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(57) Abstract: A plant for transmitting electric power through HVDC comprises two converter stations (101, 102) interconnected
by a bipolar direct voltage network (103) and each connected to an alternating voltage network (104, 105). Each converter station
has a Voltage Source Converter with switching cells each including at least one energy storing capacitor. The Voltage Source
Converters are configured to utilize a direct voltage having a higher magnitude for a first of the poles than for a second thereof
with respect to ground.
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A plant for transmitting electric power

TECHNICAL FIELD OF THE INVENTION AND BACKGROUND
ART

The present invention relates to a plant for transmitting electric
power through High Voltage Direct Current (HVDC) comprising
two converter stations interconnected by a bipolar direct voltage
network and each connected to an alternating voltage network
for feeding electric power from one of said alternating voltage
networks to the other, each converter station having a Voltage
Source Converter having at least one phase leg connecting to
opposite poles of the direct voltage side of the converter and
comprising a series connection of switching cells, each said
switching cell having on one hand at least two semiconductor
assemblies connected in series and having each a semicon-
ductor device of turn-off type and a free-wheeling diode con-
nected in parallel therewith and on the other at least one energy
storing capacitor, a phase output of the converter being config-
ured to be connected to an alternating voltage side of the con-
verter being formed between two switching cells along said se-
ries connection of switching cells, each said switching cell being
configured to obtain two switching states by control of said
semiconductor devices of each switching cell, namely a first
switching state and a second switching state, in which the volt-
age across said at least one energy storing capacitor and a zero
voltage, respectively, is applied across the terminals of the
switching cell, for obtaining a determined alternating voltage on
said phase output.

It is possible that one of the converter stations always functions
as rectifier, i.e. electric power is fed from the alternating voltage
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network connected to this station and to the other converter
station operating as inverter and through this to the alternating
voltage network connected to the converter station last men-
tioned. This would be the case if the alternating voltage network
connected to the converter station first mentioned is a part of a
plant for generating electric power, such as a wind power park.
However, it is also conceivable that the feeding of electric power
between the two converter stations may change, so that the
converter stations may change from an operation as rectifier to
inverter and conversely.

The converters in said stations may have any number of said
phase legs, but they have normally three such phase legs for
having a three phase alternating voltage on the alternating volt-
age side thereof.

A Voltage Source Converter of this type may be used in all kinds
of situations, in which direct voltage is to be converted into al-
ternating voltage and conversely, in which examples of such
uses are in stations of HVDC-plants (High Voltage Direct Cur-
rent), in which direct voltage is normally converted into a three-
phase alternating voltage or conversely, or in so-called back-to-
back stations in which alternating voltage is firstly converted
into direct voltage and this is then converted into alternating
voltage, as well as in SVCs (Static Var Compensator), in which
the direct voltage side consists of capacitors hanging freely.

A Voltage Source Converter of this type is known through for
example DE 101 03 031 A1 and WO 2007/023064 A1 and is as
disclosed there normally called a multi-cell converter or M2LC.
Reference is made to these publications for the functioning of a
converter of this type. Said switching cells of the converter may
have other appearances than those shown in said publications,
and it is for instance possible that each switching cell has more
than one said energy storing capacitor, as long as it is possible
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to control the switching cell to be switched between the two
states mentioned in the introduction.

The present invention is directed to such Voltage Source Con-
verters configured to transmit high powers. When such a Volt-
age Source Converter is used to transmit high powers this also
means that high voltages are handled, and the voltage of the
direct voltage side of the converter is determined by the volt-
ages across said energy storing capacitors of the switching
cells. This means that a comparatively high number of such
switching cells are to be connected in series for a high number
of semiconductor devices, i.e. said semiconductor assemblies
are to be connected in series in each said switching cell, and a
Voltage Source Converter of this type is particularly interesting
when the number of the switching cells in said phase leg is
comparatively high. A high number of such switching cells con-
nected in series means that it will be possible to control these
switching cells to change between said first and second switch-
ing state and by that already at said phase output obtain an al-
ternating voltage being very close to a sinusoidal voltage. This
may be obtained already by means of substantially lower
switching frequencies than typically used in known Voltage
Source Converters of the type shown in Fig 1 in DE 101 03 031
A1 having switching cells with at least one semiconductor device
of turn-off type and at least one free- wheeling diode connected
in anti-parallel therewith. This makes it possible to obtain sub-
stantially lower losses and also considerably reduces problems
of filtering and harmonic currents and radio interferences, so
that equipment therefor may be less costly.

Accordingly, a plant for transmitting electric power through
HVDC having converter stations with such Voltage Source Con-
verters of M2LC-type has a number of advantages.
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SUMMARY OF THE INVENTION

The object of the present invention is to provide a plant of the
type defined in the introduction being improved in at least some
aspect with respect to such plants already known.

This object is according to the invention obtained by providing
such a plant, in which said voltage source converters are con-
figured to utilize a direct voltage having a higher magnitude for
a first of the poles than for a second thereof with respect to
ground and by that being asymmetric with respect to ground for
creating said alternating voltage on said phase output of the re-
spective converter.

By utilizing such an asymmetry on the direct voltage side of the
converters cheaper cables or overhead lines may be used for
said direct voltage network of the plant. Thus, the present in-
vention resides in a combination of low loss converters of the
M2LC type and cheap transmission lines in a plant for transmit-
ting electric power through HVDC. This constitutes a remarkable
improvement with respect to such plants already known.

According to an embodiment of the invention said converters are
configured to utilize said direct voltage of magnitude being at
least three times higher for said first pole than said voltage
magnitude of said second pole. This makes it possible to utilize
a less costly conductor for said second pole than for the first
pole and by that to save costs.

According to another embodiment of the invention said
converters are configured to utilize said direct voltage of a mag-
nitude being at least five times higher for said first pole than
said voltage magnitude of said second pole, and according to a
still further embodiment of the invention said converters are
configured to utilize said direct voltage of a magnitude being at
least 5 to 20, preferably 5 to 10 times, higher for said first pole
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than said voltage magnitude of said second pole. These em-
bodiments allow a considerable saving of costs for the transmis-
sion line constituting said direct voltage network of the plant.

According to another embodiment of the invention said
converters are configured to utilize said direct voltage for said
second pole of a magnitude being less than 1% of said voltage
magnitude of said first pole, i.e. said second pole is at a poten-
tial close to ground. Such an asymmetric operation of the Volt-
age Source Converters opens up for a considerable saving of
costs for the transmission line in different ways constituting
further embodiments of the present invention discussed below.

According to another embodiment of the invention said bipolar
direct voltage network comprises one high voltage pole con-
ductor configured to form said first pole interconnecting the two
converter stations and one low voltage pole conductor config-
ured to form said second pole interconnecting said converter
stations. Costs may be saved by utilizing a low voltage pole
conductor for forming said second pole of the transmission line.

According to another embodiment of the invention said direct
voltage network comprises a line forming said two poles inter-
connecting said two converter stations, and said line has an in-
ner central high voltage conductor forming said first pole and an
outer low voltage conductor forming said second pole surround-
ing said high voltage conductor and being separated therefrom
by an insulating layer. Said line may be an overhead line or a
cable buried in the ground or in the sea, and in the latter case
the outer low voltage conductor has to be surrounded by an in-
sulating layer. Accordingly, costs are saved by having only one
line for said bipolar direct voltage network, in which current is
flowing in said inner central high voltage conductor from one
station to the other and then a return current is flowing in the
opposite direction in the outer low voltage conductor.



10

15

20

25

30

35

WO 2009/149742 PCT/EP2008/057153

According to another embodiment of the invention the cross-
section area of the low voltage conductor is 1 to 2 times,
preferably 1 to 1.5 times, the cross-section area of the central
high voltage conductor. This is necessary, since the low voltage
conductor may be manufactured of a less costly material than
the high voltage conductor and has to take a current of the same
level as the high voltage conductor.

According to another embodiment of the invention said bipolar
direct voltage network comprises a high voltage pole conductor
configured to form said first pole, and the direct voltage network
is configured to utilize the ground as current return path for
forming said second pole. It is also possible to utilize seawater
surrounding a cable to which said high voltage conductor be-
longs as a current return path for forming said second pole. In
both these cases only one high voltage conductor is to be used
for the direct voltage network interconnecting the stations.

According to another embodiment of the invention the number of
the switching cells of said phase leg of the Voltage Source Con-
verters is 24, 212, 230 or =50. A converter of the type used in a
plant according to the invention is particularly interesting when
the number of switching cells of a said phase leg is rather high
resulting in a high number of possible levels of the voltage
pulses delivered on said phase output.

According to another embodiment of the invention said semi-
conductor device of the switching cell assemblies are IGBTs (In-
sulated Gate Bipolar Transistor), IGCTs (Integrated Gate Com-
mutated Thyristor) or GTOs (Gate Turn-Off Thyristor). These are
suitable semiconductor devices for such converters, although
other semiconductor devices of turn-off type are also conceiv-
able.

According to another embodiment of the invention said Voltage
Source Converters of the plant are configured to have a direct
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voltage across said two poles being between 1 kV and 1200 kV
or between 10 kV and 1200 kV or between 100 kV and 1200 kV.
The invention is the more interesting the higher said direct
voltage is.

According to another embodiment of the invention the plant is
configured to conduct a direct current of 200 A to 10 kKA, or 1 kA
to 7 kA, through said direct voltage network from one converter
station to the other. These are currents suitable and possible to
be handled by a plant according to the present invention.

Further advantages as well as advantageous features of the in-
vention will appear from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows a de-
scription of embodiments of the invention cited as examples.

In the drawings:

Fig 1 is a very simplified view of a Voltage Source Con-
verter of the type used in a plant according to the
present invention,

Figs 2 and 3 illustrate two different known switching cells, which
may be a part of a Voltage Source Converter in a
plant according to the present invention,

Fig 4 is a simplified view very schematically illustrating a
Voltage Source Converter in a plant according to
the present invention,

Fig 5 is a very schematic view illustrating a plant accord-
ing to a first embodiment of the invention,
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8
Fig 6 is a simplified cross-section view of a cable used
as direct voltage network in a plant according to
Fig 5, and
Fig 7 is a view similar to Fig 5 of a plant according to a

second embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVEN-
TION

Fig 1 illustrates very schematically the general construction of a
Voltage Source Converter 1 of the type used in a HVDC plant
according to the present invention. This converter has three
phase legs 2-4 connected to opposite poles 5, 6 of a direct
voltage side of the converter, i.e. a direct voltage network for
transmitting high voltage direct current. Each phase leg com-
prises a series connection of switching cells 7 indicated by
boxes, in the present case 16 to the number, and this series
connection is divided into two equal parts, an upper valve
branch 8 and a lower valve branch 9, separated by a point 10-12
forming a phase output being configured to be connected to an
alternating voltage side of the converter. The phase outputs 10-
12 may possibly through a transformer connect to a three phase
alternating voltage network, load, etc. Filtering equipment is
also arranged on said alternating voltage side for improving the
shape of the alternating voltage on said alternating voltage side.

A control arrangement 13 is arranged for controlling the switch-
ing cells 7 and by that the converter to convert direct voltage
into alternating voltage and conversely.

The Voltage Source Converter has switching cells 7 of the type
having on one hand at least two semiconductor assemblies with
each a semiconductor device of turn-off type, and a free-wheel-
ing diode connected in parallel therewith and on the other at
least one energy storing capacitor, and two examples 7, 7’ of
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such switching cells are shown in Fig 2 and Fig 3. The terminals
14, 15 of the switching cells are adapted to be connected to
adjacent switching cells in the series connection of switching
cells forming a phase leg. The semiconductor devices 16, 17 are
in this case IGBTs connected in parallel with diodes 18, 19.
Although only one semiconductor device and one diode is shown
per assembly these may stand for a number of semiconductor
devices and diodes, respectively, connected in parallel for
sharing the current flowing through the assembly. An energy
storing capacitor 20 is connected in parallel with the respective
series connection of the diodes and the semiconductor devices.
One terminal 14 is connected to the mid point between the two
semiconductor devices as well as the mid point between the two
diodes. The other terminal 15 is connected to the energy storing
capacitor 20, in the embodiment of Fig 2 to one side thereof and
in the embodiment according to Fig 3 to the other side thereof. It
is pointed out that each semiconductor device and each diode
as shown in Fig 2 and Fig 3 may be more than one connected in
series for being able to handle the voltages to be handled, and
the semiconductor devices so connected in series may then be
controlled simultaneously so as to act as one single semicon-
ductor device.

The switching cells shown in Fig 2 and Fig 3 may be controlled
to obtain one of a) a first switching state and b) a second
switching state, in which for a) the voltage across the capacitor
20 and for b) a zero voltage is applied across the terminals 14,
15. For obtaining the first state in Fig 2 the semiconductor de-
vice 16 is turned on and the semiconductor device 17 turned off
and in the embodiment according to Fig 3 the semiconductor
device 17 is turned on and the semiconductor 16 is turned off.
The switching cells are switched to the second state by chang-
ing the state of the semiconductor devices, so that in the em-
bodiment according to Fig 2 the semiconductor device 16 is
turned off and 17 turned on and in Fig 3 the semiconductor de-
vice 17 is turned off and 16 turned on.
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Fig 4 shows a little more in detail how the phase leg 2 of the
converter according to Fig 1 is formed by switching cells of the
type shown in Fig 3, in which totally ten switching cells have
been left out for simplifying the drawing. The control arrange-
ment 13 is adapted to control the switching cells by controlling
the semiconductor devices thereof, so that they will either
deliver a zero voltage or the voltage across the capacitor to be
added to the voltages of the other switching cells in said series
connection. A transformer 21 and filtering equipment 22 are
here also indicated. It is shown how each valve branch is
through a phase reactor 50, 51 connected to the phase output
10, and such phase reactors should also be there in Fig 1 for
the phase outputs 10, 11 and 12, but have there been left out
for simplifying the illustration.

In a plant for transmitting electric power through High Voltage
Direct Current (HVDC) according to the present invention the
Voltage Source Converters of the type shown in Fig 4 are con-
figured to utilize a direct voltage having a higher magnitude for
a first 5 of the poles then for a second 6 thereof with respect to
ground and by that being asymmetric with respect to ground for
creating said alternating voltage on said phase output of the re-
spective converter. Such an asymmetry of the converter with re-
spect to the difference of the potentials of said poles with re-
spect to ground may be achieved in different ways. The two
capacitors 52, 53 on both sides of the ground connection in the
converter shown in Fig 4 indicates that the potential of the two
poles 5, 6 will be symmetrical with respect to ground or earth,
but that is not the case here.

Fig 5 very schematically illustrates a plant 100 for transmitting
electric power through High Voltage Direct Current comprising
two converter stations 101, 102 interconnected by a bipolar di-
rect voltage network 103 and each connected to an alternating
voltage network 104, 105 for feeding electric power from one of
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said alternating voltage networks to the other. Each converter
station has a Voltage Source Converter 106, 107 of the type de-
scribed above.

The direct voltage network 103 of this plant comprises a single
line 108, such as an overhead line or a cable, forming the two
poles 5, 6 interconnecting the two converter stations 101, 102.
The voltage source converters are configured to utilize a direct
voltage having a higher amplitude for the first pole 5 than for the
second pole 6 with respect to ground and by that being asym-
metric with respect to ground for creating the alternating voltage
on the phase output of the respective converter. Reference is
now also made to Fig 6. The first pole is in the present case
formed by an inner central high voltage conductor 109, which
may have a voltage of 50 kV — 1000 kV with respect to ground,
whereas the second pole is formed by a low voltage conductor
110 surrounding the high voltage conductor and being separated
therefrom by an insulating layer 111. The low voltage conductor
has a much lower voltage with respect to ground than the first
voltage conductor and may preferably have a potential close to
ground potential. The insulating layer 111 has to be thick
enough for withstanding the voltage thereacross.

The cross-section area of the low voltage conductor 110 is 1-2
times, preferably 1-1.5 times, the cross-section area of the
central high voltage conductor 109. The low voltage conductor
may by this be made of a less costly material than the high
voltage conductor.

It is shown in Fig 6 how a thin further insulating layer 112 is ap-
plied around the low voltage conductor when this is a cable to
be buried in the ground or in the sea.

A transmission line of the type illustrated in Figs 5 and 6 may be
manufactured to a lower cost than bipolar symmetric transmis-
sion lines.
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A plant according to a second embodiment of the present inven-
tion is schematically illustrated in Fig 7. This plant differs from
the plant shown in Fig 5 by the fact that the bipolar direct volt-
age network comprises one high voltage pole conductor 109’
configured to form the first pole interconnecting the two con-
verter stations 101, 102 and a low voltage pole conductor 110’
configured to form the second pole interconnecting the converter
stations. Thus, the respective converter is configured to utilize a
voltage of a magnitude being higher for the pole conductor 109’
with respect to ground than the pole conductor 110, such as
preferably at least three times higher, at least five times higher,
5-20, preferably 5-10 times higher. The potential may for in-
stance be +125 kV for the high voltage pole conductor 109’ and
-25 kV for the low voltage pole conductor 110°. The low voltage
conductor may by this be made to a considerably lower cost
than the high voltage conductor. The conductors 109’ and 110’
may be surrounded by an insulation and belong to a cable, such
as a PEX-cable, or they may constitute overhead lines.

The asymmetry with respect to the voltage on the direct voltage
side of the converters in a plant according to the present inven-
tion also makes it possible to utilize ground or seawater as the
low voltage pole for forming a return path of the current from
one of the converter stations to the other.

The invention is of course not in any way restricted to the em-
bodiments described above, but many possibilities to modifica-
tions thereof will be apparent to a person with ordinary skill in
the art without departing from the scope of the invention as
defined in the appended claims.

As already stated, the Voltage Source Converters in a plant ac-
cording to the present invention may have other appearances
than shown in the Figures.
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CLAIMS

1. A plant for transmitting electric power through High Voltage
Direct Current (HVDC) comprising two converter stations (101,
102) interconnected by a bipolar direct voltage network (103)
and each connected to an alternating voltage network (104, 105)
for feeding electric power from one of said alternating voltage
networks to the other, each converter station having a Voltage
Source Converter (106, 107) having at least one phase leg (2-4)
connecting to opposite poles (5, 6) of the direct voltage side of
the converter and comprising a series connection of switching
cells (7, 7°), each said switching cell having on one hand at
least two semiconductor assemblies connected in series and
having each a semiconductor device (16, 17) of turn-off type and
a free-wheeling diode (18, 19) connected in parallel therewith
and on the other at least one energy storing capacitor (20), a
phase output (10-12) of the converter being configured to be
connected to an alternating voltage side of the converter being
formed between two switching cells along said series connection
of switching cells, each said switching cell being configured to
obtain two switching states by control of said semiconductor de-
vices of each switching cell, namely a first switching state and a
second switching state, in which the voltage across said at least
one energy storing capacitor and a zero voltage, respectively, is
applied across the terminals of the switching cell, for obtaining a
determined alternating voltage on said phase output, charac-
terized in that said Voltage Source Converters are configured to
utilize a direct voltage having a higher magnitude for a first (5)
of the poles than for a second (6) thereof with respect to ground
and by that being asymmetric with respect to ground for creating
said alternating voltage on said phase output of the respective
converter.

2. A plant according to claim 1, characterized in that said
Voltage Source Converters (106, 107) are configured to utilize
a said direct voltage of a magnitude being at least three times
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higher for said first pole (§) than said voltage magnitude of said
second pole (6).

3. A plant according to claim 1, characterized in that said
Voltage Source Converters (106, 107) are configured to utilize
said direct voltage of a magnitude being at least five times
higher for said first pole (5) than said voltage magnitude of said
second pole (6).

4. A plant according to claim 1, characterized in that said
Voltage Source Converters (106, 107) are configured to utilize
said direct voltage of a magnitude being 5 to 20, preferably 5 to
10, times higher for said first pole (5) than said voltage mag-
nitude of said second pole (6).

5. A plant according to claim 1, characterized in that said
Voltage Source Converters (106, 107) are configured to utilize
said voltage for said second pole (6) of a magnitude being less
than 1% of said voltage magnitude of said first pole (5), i.e. said
second pole (6) is at a potential close to ground.

6. A plant according to any of the preceding claims, charac-
terized in that said bipolar direct voltage network (103)
comprises one high voltage pole conductor (109, 109)
configured to form said first pole (5) interconnecting the two
converter stations (101, 102) and one low voltage pole
conductor (110, 110’) configured to form said second pole (6)
interconnecting said converter stations.

7. A plant according to any of the preceding claims, charac-
terized in that said direct voltage network comprises a line (108)
forming said two poles (5, 6) interconnecting said two converter
stations (101, 102), and that said line has an inner central high
voltage conductor (109) forming said first pole and an outer low
voltage conductor (110) forming said second pole surrounding
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said high voltage conductor and being separated therefrom by
an insulating layer (111).

8. A plant according to claim 7, characterized in that the cross-
section area of said low voltage conductor (110) is 1 to 2 times,
preferably 1 to 1.5 times, the cross-section area of the central
high voltage conductor (109).

9. A plant according to claim 7 or 8, characterized in that said
outer low voltage conductor (110) is surrounded by an insulating
layer (111).

10. A plant according to claim 5, characterized in that said bi-
polar direct voltage network comprises a high voltage pole con-
ductor (109) configured to form said first pole (5), and that the
direct voltage network is configured to utilize the ground as cur-
rent return path for forming said second pole (6).

11. A plant according to claim 5, characterized in that said bi-
polar direct voltage network comprises a high voltage pole con-
ductor (109) configured to form said first pole, and that the di-
rect voltage network is configured to utilize seawater surround-
ing a cable to which said high voltage pole conductor belongs as
a current return path for forming said second pole.

12. A plant according to any of the preceding claims, charac-
terized in that the number of the switching cells (7, 7’) of said
phase leg of the Voltage Source Converters (106, 107) is 24,
=12, 230 or =250.

13. A plant according to any of the preceding claims, charac-
terized in that said semiconductor devices (16, 17) of the
switching cell assemblies are IGBTs (lnsulated Gate Bipolar
Transistor), IGCTs (Integrated Gate Commutated Thyristor) or
GTOs (Gate Turn-Off Thyristor).
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14. A plant according to any of the preceding claims, charac-
terized in that said Voltage Source Converters (106, 107)
thereof are configured to have a direct voltage across said two
poles being between 1 kV and 1200 kV or between 10 kV and
1200 kV or between 100 kV and 1200 kV.

15. A plant according to any of the preceding claims, charac-
terized in that it is configured to conduct a direct current of 200
A to 10 kA, or 1 kA to 7 kA, through said direct voltage network
from one converter station to the other.
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