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(57) Abstract: Short circuit safe rectifier stage for a subsea power grid It is described a rectifier stage (251) for converting an input
AC voltage to an output voltage, the rectifier stage comprising: a first AC input terminal (255); a second AC input terminal (257),
wherein the input AC voltage is applicable between the first input terminal and the second input terminal; a first DC output terminal
(267); a second DC output terminal (268); a first thyristor (261) connected between the tirst DC output terminal (267) and the first
AC input terminal (255); a second thyristor (263) connected between the first DC output terminal (267) and the second AC input ter-
minal (257); a gate control circuit (272) adapted and connected to control a first conductance state of the first thyristor (261) and to
control a second conductance state of the second thyristor (263) such that the first thyristor and the second thyristor provide a recti-
fied AC voltage between the first DC output terminal (267) and the second DC output terminal (268) as the output voltage, wherein
the gate control circuit has a current signal input terminal for receiving a current signal indicative of a current flowing from the first
AC input terminal (255) through the first thyristor (261) to the first DC output terminal (267), wherein the control circuit is arranged
and connected to control, based on the current signal, the first conductance state of the first thyristor.



10

15

20

25

30

35

WO 2012/175295 PCT/EP2012/060138

DESCRIPTION

Short circuit safe rectifier stage for a subsea power grid

Field of invention

The present invention relates to a, in particular short cir-
cuit safe, rectifier stage, to an AC-AC converter, to a con-
verter arrangement, to a power supply arrangement, to a sub-
sea power grid and to a method for converting an input AC
voltage to an output voltage. In particular, the rectifier
stage, the AC-AC converter, the converter arrangement, the
power supply arrangement, the subsea power grid, and the
method for converting an input AC voltage to an output volt-
age may be applied for powering a variable speed drive, in
particular located below a sea level, such as in a depth be-
tween 1000 m and 4000 m. The variable speed drive may in turn
be connected to or comprise a pump or to a compressor for

supplying electric energy having varying power.

Background

An o0il or a gas exploration site below the sea level may re-
quire operation of a motor, a pump or a compressor in order
to enable the exploration or conveying operation. In particu-
lar, in an o0il reservoir or in a gas reservoir it may be re-
quired to keep a particular pressure, in order to enable the
conveying of 0il or or gas from the o0il reservoir or gas res-
ervoir. In particular, the pump, compressor or motor may be
required to be operated under varying power consumption, in
order to appropriately adjust e.g. the pressure in the oil
reservoilr or gas reservoir. Therefore, an electrical power
supply is required. In particular, it may be required to de-
liver electrical energy from a topside equipment above the
sea level to the subsea location located e.g. 1000 m to 4000

m below the sea level.



10

15

20

25

30

35

WO 2012/175295 PCT/EP2012/060138

It has however been observed that it may be difficult to sup-
ply electric energy in particular to a variable speed drive

which is located in a great depth below the sea level.

There may be a need for a rectifier stage, an AC-AC con-

verter, a converter arrangement, a power supply arrangement,
a subsea power grid and a method for converting an input AC
voltage to an output voltage, wherein a secure and safe op-
eration may be ensured, in particular for protecting compo-

nents from damage.
The need may be satisfied by the subject-matter of the inde-
pendent claims. Exemplary embodiments are specified in the

dependent claims.

Summary of the Invention

According to an embodiment of the present invention, it is
provided a rectifier stage for converting an input AC voltage
to an output voltage, the rectifier stage comprising: a first
AC input terminal; a second AC input terminal, wherein the
input AC voltage is applicable between the first input termi-
nal and the second input terminal; a first DC output termi-
nal; a second DC output terminal; a first thyristor connected
between the first DC output terminal the first AC input ter-
minal; a second thyristor connected between the first DC out-
put terminal the second AC input terminal; a gate control
circuit adapted and connected to control a first conductance
state of the first thyristor and to control a second conduc-
tance state of the second thyristor such that the first thy-
ristor and the second thyristor provide a rectified AC volt-
age between the first DC output terminal and the second DC
output terminal as the output voltage. Further, the gate con-
trol circuit has a current signal input terminal for receiv-
ing a current signal indicative of a current flowing from the
first AC input terminal through the first thyristor to the

first DC output terminal, wherein the control circuit is ar-
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ranged and connected to control, based on the current signal,

the first conductance state of the first thyristor.

By controlling the first conductance state of the first thy-
ristor, depending on the current signal, the first AC input
terminal may be disconnected from the first DC output termi-
nal such that it is avoided that a current flows from the
first AC input terminal to the first DC output terminal.
Thereby, an effective short circuit power protection may be

provided.

Thereby, in particular a protection method using fuses may be
avoided. In particular, using subsea fuses may not be an ap-
propriate solution for providing short circuit power protec-
tion, since the fuses may be based on a design adapted or de-
signed to be located at atmospheric surroundings (having an
environment pressure of 1 bar). In particular, when the rec-
tifier stage is to be used in a subsea operation a high pres-
sure may prevail and there may be a dielectric fluid exposed
environment for the rectifier stage which may render the us-
age of fuses inappropriate. Therefore, in particular for sub-
sea operations a short circuit power protection method and
arrangement is preferred which does not require fuses. In
particular, the rectifier stage may be a component of a con-
verter arrangement, such as a variable frequency drive, in
particular of a subsea variable frequency drive, which can be
used to supply electric energy to an electric motor for sub-
sea operation. In particular, the rectifier stage may be used
in a converter which has been assembled to a power supply ar-
rangement, also referred to as a cell power supply arrange-
ment comprising a number of power cells. The rectifier stage
can be part of a power cell, with a multilevel converter com-

prising a number of such power cells.

In particular, the rectifier stage may be placed in a pres-
surized dielectric fluid filled environment, in particular

0il filled environment.
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In this environment rotating eguipment, such as motors, may
not be advantageous, because of potential mechanical faults
in moving parts. Thus, a circuit breaker may not be a pre-
ferred solution for the subsea application. In contrast, the
thyristor used in the rectifier stage according to this em-
bodiment of the present invention does not have any mechani-
cal moving parts and does not have the defined open circuit

as a circuit breaker or a fuse.

In particular, the thyristor-based rectifier bridge or recti-
fier stage may advantageously be used for providing a short
circuit protection, by stopping the conductance of the thy-
ristor in case of a cell short circuit, for example. Thereby,
fuses are not needed to disconnect the cell from the grid,
wherein the electrical power may be in particular supplied
using a long cable running from a topside main energy supply
to the subsea operation’s side a few thousand meters below

the sea level.

In particular, if a short circuit is happening inside the
rectifier stage or in a converter arrangement or in a power
supply arrangement according to embodiments of the present
invention, the current through the conducting thyristor may
be sensed via the current signal. Based on the received cur-
rent signal the first thyristor may be shut off in a fast
manner. In this way, the first thyristor may see approxi-
mately one half sine wave before the short circuit may be
stopped by the gate control circuit supply the appropriate

control signal to the first thyristor.

The rectifier stage may convert an alternating current (AC)
which may periodically reverses direction to a direct current
(DC) which may be only in one direction. In particular, the
input AC voltage between the first AC input terminal and the
second AC input terminal is converted to the output voltage
using the rectifier stage, wherein the output voltage may be
a rectified AC voltage resulting from rectifying the input AC
voltage. The rectified AC voltage may be a voltage in only
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one direction which however may fluctuate or oscillate (ac-
cording to the frequency (being one divided by the period) of
the input AC voltage) to a particular degree, thus not being
constant, wherein its amplitude may be the peak of the volt-
age taken over one period of the input AC voltage. In par-
ticular, the rectified AC voltage is provided between the

first DC output terminal and the second DC output terminal.

For producing the rectified AC voltage the first thyristor is
connected between the first DC output terminal and the second
DC output terminal (in particular an anode of the first thy-
ristor is connected to the second DC output terminal and a
cathode of the first thyristor is connected to the first DC
output terminal) and further the first thyristor (in particu-
lar the anode of the first thyristor) is connected to the
first AC input terminal. Thus, the first thyristor connected
between the first DC output terminal and the first AC input
terminal conducts a current from the first AC input terminal
to the first DC output terminal, when in the conducting

sState.

Further, an anode of the second thyristor may be connected to
the second DC output terminal and a cathode of the second
thyristor may be connected to the first DC output terminal.
Further, the anode of the second thyristor may be connected
to the second AC input terminal. In other embodiments the an-
ode and the cathode of the first thyristor may switch places
and also the anode and the cathode of the second thyristor

may switch places.

The gate control circuit may have at least a first output
terminal and a second output terminal, wherein the first out-
put terminal of the gate control circuit may be connected to
a gate of the first thyristor and wherein the second output
terminal of the gate control circuit may be connected to a
gate of the second thyristor. The gate control circuit may be
adapted to supply a first control signal to the first output

terminal of the gate control circuit and supply a second con-
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trol signal to the second output terminal of the gate control
circuit. The first control signal may control the first con-
ductance state of the first thyristor, such that if the first
control signal is above a first threshold, the first thyris-
tor may be in a conducting state for connecting (or conduct-
ing a current from ) the first AC input terminal to the first
DC output terminal. Further, the second control signal gener-
ated by the gate control circuit may control the second con-
ductance state of the second thyristor, such that the second
thyristor may be in a conducting state (conducting a current
between) connecting the second AC input terminal and the
first DC output terminal, if the second control signal is
above a second threshold. In particular, the first control
signal and/or the second control signal may oscillate in ac-
cordance or in synchronization with a frequency of the input
AC voltage applied between the first AC input terminal and

the second AC input terminal.

In particular the gate control circuit may have input termi-
nals for receiving the input AC voltage. The gate control
circuit may comprise one or more semiconductor integrated
circuits and may be supplied with electric energy using the

input AC voltage.

In particular, the rectifier stage may not have any electri-
cal connection to an electrical ground. In particular, the
rectifier stage may be free floating, thus the rectifier
stage may be kept at an arbitrary potential relative to an
electrical ground. The rectifier stage may be a half wave

rectifier stage or in particular a full wave rectifier stage.

In particular, the input AC voltage may be a three-phase AC
input voltage, wherein a first AC input terminal, a second AC
input terminal and a third AC input terminal are provided for
supplying the three-phase AC input voltage. In particular,
the rectified AC voltage may be a three-phase half wave rec-

tified voltage or a three-phase full wave rectified voltage.
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The first thyristor and/or the second thyristor may be a
solid-state semiconductor device with four layers of alter-
nating N and P-type material. They may be bistable switches
conducting when their gate receives a current pulse, such as
the first control signal and/or the second control signal,
from the gate control circuit. The first thyristor and the
second thyristor may continue to conduct (being in their con-
ducting state), while they are forward biased (that is while

the voltage across the thyristor is not reversed).

Using a first thyristor and a second thyristor (and in par-
ticular also a third thyristor, when the input AC voltage is
a three-phase input voltage) may have the advantage over us-
ing diodes that the conductance states of the individual thy-
ristors may be controlled in order to adjust the amplitude of
the rectified AC voltage to be at least approximately con-
stant, even if the amplitude of the input AC voltage varies,
in particular in a range between 10 % and 30 %. Thereby, a

capacitor having a high rated voltage may be avoided.

A rectified constant DC voltage can be obtained by constant
controlling the thyristor firing angle as is known form SCR
theory. By having a sufficient high AC voltage the DC voltage
can be controlled to the nominal voltage within the specified
voltage variation area. In particular, if the amplitude of
the AC voltage (being in particular the maximum voltage taken
over one period of oscillation) is larger (in particular by
10% and 40%) than a nominal amplitude, the thyristor(s) can
be controlled such that the amplitude of the rectified AC
voltage (or the DC voltage) does increase by between 0% and

10%, in particular stays constant.

In particular, the rectified AC voltage may be a voltage in
one direction (in particular being above or below a particu-
lar threshold during a whole period of oscillation of the in-
put AC voltage). The rectified AC voltage may be character-
ized by an amplitude relative to a threshold voltage, wherein

the rectified AC voltage oscillates during a period of the
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input AC voltage. The amplitude of the rectified AC voltage
may be defined as the maximum of the rectified AC voltage
taken over one period of the input AC voltage. Similarly, the
amplitude of the input AC voltage may be defined as the maxi-
mum of the input AC voltage over one period of the input AC

voltage.

A variation of the amplitude of the input AC voltage may for
example be caused by varying loads connected to the rectifier
stage or varying cable length supplying electric energy to
the rectifier stage. Increasing or decreasing the amplitude
of the input AC voltage in a range between 10 % and 30 % will
lead to an amplitude of the rectified AC voltage varying not
more than 10% around a nominal value. Thereby, a load con-
nected to the rectifier stage, in particular via an AC-
converter stage, may be operated in a safe manner and further
expensive voluminous capacitors in the rectifier stage may be

avoided.

In particular, the rectifier stage may be used for applica-

tions with power requirements ranging for 4 MVA to 8 MVA, in
particular in a depth of between 1000 m and 3000 m below the
sea level. In particular, the rectifier stage may be part of
a variable speed drive supplying power to an application hav-

ing such power rating.

In particular, the input AC voltage may be supplied using a
cable connected to a topside equipment delivering the elec-
trical energy. In particular, the cable may be 150 km - 300
km long. In particular, large voltage variations in the input
AC voltage may occur when using such a long cable. The volt-
age variation of the input AC voltage may take place both
transiently (some few periods of the input AC voltage) and
over long terms (variations over minutes). In a conventional
system the subsea equipment connected to the conventional
rectifier stage may have experienced these voltage variations

and may not have been operated appropriately. The rectifier
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stage comprising the thyristors may reduce the problems

caused by voltage variations of the input AC voltage.

According to an embodiment of the present invention, the rec-
tifier stage further comprises a current transformer (in par-
ticular close of on the first AC input terminal) arranged for
sensing (in particular by inductive coupling) the current
flowing from the first AC input terminal through the first
thyristor for providing the current signal. In particular,
the current transformer may inductively sense the current
flowing from the first AC input terminal through the first
thyristor to the first DC output terminal. Thereby, an effi-

cient detection sensor may be provided.

The current transformer may have a primary winding, a
magnetic core, and a secondary winding. The alternating cur-
rent flowing in the primary may produce a magnetic field in
the core, which then induces a current in the secondary wind-
ing circuit. The primary and secondary circuits may effi-
ciently be coupled, so that the secondary current bears an
accurate relationship to the primary current. The current
transformer (CT) may comprise a wire wrapped many times
around a silicon steel ring passed over the circuit or con-
ductor being measured. The CT's primary circuit therefore may
consist of a single 'turn' of conductor, with a secondary of
many hundreds of turns. The primary winding may be a perma-
nent part of the current transformer, with a heavy copper bar

to carry current through the magnetic core.

According to an embodiment of the present invention, the
first conductance state is controlled by the gate control
circuit to be non-conducting, if the current signal indicates
that the current is above a current threshold. Thereby, a
simple control mechanism may be provided to sense a short
circuit and react on the sensed short circuit by interrupting
a connection between the first AC input terminal and the

first DC output terminal.
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According to an embodiment of the present invention, the cur-
rent signal is further indicative of a further current flow-
ing from the second AC input terminal through the second thy-
ristor to the first DC output terminal. Thereby, in particu-
lar, the gate control circuit may be arranged and connected
to control, based on the current signal also being indicative
of the further current, the second conductance state of the
second thyristor. Thereby, in case that the further current
is above a further current threshold, the gate control cir-
cuit may control the second thyristor in order to interrupt a
connection between the second AC input terminal and the sec-

ond DC output terminal.

Thereby, currents flowing through a number of phases of the
AC input voltage may be sensed and if one or more of these
currents exceed(s) a current threshold, the thyristor con-
nected to the respective phase may be shut off to avoid dam-
age to components of the rectifier stage or any arrangement

into which the rectifier stage is included or comprised.

According to an embodiment of the present invention, the gate
control circuit controls the first conductance state and the
second conductance state such that an amplitude of the recti-
fied AC voltage (occurring between the first DC output termi-
nal and the second DC output terminal) is constant (or at
least approximately constant) upon varying an amplitude of
the input AC-voltage. Thereby, the rectifier stage may pro-
vide a predetermined amplitude of the rectified AC voltage,
when no short circuit is detected. Thereby, the rectifier
stage may advantageously be used in a converter arrangement

of a variable speed drive.

According to an embodiment of the present invention, the gate
control circuit has a further input terminal for electrically
or optically receiving information about a variable speed
drive (or a condition or state of the variable speed drive or
electrical or electronic properties of the variable speed

drive) which receives electric energy via the rectifier stage
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(and potentially via further components such as a DC-AC con-
verter stage), wherein the first conductance state (and/or in
particular the second conductance state) is controlled by the
gate control circuit to be non-conducting, if the information
about the variable speed drive indicates an error relating to
(or in particular occurring at) the variable speed drive. In
particular, the rectifier stage can be part or variable speed
drive, and the gate control circuit can be adapted to inter-
face a controller of the variable speed drive via the input
terminal. Thus, damages to components of the rectifier stage
or of the overall variable speed drive may be reduced or even
avoided by shutting off electric energy supply to the vari-
able speed drive. The rectifier stage may thus implement a
short circuit protection or an overvoltage protection or both

for the variable speed drive.

According to an embodiment of the present invention, the gate
control circuit is adapted to control the first conductance
state and the second conductance state in order to adjust the
amplitude of the rectified AC voltage to deviate less than 10
%, 1in particular less than 5 %, further in particular less
than 2 %, from a target amplitude of the rectified AC volt-
age, when the amplitude of the input AC voltage deviates from
a nominal amplitude of the input AC voltage in a range be-

< <

tween 10 % and 30 %, in particular between 20 % and 30

o\°

Thus, in particular, the variation of the amplitude of the
rectified AC voltage is less than the variation of the ampli-
tude of the input AC voltage. Thereby, a pump, a compressor
or a motor being supplied with electric energy using the rec-
tifier stage (in particular also further using an AC-
converter stage) may be smoothly operated, in particular op-

erated using varying power supply.

According to an embodiment of the present invention, the rec-
tifier stage further comprises a capacitor (an electrical
element being adapted for storing an electrical charge) con-

nected between the first DC output terminal and the second DC



10

15

20

25

30

35

WO 2012/175295 PCT/EP2012/060138
12

output terminal for smoothing the rectified AC voltage to
generate an output DC voltage as the output voltage. Thus,
the output DC voltage is obtained between the first DC output
terminal and the second DC output terminal. In particular,
the output DC voltage may vary to a smaller degree over one
period of the input AC voltage than the rectified AC voltage.
Thereby, the capacitor may be dimensioned such that it is
able to smoothen the rectified AC voltage having an amplitude
in a range deviating less than 10 % from a target amplitude
of the rectified AC voltage. Thereby, the size of the recti-
fier stage may be reduced compared to a conventional recti-
fier stage by in particular reducing the size of the capaci-

tor.

According to an embodiment of the present invention, the gate
control circuit is adapted to control the first conductance
state and the second conductance state in order to adjust the
output DC voltage to deviate less than 10 %, in particular
less than 5 %, further in particular less than 2 %, from a
target output DC voltage, when the amplitude of the input AC
voltage deviates from a nominal amplitude of the input AC

<

voltage in a range between 10 % and 40 %, in particular be-
tween 20 % and 40 %. Thereby, in particular, the wvariation
(of the average) of the output DC voltage is less than the
deviation of the amplitude of the input AC voltage from the
nominal amplitude of the input AC voltage. Thus, the recti-
fier stage may be used in a converter of a variable speed

drive for supplying an electric motor with electric energy.

According to an embodiment of the present invention, the rec-
tifier stage further comprises another first thyristor con-
nected between the first DC output terminal and the second DC
output terminal in series with the first thyristor and con-
nected to the first AC input terminal, the first AC input
terminal being connected between the first thyristor and the
other first thyristor; and another second thyristor connected
between the first DC output terminal and the second DC output

terminal in series with the second thyristor and connected to



10

15

20

25

30

35

WO 2012/175295 PCT/EP2012/060138
13

the second AC input terminal, the second AC input terminal
being connected between the second thyristor and the other
second thyristor, wherein the gate control circuit is further
adapted and connected to control another first conductance
state of the other first thyristor and to control another
second conductance state of the other second thyristor such
that the first thyristor, the second thyristor, the other
first thyristor and the other the second thyristor together
provide the rectified AC voltage between the first DC output

terminal and the second DC output terminal.

Thereby, a full wave rectifier stage may be provided. In par-
ticular, the rectifier stage may further comprise another
third thyristor which is connected in series with the third
thyristor, in order to provide a three-phase rectifier stage.
In particular, a three-phase full wave rectifier stage may be
provided. Thereby, the rectifier stage may be used in an ap-
propriate way using conventionally available three-phase in-

put AC voltage.

According to an embodiment of the present invention, it is
provided an AC-AC converter for converting an input AC-
voltage to an output AC-voltage, the AC-AC converter compris-
ing a rectifier stage according to an embodiment as described
above; and a AC-converter stage connected between the first
DC output terminal and the second DC output terminal of the
rectifier stage and comprising a first AC output terminal and
a second AC output terminal, the AC-converter stage being
adapted to convert the output voltage, in particular the out-
put DC voltage, generated by the rectifier stage to the out-
put AC voltage between the first AC output terminal and the

second AC output terminal.

In particular, in the AC-AC converter, the rectifier stage
comprises the capacitor connected between the first DC output
terminal and the second DC output terminal. The AC-converter
stage may provide the output AC voltage to have a predeter-

mined frequency which may be adjusted on demand. The AC-AC
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converter may in particular be part of a variable frequency
drive (VFD) or variable speed drive (VSD). Such variable
speed drive may comprise an electric motor or may be con-
nected to an electric motor. The AC-AC converter can thus
supply electric energy with a variable frequency to the elec-
tric motor, thereby driving the electric motor at variable
speed. The variable speed drive may for example drive a pump
or a compressor in a subsea 0il or gas exploration process.
The AC-AC converter may be supplied with electric energy from
a topside eguipment, wherein the topside equipment supplies
energy via a long cable (such as 100 km - 500 km long) to the
AC-AC converter. In particular, the AC-AC converter may rep-
resent a power cell which can be connected to other power
cells in order to generate an output AC voltage having a pre-
determined adjustable fregquency and predetermined adjustable
amplitude. The variable frequency drive may thus comprise
plural of such AC-AC converters in form of plural power

cells.

According to an embodiment of the present invention, the AC-
converter stage comprises a first controllable switch, in
particular a first IGBT, connected to the first DC output
terminal and to the second DC output terminal; and a second
controllable switch, in particular a second IGBT, connected
to the first DC output terminal and to the second DC output
terminal, wherein the first controllable switch is connected
to the first AC output terminal, wherein the second control-

lable switch is connected to the second AC output terminal.

Thereby, the first controllable switch and/or the second con-
trollable switch may be semiconductor devices, such as tran-
sistors. In particular, the first controllable switch and/or
the second controllable switch may be controlled at their re-
spective gates by control signals generated by a further con-
trol circuit. In particular, the further control circuit may
provide control signals having a desired frequency to gener-

ate the output AC voltage having a desired frequency.
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In particular, the AC-converter stage may further comprise a
further first controllable switch connected in series with
the first controllable switch such that the series of the
first controllable switch and the further first controllable
switch is connected between the first DC output terminal and
the second DC output terminal. Further in particular, the AC-
converter stage may comprise a further second controllable
switch connected in series with the second controllable
switch, such that the series connection of the second con-
trollable switch and the further second controllable switch
is connected between the first DC output terminal and the
second DC output terminal. Further, all controllable
switches, i.e. the first controllable switch, the further
first controllable switch, the second controllable switch and
the further second controllable switch may have connected in

parallel a respective diode.

In particular, the first AC output terminal may be connected
between the first controllable switch and the further first
controllable switch. In particular, the second AC output ter-
minal may be connected between the second controllable switch
and the further second controllable switch. Thereby, a com-
pact AC-AC converter may be provided being able to provide
the output AC voltage having a predetermined adjustable fre-

quency and having a predetermined amplitude.

According to an embodiment of the present invention, a con-
verter arrangement comprising a plurality of AC-AC converters
according to an embodiment as described above is provided,
wherein the AC-AC converters are connected in a series,
wherein a second AC output terminal of one of the plurality
of the AC-AC converters is connected to a first AC output
terminal of a next (in the series) AC-AC converter of the
plurality of the AC-AC converters in the series, respec-
tively. Thereby, a series arrangement of power cells is pro-

vided which may in particular be used for a subsea equipment.
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According to an embodiment of the present invention, it is
provided a power supply arrangement comprising a first con-
verter arrangement according to an embodiment as described
above and a second converter arrangement according to an em-
bodiment as described above (and in particular a third con-
verter arrangement according to an embodiment as described
above). Therein, a first AC output terminal of a first AC-AC
converter in the series of the first converter arrangement is
connected to a first AC output terminal of a first AC-AC con-
verter in the series of the second converter arrangement and
a second AC output terminal of the a last AC-AC converter in
the series of the first converter arrangement and a second AC
output terminal of a last AC-AC converter in the series of
the second converter arrangement are connectable to a load,
in particular a motor, a pump or a compressor. Thereby, a

variable speed drive may be provided.

According to an embodiment, it is provided a subsea power
grid, comprising a power cable, in particular having a length
between 100 km and 300 km, leading from above a sea level to
a depth between 1000 m and 4000 m, in particular between 3000
m and 4000 m, below the sea level for supplying electric en-
ergy utilizing AC voltage to a subsea equipment; and at least
one rectifier stage according to an embodiment as described
above, the AC voltage being applied between the first AC in-
put terminal and the second AC input terminal of the recti-
fier stage, and/or at least one AC-AC converter according to
an embodiment as described above and/or at least one con-
verter arrangement according to an embodiment as described
above and/or at least one power supply arrangement according

to an embodiment as described above.

It should be understood that any features (individually or in
any combination) disclosed, described, mentioned or provided
for a rectifier stage or for a AC-AC converter or for a con-
verter arrangement or for a power supply arrangement or for a
subsea power grid may also be provided, arranged for, applied

for (individually or in any combination) to a method for con-
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verting an input AC voltage to an output voltage according to

an embodiment and vice versa.

According to an embodiment of the present invention, it is
provided a method for converting an input AC voltage to an
output voltage, the method comprising applying the input AC
voltage between a first AC input terminal and a second AC in-
put terminal; controlling a first conductance state of a
first thyristor and controlling a second conductance state of
a second thyristor such that the first thyristor and the sec-
ond thyristor provide a rectified AC voltage between a first
DC output terminal and a second DC output terminal as the
output voltage, wherein the first thyristor is connected be-
tween the first DC output terminal and the second DC output
terminal and is connected to the first AC input terminal,
wherein the second thyristor is connected between the first
DC output terminal and the second DC output terminal and is
connected to the second AC input terminal. Further, the
method for converting the input AC voltage to the output
voltage further comprises receiving a current signal (such as
an electrical or optical signal) indicative of a current
flowing from the first AC input terminal through the first
thyristor to the first DC output terminal; and controlling,
based on the current signal, the first conductance state of

the first thyristor.

According to an embodiment of the present invention, the
method for converting the input AC voltage to the output
voltage is performed in a subsea operation, in particular
during exploration of an oil and/or gas reservoir, in a depth
between 1000 m and 4000 m, in particular between 3000 m and
4000 m, below a sea level. In particular, the electric energy
may be supplied via a cable having a length between 100 km

and 400 km from a topside main power supply.

According to an embodiment of the present invention, the
method further comprises converting the output voltage gener-

ated between the first DC output terminal and the second DC
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output terminal to an output AC voltage (in particular using
a DC-AC converter, in particular comprising plural IGBTSs);
connecting a load to the output AC voltage, wherein the con-
trolling step is performed by a gate control circuit, the
gate control circuit being part of a variable speed drive
which comprises a variable speed drive controller, the gate
control circuit having a further input terminal connected to
an output terminal of the variable speed drive controller,

in particular for receiving information about the condition
or the state of the wvariable speed drive. Thereby, in case of
a failure or a fault relating to the variable speed drive the
energy supply to the variable speed drive may be interrupted,
in order to reduce or even avoid damages to the variable

speed drive or any other component of other equipment.

It has to be noted that embodiments of the invention have
been described with reference to different subject matters.
In particular, some embodiments have been described with ref-
erence to method type claims whereas other embodiments have
been described with reference to apparatus type claims. How-
ever, a person skilled in the art will gather from the above
and the following description that, unless other notified, in
addition to any combination of features belonging to one type
of subject matter also any combination between features re-
lating to different subject matters, in particular between
features of the method type claims and features of the appa-
ratus type claims is considered as to be disclosed with this

document.

The aspects defined above and further aspects of the present
invention are apparent from the examples of embodiment to be
described hereinafter and are explained with reference to the
examples of embodiment. The invention will be described in

more detail hereinafter with reference to examples of embodi-

ment but to which the invention is not limited.
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Brief Description of the Drawings

Embodiments of the present invention are now described with
reference to the accompanying drawings. The invention is not
restricted to the illustrated or described embodiments. Simi-
lar elements (in structure and/or in function) may be denoted
with similar reference signs which differ only in the first

digit.

Fig. 1 schematically illustrates a subsea power grid accord-

ing to an embodiment of the present invention;

Fig. 2 illustrates a circuit diagram of a AC-AC converter (or
power cell) according to an embodiment of the present inven-

tion;

Figs. 3 and 4 illustrate graphs depicting three-phase AC
voltage and currents, respectively, before and after the cell

short circuit occurred.

Figs. 5 and 6 illustrate graphs showing the DC voltage and
rectifier current, respectively, before and after the cell

short circuit.

Figs. 7 and 8 illustrate a current through the first thyris-
tor and the squared current times time value of the short

circuit current, respectively.
Fig. 9 schematically illustrates a power supply arrangement

comprising a plurality of AC-AC converters as illustrated in

Fig. 2 according to an embodiment of the present invention.

Detailed Description

The illustration in the drawings is in schematic form. It is
noted that in different figures, similar or identical ele-

ments are provided with the same reference signs or with ref-
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erence signs, which are different from the corresponding ref-

erence signs only within the first digit.

Fig. 1 schematically illustrates a subsea power grid 100 ac-
cording to an embodiment of the present invention. The power
grid 100 comprises or is connected to a mains power supply
101 which may deliver a AC voltage having an amplitude of 132
kV and having a frequency of 60 Hz. Via a cable 103 the AC
voltage is supplied to a topside transformer 105 which is di-
mensioned for 50 MVA, uk=22%, and which is adapted to trans-
form the AC voltage from 132 kV to 90 kV. A topside SVC reac-
tive compensation element 107 is connected to an output of
the topside transformer 105 to enable reactive compensation.
The mains supply 101, the topside transformer 105 and the
topside reactive compensation 107 are located above a sea
level 1009.

A cable 111 having a length of 220 km (240 mm? copper wires)
leads to a subsea location, where a subsea transformer 113
being dimensioned for 50 MVA 113 is located, which transforms
the voltage of 90 kV to a voltage of 22 kV at an output of
the subsea transformer 113, the transformer having an input
112. Further connected to the input 112 of the subsea trans-
former 113 is a subsea reactive compensation element 115 for

enabling reactive compensation of the supplied AC voltage.

The output of the subsea transformer 113 is connected to a
subsea main connection unit (SMCU) or a subsea switchgear
unit (SSU) 117 which receives the electric power at an input
terminal 119. The subsea main connection unit 117 comprises a
number of output terminals 121 for distributing the electric
power to a number of loads 123 having inputs 124 for supply-
ing electric energy. Each load may comprise e.g. a variable
speed drive and a motor. The loads 123 may be operated at 24
kv, 10.5 MVA, PF=0.97. The loads 123 may be located close to
a sea ground 125 which may be located in a depth d between
3000 and 4000 m below the sea level 109.
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In particular, the subsea power grid has a long step-out ca-
ble 111 with high capacitance. The cable 111 may be more or
less dimensioned with a charging current low enough not to be
overloaded during no load (only charging current) and full

load (both charging current and active load current).

The variable speed drive comprised in the load 123 may be

adapted or comprise a rectifier stage, an AC-AC converter, a
converter arrangement, or a power supply arrangement accord-
ing to an embodiment of the present invention. The loads 123
may for example comprise the AC-AC converter as illustrated

in Fig. 2 or a drive topology as illustrated in Fig. 9.

Fig. 2 illustrates a circuit diagram of an AC-AC converter
250 (also referred to as H bridge cell converter) according
to an embodiment of the present invention. The AC-AC con-
verter 250 comprises a rectifier stage 251 and an AC-
converter stage 253. The rectifier stage 251 comprises a
first AC input terminal 255, a second AC input terminal 257
and a third AC input terminal 259 for supplying a three-phase
input AC voltage between pairs of terminals 255, 257, 259.
The terminals 255, 257, 259 may correspond to the input ter-
minals 119 of the subsea main connection unit 117 or to the

inputs 124 of the loads 123, as is illustrated in Fig. 1.

The rectifier stage 251 further comprises a first thyristor
261, a further first thyristor 262, wherein the first termi-
nal 255 is connected in between the first thyristor 261 and
the further first thyristor 262. The rectifier stage 251 fur-
ther comprises a second thyristor 263 and a further second
thyristor 264 which is connected in series with the second
thyristor 263, wherein the second AC input terminal 257 is
connected between the second thyristor 263 and the further
second thyristor 264. The rectifier stage 251 further com-
prises a third thyristor 265 and a further third thyristor
266 connected in series with the third thyristor 265, wherein
the third AC input terminal 259 is connected between the
third thyristor 265 and the further third thyristor 266.
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The series connected first thyristor 261 and further first
thyristor 262, the series connected second thyristor 263 and
the further second thyristor 264, and the series connected
third thyristor 265 and further third thyristor 266 are con-
nected between a first DC output terminal 267 and a second DC
output terminal 268. The gates 269 of the thyristors 261,
262, 263, 264, 265, 266 are connected to individual output
terminals 270 of a gate control circuit 272 which is also
comprised in the rectifier stage 251. Via the output termi-
nals 270 the gate control circuit 272 is adapted to provide a
current to the gates 269 of the thyristors and flowing
through the cathode of the thyristors and flowing back to

terminals 271 of the gate control circuit 272.

The gate control circuit 272 may also be referred to thyris-

tor trigger pulse card.

The gate control circuit 272 comprises input terminals 273
via which the voltages detected or measured at the first AC
input terminal 255, the second AC input terminal 257 and the
third AC input terminal 259 can be supplied to the gate con-
trol circuit 272. The gate control circuit 272 may control
conductances of the thyristors in order to keep the voltage
between the first DC output terminal 267 and the second DC
output terminal 268 at least approximately constant (in par-
ticular keep an amplitude of this voltage constant or below a
nominal amplituded) such that a capacitor 274 also comprised
in the rectifier stage 251 may only be dimensioned to have a
nominal rated voltage for smoothening the voltage between the
terminals 267 and 268.

In a conventional system the capacitor 274 would be required
to handle large voltage variations leading to a large sized
capacitor. In particular, by increasing the voltage for the
capacitor bank 274 with 1.3 the volume will increase by the

square of this value, i.e. 1.32 = 1.56. To void this, the
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thyristor based rectifier stage 251 may be used to actively

reduce the overvoltages for the capacitor bank 274.

The thyristor based rectifier bridge (also called rectifier
stage) 251 may be used as a replacement for the standard di-
ode rectifier bridge used for a conventional multilevel cas-
cade connected H bridge design. The thyristors comprised in
the rectifier stage 251 are supplied with trigger pulses from

the gate control circuit 272 via output terminal 270.

The cell thyristor control system or gate control circuit 272
may be placed on the cell and may be supplied with power from
the cell. In particular, as is illustrated in the embodiment
of the AC-AC converter 250 illustrated in Fig. 2, the gate
control circuit 272 is supplied with electrical energy from
two phases of the input AC voltage, namely the first AC input
terminal 255 and the third AC input terminal 259 using the
supply input terminals 276 and 277. Before the cell 250 is in
operation, no energy is stored in the cell capacitor bank
274. Due to this the thyristor control power needs to be con-

nected in front of the thyristor rectifier bridge.

Further, the gate control circuit 272 needs to be internally
secured for short circuits. In Fig. 2 fuses 278 are depicted
on the input terminals 276 and 277 of the gate control cir-
cuit 272. The fuses 278 may be a thin wire of copper or sil-
ver or a narrow copper path on the printed circuit board lay-
out in o0il environment. The fuses 278 may also be replaced
with a high ohmic resistance that assure a low and safe short
circuit current in case of a short circuit on the control
board 272.

By keeping the DC voltage to which the capacitor bank 274 is
connected constant the capacitor size (the space or volume or
weight) of the capacitor 274 can be reduced to be less than
50 % of the total cell volume of the AC-AC converter 250.
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The AC-AC converter 250 illustrated in Fig. 2 further com-
prises the AC-converter stage 253. The AC-converter stage 253
comprises a first controllable switch 280 and a further first
controllable switch 281 which is connected in series to the
first controllable switch 280, wherein a first AC output ter-
minal 284 is connected in between the first controllable
switch 280 and the further first controllable switch 281.
Further, the AC-converter stage 253 comprises a second con-
trollable switch 282 and a further second controllable switch
283 which is connected in series to the second controllable
switch 282, wherein a second AC output terminal 285 is con-
nected between the second controllable switch 282 and the
further second controllable switch 283. Gates of the control-
lable switches 280, 281, 282, 283 are controlled by input
signals generated by not illustrated control circuits. In
parallel to the controllable switches 280, 281, 282, 283 re-

spective diodes 286 are connected.

In particular, the series connected first controllable switch
280 and further first controllable switch 281 are connected
between the first DC output terminal 267 and the second DC
output terminal 268. The controllable switches 280, 281, 282,
283 are controlled such that at the first AC output terminal
284 and the second AC output terminal 285 an output AC volt-
age having a predetermined frequency and amplitude is gener-
ated.

In Fig. 2 a load 223 is powered by the converter 250 by con-
necting the load 223 to the first AC output terminal 284 and
the second AC output terminal 285 by lines to power input

terminals 224.

The rectifier stage 250 illustrated in Fig. 2 further com-
prises a current transformer 227 which is inductively coupled
to the first AC input terminal (or a conductor thereof) 255,
wherein the current transformer 227 is adapted to measure a
current flowing from the first AC input terminal 255 through
the first thyristor 261 to the first DC output terminal 267.
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Further, the rectifier stage 251 illustrated in Fig. 2 com-
prises another current transformer 229 which is arranged

close to the third AC input terminal 259 and is adapted to
measure a current flowing from the first AC input terminal
259 through the third thyristor 265 to the first DC output

terminal 267.

Instead of measuring the current flowing from the third AC
input terminal 259 to the first DC output terminal 267 a cur-
rent transformer could also be arranged to be inductively
coupled to the second AC input terminal 257 to measure the
current flowing from the second AC input terminal 257 through
the second thyristor 263 to the first DC output terminal 267.
Current signals indicating or indicative of currents flowing
from one, two or all AC input terminals 255, 257, 259 to the
first DC output terminal 267 (via respective thyristors 261,
263 and/or 265) are supplied via signal lines 231 to three

input terminals 233 of the gate control circuit 272.

In particular, thereby, the gate control circuit 272 receives
information regarding currents flowing via the AC input ter-
minals to the rectifier stage 251. If the current signal in-
dicates that one of the measured currents is above a thresh-
old, the gate control circuit 272 controls the associated
thyristor to adopt a non-conducting state, in order to inter-
rupt a current flowing from the respective AC input terminal
to the first DC output terminal 267.

As is depicted in Fig. 2 a cell short circuit 235 may for ex-
ample occur between the first DC output terminal 267 and the
second DC output terminal 268 causing high currents to flow
from the AC input terminal 255, 257 and 259 to the DC output
terminals 267, 268.

According to an alternative embodiment the further first thy-
ristor 262, the further second thyristor 264 and also the
further third thyristor 266 may be replaced each with a diode
(not illustrated), to simplify the rectifier stage 250. In



10

15

20

25

30

35

WO 2012/175295 PCT/EP2012/060138
26

this case, only the first thyristor 261, the second thyristor
263 and the third thyristor 265 would be comprised in the
rectifier stage 251 and would be controlled by the gate con-

trol circuit 272.

To illustrate the function of the short circuit protection, a
cell (also referred to as AC-AC converter according to an em-
bodiment of the present invention) in an 18 cell multilevel
cascade H bridge drive of 6 MVA with a thyristor inverter has
been simulated with a short circuit in the cell directly af-
ter trigger pulses to the first thyristor 261, as illustrated
in Fig. 2. For example, the 18 cell multilevel cascade H
bridge may also be referred to as a power supply arrangement
according to an embodiment of the present invention, such as
the power supply arrangement illustrated in Fig. 9 and de-

scribed below.

A controller 226 (variable speed drive controller) controls
the operation of the variable speed drive which comprises the
converter 250. It may for example control the frequency of
the AC voltage that is given out. The controller 226 may be
connected to the load 223, which can comprise an electric mo-
tor. The controller 226 controls and receives information
from the variable speed drive and may further receive infor-
mation of load 223. The controller is adapted to supply in-
formation about the variable speed drive to the gate drive
circuit 272 via input terminals 228. In case of a fault on
the variable speed drive indicated by the received informa-
tion, the gate control circuit 272 shuts off one or more of
the thyristors 261, 262, 263, 264, 265, 266.

Figs. 3 and 4 illustrate graphs showing the three-phase AC
voltage and currents, respectively before and after the cell

short circuit at a time of 0.082 s.

Thereby, on the abscissas 337 and 437, 537, 637, 737 and 837
in Fig. 3 to 8, respectively, the time t is indicated in sec-

onds (s).
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On the ordinate 339 in the graph of Fig. 3, the input voltage
at the AC input terminals 255, 257 and 259, as depicted in
Fig. 2, is indicated as a curve 341, wherein 344 indicates

the short circuit.

At the ordinate 439 of the graph illustrated in Fig. 4 the
input current as is sensed for example by the current trans-
formers 227 or 229 is indicated as a curve 443. It is appar-
ent that the current steeply increases at the short circuit
444 (t=0.082 s) showing a peak 445. However, the current
quickly drops to zero, since the gate control circuit 272
controls the corresponding thyristors to interrupt the cur-

rent.

In Fig. 5 the ordinate 539 of the graph corresponds to the DC
voltage as is for example measured between the first DC out-
put terminal 267 and the second DC output terminal 268, as is
illustrated in Fig. 2. The DC voltage shows a time course ac-
cording to a curve 447, wherein a steep drop is observed af-
ter the short circuit occurred at the time instance 544 and

after the thyristors have interrupted the current flow.

Fig. 6 depicts on its ordinate 639 the DC current as a curve
646. Close to the short circuit 644, the DC current raises

but then drops again to 0.

The ordinate 739 of the graph illustrated in Fig. 7 denotes
the current through the first thyristor 261, as illustrated
in Fig. 2. The thyristor current is illustrated as a curve
748. Close to the instance of the short circuit 744, the thy-
ristor current shows a peak but then falls to a value of es-

sentially O.

Fig. 8 illustrates at its ordinate 839 the I2t value (the
square of the current I times the time t) of the short cir-
cuit current. As can be seen from Fig. 8, the short circuit

current (curve 849) steeply raises at the instance 844 of the
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short circuit. The thyristor module specifies the max I2t
value in the data sheet, in this way the calculated wvalue can
be compared to the thyristor module rating and by this check

the proper thyristor module can be selected.

For the simulations shown in Figs. 3 to 8 a DC load was used
as the base load before the short circuit at t=0.082 s, while

in a normal operation this would have been an AC current.

Fig. 9 schematically illustrates a possible drive topology
using the proposed cell as illustrated in Fig. 2, wherein the
drive topology 990 illustrated in Fig. 9 is also referred to
as power supply arrangement or variable speed drive according
to an embodiment of the present invention. The power supply
arrangement 990 comprises a first converter arrangement 991,
a second converter arrangement 992 and a third converter ar-

rangement 993 which provide each one phase to a motor 994.

A primary winding 995 of an input transformer is inductively
coupled to secondary windings 996 which provide their output
power to the three AC input terminals 955, 957, 959 corre-
sponding to the AC input terminals 255, 257 and 259 of the
AC-AC converter 250 as illustrated in Fig. 2. The converter
arrangements 991, 992 and 993 comprise a number of AC-AC con-
verters 950 (which may be similar to the AC-AC converter 250
illustrated in Fig. 2), which are connected in a series, such
that a second AC output terminal 985 of one AC-AC converters
950 is connected to a first AC output terminal 984 of another
AC-AC converters 950. The primary coils 995 are exited by a
primary voltage (22 kV, 50 Hz) which is provided via three-
phases 997 to each of the converter arrangements 991, 992,
993. The first AC-AC converters 950 in each of the converter
arrangements 991, 992, 993 are connected to each other with
their second AC output terminals. Reference sign 994 depicts
a load, such as an AC motor, which is supplied with electric
energy at variable frequency by the power supply arrangement
990.
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Elements 988 denote a precharge windings, elements 998 denote

precharge circuits.

It should be noted that the term “comprising” does not ex-
clude other elements or steps and “a” or “an” does not ex-
clude a plurality. Also elements described in association
with different embodiments may be combined. It should also be
noted that reference signs in the claims should not be con-

strued as limiting the scope of the claims.
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CLAIMS

1. Rectifier stage (251) for converting an input AC voltage
to an output voltage, the rectifier stage comprising:

a first AC input terminal (255);

a second AC input terminal (257), wherein the input AC
voltage is applicable between the first input terminal and
the second input terminal;

a first DC output terminal (267);

a second DC output terminal (268);

a first thyristor (261) connected between the first DC
output terminal (267) and the first AC input terminal (255);

a second thyristor (263) connected between the first DC
output terminal (267) and the second AC input terminal (257);

a gate control circuit (272) adapted and connected to
control a first conductance state of the first thyristor
(261) and to control a second conductance state of the second
thyristor (263) such that the first thyristor and the second
thyristor provide a rectified AC voltage between the first DC
output terminal (267) and the second DC output terminal (268)
as the output voltage,

wherein the gate control circuit has a current signal
input terminal (233) for receiving a current signal indica-
tive of a current flowing from the first AC input terminal
(255) through the first thyristor (261) to the first DC out-
put terminal (267),

wherein the control circuit is arranged and connected to
control, based on the current signal, the first conductance

state of the first thyristor.

2. Rectifier stage according to claim 1, further comprising:
a current transformer (227, 229) arranged for sensing
the current flowing from the first AC input terminal through

the first thyristor for providing the current signal.

3. Rectifier stage according to claim 1 or 2, wherein the

first conductance state is controlled by the gate control
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circuit to be non-conducting, if the current signal indicates

that the current is above a current threshold.

4., Rectifier stage according to claim 3, wherein the current
signal is further indicative of a further current flowing
from the second AC input terminal through the second thyris-

tor to the first DC output terminal.

5. Rectifier stage according to claim 4, wherein, if the cur-
rent signal indicates that the current and/or the further
current is below the current threshold, the gate control cir-
cuit (272) controls the first conductance state and the sec-
ond conductance state such that an amplitude of the rectified
AC voltage is constant upon varying an amplitude of the input

AC-voltage.

6. Rectifier stage according to one of the preceding claims,
wherein the gate control circuit (272) has a further input
terminal (228) for electrically or optically receiving infor-
mation about a variable speed drive (223) which receives
electric energy via the rectifier stage (251), wherein the
first conductance state is controlled by the gate control
circuit to be non-conducting, if the information about the
variable speed drive indicates an error relating to the vari-

able speed drive.

7. Rectifier stage according to one of the preceding claims,
wherein the gate control circuit (272) is adapted to control
the first conductance state and the second conductance state
in order to adjust the amplitude of the rectified AC voltage
to deviate less than 10 %, in particular less than 5 %, fur-
ther in particular less than 2 %, from a target amplitude of
the rectified AC voltage, when the amplitude of the input AC
voltage deviates from a nominal amplitude of the input AC

voltage in a range between 10 % and 30 %, in particular be-

tween 20 % and 30 %.
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8. Rectifier stage according to one of the preceding claims,
further comprising:

a capacitor (274) connected between the first DC output
terminal (267) and the second DC output terminal (268) for
smoothing the rectified AC voltage to generate an output DC
voltage as the output voltage,

wherein the gate control circuit (272) is in particular
adapted to control the first conductance state and the second
conductance state in order to adjust the output DC voltage to
deviate less than 10 %, in particular less than 5 %, further
in particular less than 2 %, from a target output DC voltage,
when the amplitude of the input AC voltage deviates from a
nominal amplitude of the input AC voltage in a range between

10 % and 40 %, in particular between 20 % and 40 %.

9. Rectifier stage according to one of the preceding claims,
further comprising:

another first thyristor (262) or a first diode connected
between the first DC output terminal and the second DC output
terminal in series with the first thyristor (261) and con-
nected to the first AC input terminal (255), the first AC in-
put terminal being connected between the first thyristor and
the other first thyristor or the first diode; and

another second thyristor (264) or a second diode con-
nected between the first DC output terminal and the second DC
output terminal in series with the second thyristor (263) and
connected to the second AC input terminal (257), the second
AC input terminal being connected between the second thyris-
tor and the other second thyristor or the second diode,

wherein the gate control circuit is further adapted and
connected to control another first conductance state of the
other first thyristor and to control another second conduc-
tance state of the other second thyristor such that the first
thyristor, the second thyristor, the other first thyristor
and the other the second thyristor together provide the rec-
tified AC voltage between the first DC output terminal and

the second DC output terminal.
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10. AC-AC converter (250, 950) for converting an input AC-
voltage to an output AC-voltage, the AC-AC converter compris-
ing:

a rectifier stage (251) according to one of the preced-
ing claims; and

a AC-converter stage (253) connected between the first
DC output terminal and the second DC output terminal of the
rectifier stage and comprising a first AC output terminal
(284) and a second AC output terminal (285), the AC-converter
stage being adapted to convert the output voltage, in par-
ticular the output DC voltage, generated by the rectifier
stage to the output AC voltage between the first AC output
terminal and the second AC output terminal,
wherein the AC-converter stage in particular comprises:

a first controllable switch (280), in particular a first
IGBT, connected to the first DC output terminal and to the
second DC output terminal; and

a second controllable switch (282), in particular a sec-
ond IGBT, connected to the first DC output terminal and to
the second DC output terminal,

wherein the first controllable switch (280) is connected
to the first AC output terminal (284),

wherein the second controllable switch (282) is con-

nected to the second AC output terminal (285).

11. Converter arrangement (991,992,993) comprising a plural-
ity of AC-AC converters (950) according to claim 10, the AC-
AC converters (950) being connected in a series, wherein a
second AC output terminal (985) of one of the plurality of
the AC-AC converters is connected to a first AC output termi-
nal (984) of a next AC-AC converter of the plurality of the

AC-AC converters in the series, respectively.

12. Power supply arrangement (990) comprising a first con-
verter arrangement (991) according to claim 11 and a second
converter arrangement (992) according to claim 11,

wherein a first AC output terminal (984) of a first AC-

AC converter in the series of the first converter arrangement
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is connected to a first AC output terminal (984) of a first
AC-AC converter in the series of the second converter ar-
rangement,

wherein a second AC output terminal (985) of a last AC-
AC converter in the series of the first converter arrangement
and a second AC output terminal (985) of a last AC-AC con-
verter in the series of the second converter arrangement are

connectable to a load (123, 994), in particular a motor.

13. Subsea power grid (100), comprising:

a power cable (111), in particular having a length be-
tween 100 km and 300 km, leading from above a sea level to a
depth between 1000 m and 2000 m, in particular between 3000 m
and 2000 m, below the sea level for supplying electric energy
utilizing AC voltage to a subsea equipment; and

at least one rectifier stage (251) according to one of
claims 1 to 9, the AC voltage being applied between the first
AC input terminal and the second AC input terminal of the
rectifier stage, and/or

at least one AC-AC converter (250, 950) according to one
of claims 10 and/or

at least one converter arrangement (991, 992, 993) ac-
cording to claim 11 and/or

at least one power supply arrangement (990) according to

claim 12.

14. Method for converting an input AC voltage to an output
voltage, the method comprising:

applying the input AC voltage between a first AC input
terminal and a second AC input terminal;

controlling a first conductance state of a first thyris-
tor and controlling a second conductance state of a second
thyristor such that the first thyristor and the second thy-
ristor provide a rectified AC voltage between a first DC out-
put terminal and a second DC output terminal as the output

voltage:
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receiving a current signal indicative of a current flow-
ing from the first AC input terminal through the first thy-
ristor to the first DC output terminal; and

controlling, based on the current signal, the first con-
ductance state of the first thyristor,

wherein the first thyristor is connected between the
first DC output terminal and the second DC output terminal
and is connected to the first AC input terminal,

wherein the second thyristor is connected between the
first DC output terminal and the second DC output terminal

and is connected to the second AC input terminal.

15. Method according to claim 14, further comprising:
converting the output voltage generated between the
first DC output terminal and the second DC output terminal to

an output AC voltage;

connecting a load to the output AC voltage,
wherein the controlling step is performed by a gate control
circuit, the gate control circuit being part of a variable
speed drive which comprises a variable speed drive control-
ler, the gate control circuit having a further input terminal
connected to an output terminal of the variable speed drive

controller.
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