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(57) A turbine array 2 comprises a plurality of turbines 4 and an electrical machine connected to each of the turbines,
and to an electrical grid. At least one of the electrical machines is a motor-generator which can operate in a motor
mode or a generator mode, and the other electrical machines are at least generators. When a controller 10 detects
a loss-of-grid event it sets the motor-generator to the motor mode, the motor-generator being driven by the
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turbine array is a tidal or tidal stream turbine array.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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A TURBINE ARRAY AND A METHOD OF CONTROLLING A TURBINE ARRAY
DURING A LOSS-OF-GRID EVENT

The present invention relates to a turbine array and a method of controlling the
array during a loss-of-grid event, and particularly but not exclusively, to such an
apparatus and method which prevent overspeeding of the turbines during a loss-of-grid

event.

Background

Tidal power harnesses the natural energy produced by the periodic rise and fall of
the sea. These tides are created by the rotation of the Earth in the presence of the
gravitational fields of the Sun and Moon.

Various methods may be employed to convert the energy of the tides into useful
power. These methods broadly fall into two categories: tidal stream systems and tidal
barrages.

Tidal stream systems operate in a similar manner to wind turbines and usually
consist of a turbine which is rotated by the tidal current.

With a tidal barrage, water is allowed to flow into the area behind the barrage (for
example, an estuary) through sluice gates during the flood tide. At high tide, the sluice
gates are closed. Since the sea level falls during ebb tide, a head of water is created
behind the barrage. Once the head of stored water is of sufficient height, the sluice
gates are opened and the stored water is directed to flow through turbines housed
within the barrage, thus converting the potential energy stored in the water into useful
power.

A tidal barrage is in use on the Rance river in France. The Rance tidal barrage
use 24 turbines, each capable of outputting 10 Megawatts of power. The turbines are
low-head bulb turbines which capture energy from the 8 metre tidal range of the river
using a 22.5 km? basin.

Figure 1 shows a cross-section through a tidal barrage as used on the Rance
river.

The tidal barrage separates an upstream side 102 and a downstream side 104. A
passage is formed through the barrage in which a bulb turbine 106 is positioned. The
flow of water through the passage and turbine 106 is controlled by first and second

turbine gates 108, 110 located at either end of the passage.
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The turbine 106 comprises a generator 112 at an upstream end of the turbine 106.
The generator 112 is positioned centrally in the turbine 106 and water is forced to flow
around the outside of the generator 112 over a set of stationary guide vanes 114 to a
rotor 116. The rotor 116 is rotatably coupled to the generator 112 and comprises a
plurality of blades. The blades of the rotor 116 have a hydrofoil cross-section which
creates torque and rotates the rotor 116 when water flows past the rotor 116. This turns
the generator 112 and thus produces useful power.

The turbines used in the Rance tidal barrage were intended for bidirectional
operation (i.e. dual generation where power is generated on both ebb and flood tides).
However, the low efficiency of the turbines during flood tide has meant that the turbines
have only been used for ebb generation.

An electrical grid transmits the electrical energy from the generator 112 of the
turbine 106 to electricity customers. The electrical grid provides an electrical load to the
turbine 106 and generator 112 which imposes a torque on the rotor 116 of the generator
112. The torque controls the rotation of the rotor 116 and prevents overspeeding.

In the event of a disconnection from the grid (a loss-of-grid event), the grid load is
lost, resulting in a loss of torque on the generator 112. This loss of torque can lead to a
large acceleration of the turbine 106 which is limited only by hydrofoil drag. Such
overspeeding can cause damage to the turbine 106 and generator 112, particularly
bearings, drive train components and the rotor blades themselves, and also to the
surrounding structure.

The turbine gates 108, 110 may be closed to prevent overspeeding of the turbine
106 and generator 112 during a loss-of-grid event. Typically, sluice gates (not shown) in
the barrage are opened to enable water to bypass the turbines 106 and to flow through
the barrage. This prevents the head of water from exceeding the safe working limits of
the barrage and avoids overtopping where the water overturns the barrage structure.

With a dual generation barrage the differential head of water against the barrage
is low enough that entry, through duct and exit losses are substantial and a large
number of turbines are required to provide a highly porous structure in which these
losses are minimised. The high percentage of turbine swept area results in there being
no additional area available for the provision of sluice gates. The barrage is designed
such that structure is capable of withstanding a differential head substantially less than
the full tidal range of the estuary. Accordingly, closure of the gates across each turbine
may result in an unacceptably large head building across the barrage. This head of

water may exceed the safe working limits of the barrage and thus is undesirable.
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An alternative strategy frequently used is to adjust the pitch of the rotor blades, so
as to reduce the speed of the turbines. However, this results in a sudden increase in
flow through the barrage, causing a wave. The wave may proceed up through the
estuary and can impact upon the inland environment. Furthermore, the installation will
not be able to resume generation until the next tidal cycle.

The present invention seeks to provide a turbine array which mitigates against a

loss-of-grid event whilst addressing some or all of the above identified problems.

Statements of Invention

In accordance with an aspect of the invention there is provided a turbine array
comprising: a plurality of turbines; an electrical machine connected to each of the
turbines and to an electrical grid; wherein at least one of the electrical machines is a
motor-generator which can operate in a motor mode or a generator mode, and wherein
the other electrical machines are generators; and a controller for detecting a loss-of-grid
event; wherein the controller sets the motor-generator to the motor mode when a loss-
of-grid event is detected, the motor-generator being driven by the generators and
thereby providing a load to the generators.

The motor-generator may be a generator which is configured to also operate as a
motor.

The motor-generator may comprise a motor which is activated in the motor mode
and a generator which is activated in the generator mode.

The controller may set the motor-generator to the motor mode by adjusting a
blade pitch of the turbine. This allows power to be absorbed by increasing the head of
water.

The turbines may be ganged together in banks, each bank containing at least one
turbine with a motor-generator and at least one turbine with a generator.

Each bank may comprise a transformer which transforms the output of the bank.

The turbine array may further comprise one or more additional transformation
stages comprising a transformer which transforms the output of a pair of transformers.

The turbine array may form a tree structure, and each branch of the tree structure
may be provided with switchgear. Alternatively, only some of the branches may be
provided with switchgear.

The other electrical machines may be motor-generators which can operate in a

motor mode or a generator mode.
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In accordance with another aspect of the invention there is provided a method of
controlling a turbine array during a loss-of-grid event, the turbine array comprising: a
plurality of turbines each connected to an electrical machine; wherein at least one of the
electrical machines is a motor-generator which can operate in a motor mode or a
generator mode, and wherein the other electrical machines are generators; the method
comprising: detecting a loss-of-grid event; setting the motor-generator to the motor
mode; and driving the motor-generator using the generators, thereby providing a load to
the generators.

Setting the motor-generator to the motor mode may comprise adjusting a blade
pitch of the turbine. This allows power to be absorbed by increasing the head of water.

The turbine array may be a tidal or tidal stream turbine array.

Although the turbines and electrical machines may experience a brief increase in
speed caused by the loss-of-grid event, this may be mitigated by the load provided by
the motor-generator operating in motor mode, and thus the speed returns to normal
working speeds.

Once the electrical grid has been restored, the controller may reset the motor-
generator to generator mode, so as to provide useful power to the electrical grid again.

The head across the barrage may therefore be maintained within safe limits by
keeping the turbine gates open. The flow of water through the barrage may be
approximately equivalent to the flow through the barrage under normal operating
conditions. This mode of operation also prevents the production of a large tidal wave
which may progress up the estuary.

The present invention may therefore prevent overtopping and may allow the
installed barrage width to be reduced.

The present invention prevents turbine overspeed without requiring any additional

equipment.

Brief Description of the Drawings

For a better understanding of the present invention and to show more clearly how
it may be carried into effect, reference will now be made, by way of example, to the
accompanying drawings, in which:-

Fig. 1 is a cross-section through a tidal barrage as used on the Rance river
comprising a prior art turbine;

Fig. 2 is a schematic view of a tidal turbine array according to an embodiment of

the invention during normal operating conditions; and
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Fig. 3 is a schematic view of the tidal turbine array during a loss-of-grid event.

Detailed Description

With reference to Fig. 2, a tidal turbine array 2 according to an embodiment of the
invention comprises a plurality of turbines. Each turbine is connected to an electrical
machine. The electrical machines are motor-generators which are dual operation
electrical machines that are capable of operating in either a motor mode or a generator
mode. In the generator mode, the motor-generators are driven by the turbines, whereas
in the motor mode, the motor-generators drive the turbines. The turbine and motor-
generator units are shown schematically in Fig. 2 at 4.

The turbine and motor-generator units 4 are ganged together in banks of, for
example, three units. Each of the banks of turbine and motor-generator units 4 are
connected to a transformer 6. In a second transformation stage, a transformer 6
transforms the outputs of a pair of preceding transformers 6. The tidal turbine array 2
may contain any number of turbines and thus any number of transformation stages.
Accordingly, the turbine and motor-generator units 4 and the transformers 6 form a tree
structure, with a final transformer 6 of the tree structure providing a single output to an
electrical grid. The electrical output of the individual turbines is transformed from an 11
kV generating voltage to the grid voltage of 400 kV via the various transformation
stages.

Each branch of the tree is provided with switchgear 8 which can isolate the turbine
and motor-generator units 4 from the transformers 6, and the transformers 6 from the
transformers 6 of subsequent transformation stages.

The tidal turbine array 2 further comprises a controller 10. As will be described in
further detail below, the controller 10 detects a loss-of-grid event and controls the
operation of the turbine and motor-generator units 4.

Fig. 2 shows the tidal turbine array 2 under normal operating conditions. Here, all
of the turbine and motor-generator units 4 are set to operate in generator mode
(indicated by “G”). The turbine and motor-generator units 4 are driven by the potential
energy of a head of water stored behind a barrage. The tidal turbine array 2 therefore
provides power to the grid.

As shown in Fig. 3, the controller 10 detects a loss-of-grid event and controls the
turbine and motor-generator units 4 to prevent overspeeding of the turbines. This is
achieved by setting at least one motor-generator unit 4 in each bank to operate in a

motor mode (i.e. by reversing the voltage across the motor-generator). Accordingly, the



10

15

20

25

motor-generator operating in motor mode drives the turbine and effectively operates as
a pump (indicated by “P”), opposing the flow of water through the barrage. The power
for the motor-generator operating in motor mode is provided by the other turbine and
motor-generator units 4 in the bank which are operating in generator mode.
Consequently, the motor-generator operating in motor mode provides a load to the other
motor-generators operating in generator mode, and thus prevents them from
overspeeding.

Although the turbine and motor-generator units 4 may experience a brief increase
in speed caused by the loss-of-grid event, this is mitigated by the load provided by the
motor-generator operating in motor mode, and thus the speed returns to normal working
speeds.

The turbines are variable-pitch turbines and thus the controller adjusts the pitch of
the turbine blades in order to adapt the turbines to operate as pumps.

Once the electrical grid has been restored, the controller 10 may reset all of the
motor-generators to generator mode and direct their output through the transformers 6,
so as to provide useful power to the electrical grid again.

The head across the barrage may therefore be maintained within safe limits by
keeping the turbine gates open and adjusting the operation of the turbine and motor-
generator units 4 as described above, such that the flow of water through the barrage is
approximately equivalent to the flow through the barrage under normal operating
conditions. This mode of operation also prevents the production of a large tidal wave
which may progress up the estuary.

Although the tidal turbine array has been described as using motor-generators, it
is only necessary for at least one of the electrical machines to be able to operate as
both a motor and a generator within each bank. The other electrical machines may

operate exclusively as generators.
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Claims

1. Aturbine array comprising:

a plurality of turbines;

an electrical machine connected to each of the turbines and to an electrical grid,;
wherein at least one of the electrical machines is a motor-generator which can operate
in @ motor mode or a generator mode, and wherein the other electrical machines are
generators; and

a controller for detecting a loss-of-grid event;

wherein the controller sets the motor-generator to the motor mode when a loss-of-
grid event is detected, the motor-generator being driven by the generators and thereby
providing a load to the generators.
2. Aturbine array as claimed in claim 1, wherein the motor-generator is a generator
which is configured to also operate as a motor.
3. A turbine array as claimed in claim 1, wherein the motor-generator comprises a
motor which is activated in the motor mode and a generator which is activated in the
generator mode.
4.  Aturbine array as claimed in any preceding claim, wherein the controller sets the
motor-generator to the motor mode by adjusting a blade pitch of the turbine.
5.  Aturbine array as claimed in any preceding claim, wherein the turbines are
ganged together in banks, each bank containing at least one turbine with a motor-
generator and at least one turbine with a generator.
6. Aturbine array as claimed in claim 5, wherein each bank comprises a transformer
which transforms the output of the bank.
7. A turbine array as claimed in claim 6, further comprising one or more additional
transformation stages comprising a transformer which transforms the output of a pair of
transformers.
8.  Aturbine array as claimed in claim 6 or 7, wherein the turbine array forms a tree
structure, each branch of the tree structure being provided with switchgear.
9. A turbine array as claimed in any preceding claim, wherein the other electrical
machines are motor-generators which can operate in a motor mode or a generator
mode.
10. A turbine array as claimed in any preceding claim, wherein the turbine array is a
tidal or tidal stream turbine array.
11. Aturbine array substantially as described herein with reference to and as shown

in the accompanying drawings.
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12. A method of controlling a turbine array during a loss-of-grid event, the turbine
array comprising:

a plurality of turbines each connected to an electrical machine;

wherein at least one of the electrical machines is a motor-generator which can
operate in a motor mode or a generator mode, and wherein the other electrical
machines are generators;

the method comprising:

detecting a loss-of-grid event;

setting the motor-generator to the motor mode; and

driving the motor-generator using the generators, thereby providing a load to the
generators.
13. A method as claimed in claim 12, wherein setting the motor-generator to the motor
mode comprises adjusting a blade pitch of the turbine.
14. A method as claimed in claim 12 or 13, wherein the turbine array is a tidal or tidal
stream turbine array.
15. A method of controlling a turbine array during a loss-of-grid event substantially as

described herein with reference to and as shown in the accompanying drawings.



s7® INTELLECTUAL 9

eeoe® PROPERTY OFFICE

Application No:

Claims searched:

GB1107329.3 Examiner: Alex Swaffer

1-15 Date of search: 31 August 2011

Patents Act 1977: Search Report under Section 17

Documents considered to be relevant:

Category |Relevant | Identity of document and passage or figure of particular relevance
to claims
A - US4804855 A
(Obermeyer): See column 2 lines 26-47 in particular.
A - US6336322 Bl
(Hitachi Ltd): See column 7 lines 55-63 in particular.
Categories:
X Document indicating lack of novelty or inventive A Document indicating technological background and/or state
step of the art.
Y Document indicating lack of inventive step if P Document published on or after the declared priority date but
combined with one or more other documents of before the filing date of this invention.
same category.
& Member of the same patent family E  Patent document published on or after, but with priority date
earlier than, the filing date of this application.
Field of Search:

Search of GB., EP, WO & US patent documents classified in the following areas of the UKC™ :

-

Worldwide search of patent documents classified in the following areas of the IPC

[ FO3B; FO3D j
The following online and other databases have been used in the preparation of this search report
[ EPODOC, WPI ]
International Classification:
Subclass Subgroup Valid From
FO3B 0015/18 01/01/2006
FO3B 0003/10 01/01/2006
FO3B 0013/10 01/01/2006

Intellectual Property Office is an operating name of the Patent Office

www.ipo.gov.uk



	Front Page
	Drawings
	Description
	Claims
	Search Report

