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A hydroelectric turbine testing method

Field of the invention

The present invention is concerned with a hydroelectric turbine testing method that permits the
turbine to be tested before being finally deployed onto the seabed, by simulating the tidal flow of

water through the turbine.

Background of the invention

The increased interest in environmental awareness, and a reluctance to rely on non-renewable
sources of energy, has led to greater usage of renewable energy systems, e.g. solar power, wind
power, thermal power, and tidal power. The latter involves the installation of turbine generators in an

area of tidal flow, and converts the energy of the tides into electrical energy.

Such hydroelectric turbine generators are positioned in an area of tidal flow, such that the motion of
the seawater through the generator acts on blades, resulting in rotation of a rotor within a stator. The
motion of the magnets relative to the coils of the stator causes the magnetic field generated by the
magnets to induce an EMF in each of the coils. These induced EMFs provide the electrical power

output from the turbine generator.

Harnessing tidal energy presents significant challenges with respect to maintenance of the turbine in
order to ensure continuing and efficient operation in the harsh submarine environment. The
installation and decommissioning of submarine turbine generators is relatively expensive, and it is

not economic to carry out regular maintenance on the various components in the system.

In addition, in order to be economically viable these turbines must be built at a large scale. As a
result the turbines and associated bases/supports are large and heavy components, and require
significant lifting and transport equipment in order to achieve deployment. The use of such heavy
lifting equipment is normally a hazardous undertaking, and is rendered even more dangerous when

this equipment is operated at sea.

The installation process is further complicated by a shortage in the market of suitable vessels and

equipment to perform such work and the extreme danger of engaging divers in high tidal flow sites.
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Therefore, it is an object of the invention to provide a method of testing a hydroelectric turbine before
the turbine is installed and secured on the seabed, in order to ensure that the turbine is operating as
expected. This will then reduce the likelihood of having to unexpectedly retrieve the hydroelectric
turbine from the seabed in the event of a fault occurring, which as stated above is a costly, time

consuming, and technically challenging operation.

Summary of the invention

According to the present invention there is provided a method of testing a hydroelectric turbine
comprising a stator and a rotor housed for rotation within the stator, the method comprising the steps
of:

securing the turbine to a transport vessel,

transporting the turbine and vessel to open water;

locating the turbine such that at least the rotor is submerged,;

and displacing the transport vessel and turbine through the water in order to effect rotation of the
rotor.

Preferably, the method comprises the step of securing the turbine beneath the transport vessel prior

to transporting the turbine to open water.

Preferably, the method comprises the step of lowering the turbine away from the vessel prior to the

step of displacing the vessel and turbine through the water.

Preferably, the method comprises the step of recording and/or analysing operational data from the
turbine as the vessel and turbine are displaced through the water.

Preferably, the method comprises the step of wirelessly transmitting the operational data from the

turbine to a data recorder/analyser.

Preferably, the method comprises the step of varying the velocity at which the turbine is towed

through the water.

Preferably, the method comprises, in the step of varying the velocity, varying the velocity to simulate

the variation in tidal velocity likely to be experienced by the turbine during use.

Preferably, the method comprises, in the step of displacing the turbine through the water, displacing
the turbine through the water in a first direction and subsequently displacing the turbine through the

water in a second direction opposite to the first direction.
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Preferably, the method comprises, in the step of displacing the transport vessel and turbine through
the water in order to effect rotation of the rotor, displacing the vessel and turbine without an electrical

load connected to the turbine.

Preferably, the method comprises, in the step of displacing the transport vessel and turbine through
the water in order to effect rotation of the rotor, displacing the vessel and turbine with an electrical

load connected to the turbine.

Preferably, the method comprises the step of analysing the operational data to determine the
relationship between the velocity of the water flow through the turbine and one or more operating

parameters of the turbine.

Preferably, the method comprises the step of analysing the operational data to determine the
relationship between the velocity of the water flow through the turbine and the angular velocity of the

rotor.

Preferably, the method comprises the step of analysing the operational data to determine the
relationship between the velocity of the water flow through the turbine and the power generated by

the turbine.

Preferably, the method comprises the step of analysing the operational data to determine the
relationship between the velocity of the water flow through the turbine and the electrical
characteristics of the turbine.

Preferably, the method comprises the step of securing the turbine and base to the vessel with a

plurality of main lines and corresponding secondary lines.

Brief description of the drawings

Figure 1 illustrates a perspective view of a base mounted hydroelectric turbine suspended beneath a
deployment vessel; and

Figure 2 illustrates a side elevation of the arrangement illustrated in Figure 1.
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Detailed description of the drawings

Referring now to the accompanying drawings, there is described and shown a method for testing a
hydroelectric turbine 10 which, in the embodiment illustrated, is mounted to a base 12 via which, in
use, the turbine 10 is located and secured in position on the seabed in known fashion. The method
of the invention, as will become apparent, allows the hydroelectric turbine 10 to undergo operational
simulation and testing before the turbine 10 is finally deployed on the seabed, thus ensuring that the

turbine 10 is operating as expected before undertaking the final seabed deployment process.

In the embodiment illustrated the base 12 comprises a triangular frame 14 having three legs 16,
although it will be understood from the following description of the method of the invention that the

base 12 is an exemplary embodiment and could be of any other shape and/or configuration.

In order to perform the testing of the turbine 10, the base 12 and turbine 10 are mounted beneath a
vessel 18, which is preferably the same vessel that will be used in the final seabed deployment of the
turbine 10 and base 12. Thus before the testing can commence it is first necessary to install the
turbine 10 and base 12 is position on the vessel 18. This may be achieved in a number of ways,
depending for example on the equipment available locally. It will also be appreciated that the turbine
10 need not be mounted directly beneath the vessel, and could be located in any other suitable
location and/or orientation that will permit the turbine 10 to be positioned in the water for the

purposes of testing as described hereinafter.

The vessel 18 is provided with load bearing means in the form of winches (not shown), each of which
can be used to raise the base 12 into a position beneath the vessel 18 such that the turbine 10
projects through a portal 20 defined between a pair of pontoons 22 and cross members 24 of the
vessel 18. During testing, the base 12 is preferably secured to the vessel 18, at each leg 16, by a
pair of lines, a main line 26 and a tow test backup line 28. The main lines 26 are each wound onto
the respective winch (not shown) and are thus used to lower the turbine 10 and base 12 away from
the vessel 14 to the required depth for testing. The tow test backup lines 28 are preferably
connected between a fixed point on the vessel 18 and a suitable location on the base 12, for
example the respective leg 16, and are of a length such as to be at full extension when the turbine
10 and base 12 are at the correct testing depth. However, the primary load of the turbine 10 and
base 12 is borne by the main lines 26, with a fraction of the load being transferred onto the tow test
backup lines 28. In this way the tow test backup lines 28 will be under tension, and will be fully
extended. Thus in the event of a failure of one or more of the main lines 26, the turbine 10 and base
12 will be supported by the fully extended tow test backup lines 28 and will therefore remain at the
same depth. As the tow test backup lines 28 are already in tension there should be little to no
“bounce back” on the tow test backup lines 28 in the event of failure of one or more of the main lines
26.
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With the base 12 safely secured beneath the vessel 18, the vessel 18 and turbine 10 can be
transported to open water to begin testing. To this end, the vessel 18 may contain its own source of
propulsion, but in the embodiment illustrated is tethered to a tug T as illustrated in Figure 1, which

can then be used to tow the vessel 18 and the turbine 10 out to open water.

Once the vessel 18 is in open water, the winches (not shown) are then used to lower the base 12
and turbine 10 away from the vessel 18, such that the turbine 10 is fully submerged, and preferably a
suitable distance beneath the underside of the vessel 18 in order to reduce or eliminate interference
from turbulence generated by the vessel 18 which might otherwise effect the results obtained. The
turbine 10 is preferably lowered away from the vessel 18 while the vessel 18 is stationary, although it
will of course be understood that the turbine 10 could be lowered while the vessel 18 is in motion.
The tug T can then be used to tow the vessel 18, and therefore the submerged turbine 10, through
the water at a desired speed in order to test the operation of the turbine 10. For example the vessel
18 may be towed through the water at 2 to 3 knots, while the operation of the turbine 10 is
monitored. This speed can be varied to simulate the prevailing conditions at the site at which the
turbine 10 and base 12 will ultimately be deployed.

In addition, during testing the turbine 10 may be displaced through the water in a first direction, while
monitoring various operating parameters, and then displaced through the water in a second direction
opposite to the first direction, in order to simulate the reversal of tidal flow that the turbine 10 will
experience when finally deployed on the seabed. The change from the first direction to the second
direction may be made in a manner which will closely approximate the change in the direction of tidal

flow that the turbine 10 will experience.

During the testing, the turbine 10, and in particular power terminals (not shown) therefore may be left
open circuit, or may be connected to an electrical load in order to allow the turbine 10 to generate
electricity, thereby simulating the final seabed mounted operation of the turbine 10. The electrical

load may be located on the turbine 10, the base 12, vessel 18, or at any other suitable location.

It is thus preferable that telemetry and other operational data, such as electrical
characteristics/power output from the turbine 10, rotational or angular velocity of the rotor of the
turbine 10, etc are analysed and/or recorded as the vessel 18 and turbine 10 are displaced through
the water. The vessel 18 may therefore be provided with suitable equipment to permit this
monitoring/recording of the operational data. A data connection is therefore provided between the
turbine 10 and/or base 12 and said analysing/recording equipment. This data connection may be via

a physical cable 30 or through a wireless connection such as subsea acoustic modem (not shown).
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Thus by displacing the turbine 10 through the water it is possible to simulate the tidal flow of water
through the turbine 10, and at various speeds such as to simulate the variation in tidal speeds that
will be experienced by the turbine 10 under normal operating conditions. The testing can thus
provide useful information such as the start up speed of the turbine 10, the power generation at
various water velocities through the turbine 10, and the stopping speed/time of the turbine 10 when
the vessel 18 is brought to a standstill. It is then possible to analyse this data in order to determine
the relationship between the velocity of the water flow through the turbine 10 and one or more
operating parameters of the turbine 10. The testing may also reveal other issue regarding the
operation of the turbine 10, such as the hydrodynamic behaviour of the water flowing through and
about the turbine 10, which information may be beneficial, whether during the final deployment and

continuing operation of the turbine 10, or for other purposes.

It will thus be appreciated that the method of the present invention provides a means of testing large

hydroelectric turbines 10 before committing to a full seabed installation.



10

15

20

25

30

35

WO 2012/085200 PCT/EP2011/073788

Claims

1. A method of testing a hydroelectric turbine comprising a stator and a rotor housed for
rotation within the stator, the method comprising the steps of:

securing the turbine to a transport vessel,

transporting the turbine and vessel to open water;

locating the turbine such that at least the rotor is submerged,;

and displacing the transport vessel and turbine through the water in order to effect rotation of the
rotor.

2. A method according to claim 1 comprising the step of securing the turbine beneath the

transport vessel prior to transporting the turbine to open water.

3. A method according to claim 1 or 2 comprising the step of lowering the turbine away from

the vessel prior to the step of displacing the vessel and turbine through the water.

4, A method according to any preceding claim comprising the step of recording and/or
analysing operational data from the turbine as the vessel and turbine are displaced through the

water.

5. A method according to any preceding claim comprising the step of wirelessly transmitting the

operational data from the turbine to a data recorder/analyser.

6. A method according to any preceding claim comprising the step of varying the velocity at
which the turbine is towed through the water.

7. A method according to claim 6 comprising, in the step of varying the velocity, varying the

velocity to simulate the variation in tidal velocity likely to be experienced by the turbine during use.

8. A method according to any preceding claim comprising, in the step of displacing the turbine
through the water, displacing the turbine through the water in a first direction and subsequently
displacing the turbine through the water in a second direction opposite to the first direction.

9. A method according to any preceding claim comprising, in the step of displacing the
transport vessel and turbine through the water in order to effect rotation of the rotor, displacing the

vessel and turbine without an electrical load connected to the turbine.
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10. A method according to any of claims 1 to 8 comprising, in the step of displacing the transport

vessel and turbine through the water in order to effect rotation of the rotor, displacing the vessel and
turbine with an electrical load connected to the turbine.

11. A method according to any of claims 4 to 10 comprising the step of analysing the operational
data to determine the relationship between the velocity of the water flow through the turbine and one
or more operating parameters of the turbine.

12. A method according to any of claims 4 to 10 comprising the step of analysing the operational
data to determine the relationship between the velocity of the water flow through the turbine and the
angular velocity of the rotor.

13. A method according to any of claims 4 to 10 comprising the step of analysing the operational
data to determine the relationship between the velocity of the water flow through the turbine and the
power generated by the turbine.

14. A method according to any of claims 4 to 10 comprising the step of analysing the operational
data to determine the relationship between the velocity of the water flow through the turbine and the
electrical characteristics of the turbine.

15. A method according to any preceding claim comprising the step of securing the turbine and

base to the vessel with a plurality of main lines and corresponding secondary lines.



