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various applications. The tool can be used for
numerous connections since it is recovered after
each operation.

Abstract:
Renewable energies currently constitute 16% of
global electricity production and this proportion
is projected to increase significantly by 2030.
Ocean energy should play a role in this trend,
with tidal-stream energy conversion systems
reaching technical maturity. The transmission of
the electrical power produced by these devices is
a linchpin of the technology: suitable connectors
are needed to transfer the energy produced insitu. No off-the-shelf wet-mate connector
perfectly meets the specifications of such
applications, while dry-mate connectors require
that the device be raised to the surface to carry
out the connection. POWERMATE is an
innovative concept in wet-mate connection that
meets the electric and installation requirements
of the systems described above. Its patented
design consists of an underwater tool that is used
to connect standard dry inserts in a removable
oil chamber. Existing wet-mate connectors are
expensive and, due to their sophisticated
mechanisms,
have
high
failure
rates.
POWERMATE consists of a recoverable tool
that supersedes most functions. The connector
itself is simple, economic and can be adapted to
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1. Introduction:
Future ocean energy systems, such as tidal-stream
or wave energy converters and potentially off-shore
wind farms, will require high-current/high-voltage
connectors to operate the transfer of the produced
energy to transformer stations. In the case of tidal
generators, two scenarios can be envisaged for
connecting the systems to the power grid: dry-mate
connectors which can be plugged in while the ocean
energy convertor (or the transformer station) is on
the surface, or wet-mate connectors that can be
plugged in once all elements are installed on the
seafloor. Wet-mate connectors have the advantage
of allowing the convertor (or transformer) to be
lifted to the surface without the need to lift the
power cable itself (Fig. 1). For tidal applications in
particular, it may be the case that the cable needs to
be fixed to the seafloor to avoid displacement in the
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marine current. Recovering the convertor (or
transformer) with the cable is thus very costly (the
number of cables to be lifted for the transformer
depends on the number of devices to which it is
connected), requiring sophisticated surface vessels.
Wet-mate connectors avoid the necessity of lifting
all cables with the structure.

Figure 2: Comparison of a drymate versus wetmate
connection architecture in the case of floating wind
generators.

However the costs for wetmate connectors are very
high compared to drymate technology (representing
around 10% of the overall budget for an array).The
objective of the “POWERMATE” research project
is to develop a wet-mate connection system that
overcomes these technical (and financial) issues.
Current wet-mate systems are costly because the
connectors include sophisticated mechanical parts
and sealing mechanisms to enable underwater
electrical connection. Moreover, as the architecture
of such systems is quite complex, they are not easy
to adapt to the power requirements of ocean energy
systems and their failure rate is also rather high.
The current project overcomes these problems with
an innovative concept in wet-mate connectors [2]:
The basic principle behind POWERMATE is to use
a remotely operated tool which assumes most of the
complexities of underwater connections (sealing,
flushing and translation of each connector towards
the other). The architecture of the connectors
themselves is therefore rather simple and the inlet
components can be adapted to various applications
(high-power, high-voltage, hybrid data-power, fibre
optics, etc.). In cost terms, this means that
expensive parts are incorporated in the tool while
the architecture of the connector remains simple.
The tool is recovered after each mission and can
therefore be used for a large number of connections.

Figure 1: Comparison of a drymate versus wetmat
connection architecture in the case of tidal energy
convertors.

Future floating wind farms may also benefit from
the advantages of wetmate connectors: Current
wind farms are installed in water depths above 30m
[1]. However, to reduce the visual impact and
exploit more abundant wind resources in deep
waters it is envisaged to install floating wind
devices in depths below 50m. While the
technological feasibility of floating devices has
been proven, the problem of the power distribution
system has not yet been solved (such a system
would need to be floating or installed subsea).
Wetmate connection architectures could also be
used for the subsea version of the power
distribution system, therefore reducing the cable
length and avoiding the construction of costintensive floating converters (Fig.2).
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The client therefore purchases the (simple and
inexpensive) connectors and hires the tool, as and
when necessary, on a day-rate basis.

The project described hereto was launched in
March 2011 and final sea trials will be completed at
the end of 2012. The project consortium members
are the French-based companies COMEX, CNRSCPPM, EDF and SUBSEATECH. A spin-off
company, POWERSEA SAS, is responsible for the
future manufacture and distribution of the
connection system. The following sections provide
an overview of the system developed and
preliminary electrical tests as well as the installation
procedures, which are based on a scenario that
limits strongly the use of Remotely Operated
Vehicles (ROVs) or diver interventions due to
strong marine currents and poor visibility.

The following figure shows the principles of the
POWERMATE connection (Fig.3):
1) The tool includes a water-tight chamber in
which both connectors are hosted.
2) A dielectric liquid is used to flush the seawater
out of the connection chamber.
3) Once the chamber is free of seawater, the
protection caps on both connectors are
recovered.
4) The connectors are connected together.
5) And the tool is recovered.

2. Requirements for tidal systems
The POWERMATE specifications are based on a
potential application scenario at the Paimpol-Bréhat
tidal farm project [3]. In addition to the project
objective of developing a reliable, economic wetmate connection solution, the end-users required
that a robust system be developed enabling
deployment from a medium-size surface vessel
without the need for diver and/or ROV intervention.
In terms of electrical specifications, POWERMATE
aims to develop two types of wet-mate connectors:




High-Current Version:
3phase 1kV; 800A; 50Hz
option 4 optical fibers & 12 data.
High-Voltage Version:
3phase 24kV; 250A; 50Hz,
option 4 optical fibers & 12 data.

Both the connectors and the tool are rated for 100 m
water depth; however, the connectors pressurecompensated design allows for use at much greater
depths (up to 3000m and more). The development
of a deep water ROV operated tool is also
scheduled in a second phase.
Electrical tests that are planned and/or have been
partly performed include:





Figure 3: Principles of the connection sequence.
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Hydrostatic pressure tests: 10 bar
Electrical Qualifications:
IEC
60502-4
HD 629,1
Functional tests onshore, in test pool and at sea.
Ageing tests on all materials, conforming to
IEC 61238-1 standard.

The tool and the connectors are very compact in
size and weight in comparison to competitor
products with similar performances:
Tool:
l= 2050mm, h=1600mm; w=1200mm;
m= 500kg
Connectors: dia. = 159mm; l = 618mm;
m = 35kg per connector

While its key functionality is to connect the
connectors, the tool also incorporates additional
functions such as cable pulling in, removal and
recovery of protection caps (used to protect the
connectors against bio-fouling), recovery of the free
(unmated) connector after disconnection and
monitoring of connection operations. The tool is
designed to perform multiple connections without
recovery to the surface. Fig. 4 shows the overall
dimensions of the tool. It incorporates a winch to
recover the mobile connector (the cable
termination) and an anti-bio-fouling cap handling
and storage system.

Figure 5: Dimensions of the mobile connector (cable
termination) and the base-side connector.

3. Installation procedures
Ocean energy application of wetmate connections
implies hazardous conditions such as strong marine
currents and low visibility. This led POWERMATE
to develop a design that is compatible with a
diverless/ROV-less installation procedure.
This section provides an overview of the
connection procedure that will be tested on a
prototype tool and connector during the sea trials to
be carried out in late 2012.
Connection of the mobile connector (mounted on
the subsea cable) to the base connector on the
structure begins with the recovery of the cable link
to the mobile connector (Fig. 6). This cable link is
used to position the cable termination closer to the
structure (1-2m range by dynamically positioned
vessel).

Figure 4: Dimensions of the connection tool.

Constant-tension guidelines are then installed on
the structure to lower the tool onto the base
connector (Fig. 7).

The connector design is shown in Fig. 5. One
connection system will be composed of a mobile
connector, which is the cable termination, and a
base-side connector which is installed on the
transformer or the generator. The figure below
shows a potential design of the base structure with
the connector integrated. It functions are to host the
connector and to facilitate the pulling in of the
mobile connector. The funnel-structure shown in
the figure serves as a guide to draw the mobile
connector in to the base connector. This design is to
be integrated in the overall design of the end-user’s
structure.

Once it has been lowered to the seafloor base, the
tool will pull the mobile connector with the cable
toward the base connector using an integrated
winch. When the cable termination reaches the tool,
it will be rotated to match the base orientation (the
connector has three phases) and its bio-fouling
protection caps will be removed. The tool then
connects the two terminations and is retrieved to the
surface vessel for subsequent connections.
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The connector inserts were tested up to 54kV (with
increasing voltage steps of 5kV over a period of 5
minutes) and maintained partial discharges below
5pC. A second variant of the insert reached a
breakdown voltage of 115kV.

Figure 6: Recovery of the mobile connector (with cable).
Figure 9: Test of POWERMATE insert prototype

Tests presently underway indicate that the current
connector configuration will be well adapted for a
24kV version of POWERMATE.
The choice of the dielectric liquid was based on its
isolation capabilities, viscosity, optical transmission
properties and also on its non-toxicity (the liquids
used are biodegradable). The compatibility of the
non-metal materials and their ageing behavior is
being tested at 80°C with candidate liquids and
internal connector components. The aim of these
tests is to determine the swelling characteristics of
parts according to the different dielectric liquids.
The tests are still ongoing, but initial results
enabled narrowing down the choice of liquids.

Figure 7: Installation of the connection tool

5. Further development
As this report is being edited, a full-scale version of
the high-voltage connector is under production. It
will be qualified according to the above standards
and tested in pool and sea trials until the end of
2012.

Figure 8: Recovery of the mobile connector and
connection sequence

The tool is currently at the design review and
fabrication phase; the prototype will be finalised in
autumn 2012 and then undergo further testing
through functional tests onshore, pool tests and sea
trials in depths of around 30m.

4. Electrical tests
The POWERMATE developed connectors will
undergo qualification testing in accordance with
IEC 60502-4 and HD 629,1 standards. Initial
electrical tests performed on the high-voltage
version of the connector indicate the potential to
reach 24kV and possibly even higher.

POWERSEA SAS (www.powersea.eu) will
undertake the commercialization of the connection
system after completion of the research project. The
current business model is based on the sale of the
connectors, with the connection tool being hired out
on a daily basis. Where clients need to perform
large numbers of connections, the sale of the tool
could also be envisaged. A preliminary cost

The first electrical tests were performed by EDF in
May 2012 using three types of dielectric liquids for
the connectors.
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estimation of the connection system described
hereto shows that the POWERMATE solution has
the potential to reduce the cost of future wet-mate
connections for marine energy applications to a
fraction of the cost of classic wet-mate connectors.
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