIMS
1. Method for underwater installing a wet mateable
connection assembly (10), the method comprising the
steps of
- providing a submerged case (12) having a seat (27);
- connecting one end of a guiding rope (40) to the seat
(27), other end being kept over the sea level;
- appending a submersible case (11) to the guiding rope
(40) by a guide handle (26);
- causing the submersible case (11) to move along the
rope (40) until the guide handle (26) engages with the
seat (27);
- pivoting the submersible case (11) around the seat
(27) up to contact the submerged case (12).
2. Method according to claim 1 wherein the submersible
and submerged cases (11, 12) of the wet mateable
connection assembly (10) contain respective first and
second phase connectors (16, 17) mechanically and
electrically connected with respective electric or
optical or hybrid cable (1, 2).
3. Method according to claim 1 comprising suspending
the submersible case (11) to an auxiliary rope (40a)
before the step of moving the submersible case (11).
4., Method according to claim 3 wherein one end of the
auxiliary rope (40a) is connected to an auxiliary point
of the submersible case (11), said auxiliary point
being longitudinally spaced from the guide handle (26).
5. Method according to <claim 1 or 3 wherein the
guiding rope (40) and, optionally, the auxiliary rope
(40a), sustain the submersible case (11) by a suspender
(42) provided at a point upstream the guide handle
(26) .

16
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6. Method according to claim 1 or 3 wherein along the
cable (1) more suspenders are installed to engage the
guiding rope (40) and, preferably, the auxiliary rope
(40a) to the cable (1).

7. Method according to c¢laim 1 wherein the guide
handle (26) has a V shape.

8. Method according to claim 1 wherein the seat (27)
protrudes from a second coupling end (14) in a
direction substantially parallel to a connecting axis
(A) .

9. Method according to claim 1 wherein the seat (27)
has a U or hook-1like shape.

10. Method according to claim 1 wherein during the step
of causing the submersible case (11) to move along the
rope (40), the rope (40) 1is kept at a tension load
suitable for maintaining the submersible case (11) at
an angle o greater than 20°.

11. Wet mate connection assembly (10) comprising a
submersible and a submerged case (11, 12) to be mated
along a connecting axis (A), said cases (11, 12) having
regspective first and second coupling end (13, 14), the
first coupling end (13) having a guide handle (26)
protruding substantially perpendicularly with respect
to the connecting axis (A); and the second coupling end

(14) having a seat (27).

17
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