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Description

Technical field

[0001] The present invention relates to the field of power conversion, and in particular to the conversion between a
DC power and an AC power of two or more phases.

Background

[0002] High Voltage Direct Current (HVDC) transmission of power has proved to be an efficient alternative to Alternating
Current (AC) transmission in many power transmission situations. Typically, in an HVDC power transmission system,
an AC/DC converter operating as a rectifier connects an AC power source to one end of an HVDC transmission line,
and an AC/DC converter operating as an inverter connects the another end of the HVDC transmission line to an AC
grid. Several HVDC transmission lines may be interconnected to form an HVDC transmission network. The higher the
voltage used on an HVDC transmission line, the lower will the transmission losses be. Hence, a high voltage transmission
is often desirable, in particular when power is transmitted over longer distances. A high voltage across the HVDC
transmission line will allow for low-loss transmission of high power.
[0003] An AC/DC converter for connecting an AC grid or power source of two or more phases to a DC transmission
line typically has one phase leg per AC phase, where a phase leg is arranged to synthesize a sinusoidal voltage waveform
from a DC voltage. For high power applications, the phase legs of an AC/DC converter are typically connected in parallel
on the DC side.
[0004] However, in some applications, it might be desirable to connect an AC grid or power source of lower power to
an HVDC transmission line. The voltage withstanding requirements on an AC/DC converter interconnecting an AC
system of lower power to an HVDC transmission line will be the same as the voltage requirements on an AC/DC converter
interconnecting an AC system of higher power to the same HVDC transmission line, whereas the current with-standing
requirements will be lower.
[0005] In US6,519,169, an AC/DC converter having a series connection of phase legs is disclosed. By connecting the
phase legs in series, the voltage that each phase leg has to withstand for a particular DC voltage will be reduced compared
to an AC/DC converter wherein the phase legs are connected in parallel. For an AC/DC converter having a number P
of AC phases, the voltage withstanding requirement on each phase leg will be UDC/P, where UDC is the DC voltage at
the DC connection of the AC/DC converter. Thus, the component cost of the AC/DC converter will typically be reduced
by connecting the phases in series.
[0006] In US 2008/0205093, an AC/DC converter having a series connection of phase legs is proposed, where each
phase leg has two parallel cascades of series connected converter cells.
[0007] DE102004052454 discloses converter having a transformer with two primary windings and a secondary winding.
The first primary winding is connected parallel to a first branch circuit, while the second primary winding is connected
parallel to a second branch circuit. The two primary windings are connected in series.
[0008] In "A hybrid voltage source converter arrangement for HVDC power transmission and reactive power compen-
sation", by Feldman, R. et al, 5th IET International Conference on Power Electronics, Machines and Drives (PEMD
2010), January 2010, there is described a modular multilevel (M2C) hybrid voltage source converter intended for the
HVDC market. Operation of the converter is described for AC-DC power balance. The article also discusses a method
of controlling reactive power by introducing a triplen harmonic component.
[0009] WO0062409 discloses a VSC-converter for converting direct voltage into alternating voltage and conversely.
The VSC has at least two phase legs with each at least two current valves connected in series, said valves consisting
of at least a semiconductor element of turn-off type and a rectifying member connected in anti-parallel therewith. A
midpoint of the phase leg between the valves is adapted to form a phase output and be connected to a phase of an
alternating voltage network. The phase legs of the converter are connected in series, and opposite ends of the series
connection formed by an outer end of a respective outer phase leg in the series connection are intended to be connected
to a pole conductor each of a direct voltage network The present invention relates to the field of power conversion, and
in particular to the conversion between a DC power and an AC power of two or more phases.

Summary

[0010] An object of the present invention is to provide a cost-efficient AC/DC converter for high voltage applications
for which the power requirements are less strict, which is achieved by converters according to claim 1. One embodiment
provides an AC/DC converter comprising three phase legs connected in series between first and second DC connection
terminals of the AC/DC converter. Each phase leg comprises an AC connection having first and second terminals
arranged to connect the phase leg to a phase of an AC system; a phase branch comprising at least one converter cell



EP 2 569 858 B1

3

5

10

15

20

25

30

35

40

45

50

55

and having first and second branch end terminals; and a capacitor. The capacitor is connected between the first branch
end terminal and the first AC connection terminal, so that the capacitor forms a DC blocking capacitor; and the second
AC terminal is connected to the second branch end terminal. The series connection of the phase legs between first and
second DC connection terminal is such that a first series connection point in a phase leg is located between the first
branch end terminal and the capacitor, while a second series connection point is located between the second branch
end terminal and the second AC connection.
[0011] This embodiment provides an efficient AC/DC converter which can be obtained at reduced cost with maintained
performance compared to existing solutions. For example, the current rating of converter cell valves can be halved at
maintained power rating compared to an AC/DC converter having series connected phase legs, each having a single
phase branch and a parallel connected DC capacitor branch, and wherein an AC phase output is provided between the
midpoints of the phase branch and the DC capacitor branch (cf. US6,519,169).
[0012] Compared to an AC/DC converter having two parallel branches, the midpoints of which are connected to an
AC connection (cf. US 20008/0205093 == WO 2007/028349 A1) the number of valves required can be halved at main-
tained power rating, with maintained voltage rating of the valves. Thus, the total voltage rating of the AC/DC converter
disclosed herein can be halved compared to such known AC/DC converter.
[0013] The phase branch of a phase leg may comprise a cascade of series connected, independently switchable
converter cells, whereby a multilevel output voltage from the phase branch can be obtained. Less filtering of the output
AC voltage will thereby be required. A phase branch could include one such cascade, or a parallel connection of at least
two cascades. By a parallel connection, it is achieved that a higher current rating of the AC/DC converter can be obtained
with the same type of components in the converter cells.
[0014] The AC/DC converter could advantageously comprise a control system configured to control the switching of
the converter cells of the phase branch of a phase leg to provide a voltage according to the following expression between
the first and second series connections points of a phase leg: 

where k indicates the kth phase leg, k ∈ [1, P], P being the number of phases of the AC/DC converter 300;  denotes
a predetermined desired DC voltage between the first and second series connection points, where

 being the voltage between the DC connection terminals;  is a desired peak AC voltage
between the first and second connection points, t is time, ω is the desired angular frequency at the AC output and Θk is

the desired phase angle. Oftentimes, the predetermined DC voltage is set to UDC/P, by which is achieved that the phase
leg voltages will be balanced.
[0015] The AC/DC converter can for example comprise a voltage measurement device arranged to measure at least
one voltage from which the voltage across the capacitor of the phase leg may be obtained. The control system can then
advantageously be responsively connected to the voltage measurement device and configured to receive a signal from
the voltage measurement device from which the voltage across the DC-blocking capacitor may be obtained. In this
embodiment, the control system is configured to perform the control of the switching of the converter cells of the phase
branch in dependence of the received voltage measurement signal so that the DC voltage across the DC-blocking
capacitor of a phase leg corresponds to a predetermined capacitor DC voltage. Hereby can be achieved that no DC
currents will enter an AC system connected to the AC connections of the phase legs. Such predetermined capacitor DC
voltage often equals the predetermined DC voltage between the first and second series connection points mentioned
above, and can advantageously be set to UDC/P in order to have the phase leg voltages balanced.
[0016] The control system may furthermore be configured to receive a signal indicative of a zero sequence component
of the AC output voltage from the AC/DC converter; and to control the switching of at least one converter cell of the
AC/DC converter to mitigate DC side common mode harmonic current components which would otherwise be caused
by such zero sequence component. Such at least one converter cell could for example be the converter cells of the
phase branches of the phase legs, or at least one converter cell of an active filter connected in series with the phase
legs between the terminals of the DC connection. In the former case, if the AC connection of a phase leg is connected
to a first winding of a transformer in a Y connection, the neutral of the second winding of the transformer can advanta-
geously be connected to a grounded arrester, the neutral thus being floating. Hereby it is achieved that any voltage
generated at the AC connection by such zero sequence component mitigation will appear across the arrester, and will
hence not be transferred to the AC system.
[0017] The AC/DC converter may include further components, such as a passive filter, e.g. a reactor, connected in
the phase leg circuit between the first and second series connection points. In case of an excessive short circuit or earth
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fault current from an HVDC system to which the AC/DC converter is connected, it may be that the DC-blocking capacitor
may not be able to withstand the current, and that a current discharge through the DC-blocking capacitor, or via an
arrester, if any, occurs. By providing a passive filter in the phase leg circuit between the first and second series connection
points, the current increase rate, and thereby the damaging effect of such short circuit or earth fault currents, may be
reduced.
[0018] Such filter can for example be connected at the same side of the series connection points as the phase branch,
or at the same side of the series connection points as the capacitor. If such filter is connected on the same side as the
phase branch, the filter will contribute to the DC side reactance of the AC/DC converter. Such passive filter will for
example contribute to the mitigation of common mode currents originating from a non-zero zero sequence components.
[0019] The present invention furthermore relates to a method according to claim 15 of operating an AC/DC converter
according to claim 1. Further aspects of the invention are set out in the following detailed description and in the dependent
claims.

Brief description of the drawings

[0020]

Fig. 1 is a schematic illustration of an HVDC transmission system.
Fig. 2 is a schematic illustration of a three phase AC/DC converter not falling under the scope of the claims,

wherein the phase legs are connected in parallel.
Fig. 3 is a schematic illustration of an embodiment of a three phase AC/DC converter wherein, for each phase,

a DC-blocking capacitor is connected in series with the AC connection, such series connection being
connected in parallel with a phase branch of converter cells.

Fig. 4a is a schematic illustration of an embodiment of a three phase AC/DC converter according Fig. 3 wherein
a phase branch comprises a single converter cell.

Fig. 4b is a schematic drawing of an embodiment of a phase leg wherein a phase branch comprises a cascade of
half-bridge converter cells.

Fig. 4c is a schematic illustration of an embodiment of a phase leg wherein a phase branch comprises a cascade
of full-bridge converter cells.

Fig. 5 is a schematic illustration of an embodiment of the AC/DC converter of Fig. 3, wherein an arrester has been
connected to protect each of the DC-blocking capacitors as well as each of the phase branches from over
voltages.

Fig. 6 is a schematic illustration of an AC/DC converter including a control system configured to control the
switching of the valves of the AC/DC converter.

Fig. 7 is a schematic illustration of an embodiment of a phase leg wherein a voltage measurement device is
connected to measure the voltage across the DC-blocking capacitor, and to send a signal indicative of
such measurements to a control system.

Fig. 8 is a schematic illustration of an embodiment of a control system configured to control the switching of the
valves of a phase leg, whereby the voltage across the DC-blocking converter can be controlled.

Fig. 9 is a schematic illustration of an embodiment of the AC/DC converter of Fig. 3, wherein the AC connection
of each phase is connected to a transformer, and wherein the neutrals of the AC-side transformer windings
are arranged to be floating.

Fig. 10a is a schematic illustration of an embodiment of the AC/DC converter of Fig. 3, wherein an active filter is
connected in series with the phase legs.

Fig. 10b-f are schematic illustrations of different embodiments of the active filter shown in Fig. 10a.
Fig. 11 is a schematic illustration of a phase leg having a passive filter connected in series with the phase branch.
Fig. 12 is a schematic illustration of a phase leg having a passive filter connected in series with the DC-blocking

capacitor and the AC connection.

Detailed description

[0021] Fig. 1 illustrates an example of an HVDC transmission system 100, wherein three AC/DC converters 105/300
are shown to be interconnected via HVDC transmission lines 110. To each of the AC/DC converters 105/300 is connected
an AC system 115. An AC system 115 can be an AC grid to which power is provided via the HVDC transmission lines
110, or an AC power source providing power to be transmitted via HVDC transmission lines 110. An AC system 115
could for example be arranged so that it can be an AC power source at one time, and an AC grid at another time. In
such configuration, the AC/DC converter 105/300 to which the AC system 115 is connected would be a bidirectional
converter arranged to be able to operate as either an inverter or a rectifier.
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[0022] HVDC transmission system 100, or HVDC system 100 for short, is shown to be a monopolar system, where
grounded electrode lines 120 are used for the return current. However, HVDC system 100 of Fig. 1 is shown as an
example only. The present technology is equally applicable to a bipolar HVDC transmission system 100 where additional
transmission lines 110 are used for the return current. Furthermore, the present technology is applicable to any power
system having any number M of AC/DC converters, including M=1.
[0023] While the different AC/DC converters 105/300 connecting the different AC systems 115 to the HVDC transmis-
sion lines 110 are typically subject to the same DC voltage, the power requirements of the different AC systems 115
interconnected by the HVDC transmission lines 110 may vary. For example, one of the AC/DC converters 105/300 of
Fig. 1 could be a converter 105/300, used to transfer a low or mid-sized power to or from an HVDC transmission line
110 which interconnects main, high power, AC/DC converters 105/300 of the HVDC system 100.
[0024] Although the power requirements may be lower for some of the AC/DC converters 105/300 of an HVDC system
100, all AC/DC converters 105/300 within an HVDC system 100 must typically be designed to withstand the full DC
voltage of the HVDC transmission lines 110. An AC/DC converter 105/300 of two or more phases typically comprises
one phase leg per AC phase of the AC system 115, where a phase leg is capable of synthesizing a sinusoidal voltage
waveform from a DC voltage. An often used configuration of a three-phase AC/DC converter 105 is shown in Fig. 2,
where three phase legs 200 are connected in parallel with a capacitor 205, over which a DC voltage may be applied via
DC connection 207. The three phase legs 200 of Fig. 2 are denoted phase legs 200i, 200ii and 200iii, respectively. A
phase leg 200 of AC/DC converter 105 of Fig. 2 comprises two series connected valve units 215, as well as an AC
connection 210 at which the phase leg 200 provides or receives AC power (in Fig. 2, only one connector of AC connection
210 is shown, since, in the topology shown, the other end of the AC connection is grounded). The AC connection 210
is connected to the midpoint of the phase leg 200. The valve units 215 of a phase leg 200 may be controlled such that
a three phase AC voltage is synthesized from a DC voltage applied across the capacitor 205. In the parallel configuration
of Fig. 2, each phase leg 200 has to be designed to withstand the full DC voltage.
[0025] In US 6,519,169 and in US 2008/0205093, three phase AC/DC converters have been disclosed wherein the
phase legs of the AC/DC converter are connected in series. By connecting the phase legs in series, each phase leg will
only have to withstand a third of the full DC voltage. Hence, in terms of voltage withstanding capabilities, the components
of a phase leg in an AC/DC converter wherein the phase legs are connected in series can be of less costly design than
the components in the parallel connection topology of Fig. 2.
[0026] According to the present invention, an AC/DC converter is provided wherein at least two phase legs, each
having a phase branch comprising at least one switchable converter cell, are connected in series. The series of phase
legs are connected between first and second DC connection terminals of the AC/DC converter, and each phase leg is
provided with an AC connection. Each phase leg of the AC/DC converter further comprises a capacitor, which is connected
between the first branch end terminal and a first terminal of the AC connection, thus operating as a DC-blocking capacitor.
The second terminal of the AC connection is connected to the second branch end terminal. Hence, a series connection
of the DC blocking capacitor and the AC connection is connected in parallel to the phase branch, and the AC voltage
at the AC connection will basically correspond to the AC voltage provided across the entire phase branch of the phase
leg (minus the voltage drop across the DC-blocking capacitor). The series connection of the phase legs is such that a
first connection point in a phase leg is located between the first branch end terminal and the capacitor, while a second
connection point is located between the second branch end terminal and the second AC connection. A phase leg of the
AC/DC converter is equipped with a single phase branch.
[0027] A series connection of the phase legs as described in the preceding paragraph will hereinafter be referred to
as a series connection of the phase legs on the DC side of the AC/DC converter, or simply as a series connection of
the phase legs.
[0028] A series connection of the phase legs will result in a DC potential at the AC connections, where the difference
in DC potential between two adjacent phases will typically be UDC/P, UDC being the voltage across the DC connection
207 and P being the number of phases. In order to avoid that such DC potential is applied to the AC system 115, the
AC connection of each phase leg can typically be connected to a winding of a transformer, the transformer thus forming
a connection arranged to be connected to an AC system. Such transformer could advantageously be insulated to
withstand at least the DC voltage appearing at the AC connection 210 during normal operation.
[0029] By providing a parallel connection of the phase branch and a series connection of a DC blocking capacitor and
the AC connection, the maximum AC voltage across the AC connection can be doubled, using a single phase branch,
as compared to an AC/DC converter having a single branch wherein one terminal of the AC connection is provided at
the midpoint of the branch. Hence, the current rating of the components of the branch can, for a given AC power, be
half that of the components of a mid-point-connected AC/DC converter.
[0030] By connecting a DC-blocking capacitor in series with the AC connection of each phase leg, an AC phase output
that does not contain any DC component can be obtained by means of a single branch only. As compared to a AC/DC
converter having two parallel branches and wherein the terminals of the AC connection are connected at a midpoint of
the respective branches, the total voltage rating of the switching devices of a phase leg of the present AC/DC converter
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can, for a given DC voltage, be reduced to half, since only one branch is required. Thus, the total number of switching
devices and/or the voltage withstanding capability of the employed switching devices may be reduced with maintained
voltage rating of the AC/DC converter.
[0031] Fig. 3 schematically illustrates an example of a three phase AC/DC converter 300 having three phase legs 30li,
301ii and 301iii which are connected in series on the DC side between two poles of a DC connection 207, to which for
example HVDC transmission lines 110 can be connected. The AC/DC converter 300 further has one AC connection per
phase leg, denoted 210i, 210ii and 210iii, respectively, the AC connection having two AC connection terminals. When
referring to any one (or all) of the phase legs 301i, 301ii and 301iii, the common term phase leg 301 will be used; when
referring to any one (or all) of the AC connections 210i, 210ii and 210iii, the common term AC connection 210 is used,
and so forth.
[0032] Each phase leg 301 of Fig. 3 comprises a phase branch 303 having at least one converter cell. A phase branch
303 has two branch end connection terminals E at the respective ends of the phase branch 303. In each phase leg 301
of the AC/DC converter 300 of Fig. 3, the phase branch 303 is connected (via end connection terminals E) in parallel
with a series connection of a DC-blocking capacitor 305 and the AC connection 210.
[0033] The series connection of phase legs 301 between the two terminals of the DC connection 207 is such that a
first connection point P1 in a phase leg is located between the first branch end terminal E and the capacitor 305, while
a second connection point P2 is located between the second branch end terminal E and the second terminal of AC
connection 210.
[0034] In order to limit any fault currents occurring in an HVDC system 100 to which the AC/DC converter 300 is
connected, the AC/DC converter 300 could for example include a passive filter, including for example a reactor and
possibly further components, in series with the phase legs 301 and the poles of the DC connection 207. Such passive
filter, formed by a reactor 310, is shown in Fig. 3. A passive filter connected in series with the phase legs 301 and the
poles of the DC connection 207 will be referred to as a DC line filter 310, of which reactor 310, referred to as DC line
reactor 310, forms one embodiment.
[0035] A phase branch 303 can be formed of a single converter cell, or of a series connection of two or more inde-
pendently switchable converter cells arranged in a cascaded fashion. By using a cascade of series connected converter
cells it is achieved that multiple voltage levels can be obtained at the AC side of a phase leg 301, so that a more smooth
synthesization of an AC-voltage can be obtained than if a phase branch 303 formed from a single converter cell is used.
Thus, less filtering components will be required if the phase branch 303 comprises a cascade of converter cells than if
a single converter cell is used as the phase branch 303. Series connection of a set of independently switchable converter
cells in an AC/DC converter has been proposed in DE 10103031, where it was shown that a set of independently
switchable converter cells can provide multilevel switching.
[0036] The converter cells of a phase branch 303 can be half-bridge converter cells, full-bridge converter cells, or a
combination of half-bridge and full-bridge converter cells. Converter cells are well known in the art and will only be briefly
discussed here. A half-bridge converter cell comprises two series connected electric valve units 215 forming what may
be referred to as a cell element, which is connected in parallel with a cell capacitor in a half-bridge configuration. A full-
bridge converter cell comprises two such cell elements, both connected in parallel with a cell capacitor in a full-bridge,
or H-bridge, fashion. An electric valve 215 can advantageously include a unidirectional switch, or switch for short, and
an anti-parallel diode, where the unidirectional switch can be controlled to switch off, as well as to switch on.
[0037] Depending on the switching state of the valves 215 of a converter cell, the voltage across a converter cell can
take one of two (half-bridge cell) or three (full-bridge cell) different values. In a half-bridge converter cell, the two values
are 0 and +Uc, or 0 and -Uc, (depending on which of two equivalent half-bridge topologies is used), where Uc is the
voltage across the cell capacitor. In a full-bridge converter cell, the three values are +Uc, 0 and -Uc. The cell capacitor
of a converter cell serves a similar purpose to the capacitor 205 of the converter configuration shown in Fig. 2. The
switching state of a valve 215 of a converter cell can for example be controlled by a sending a switch control signal (e.g.
a Pulse Width Modulation (PWM) signal) to the switch of the valve 215. A drive unit is typically provided for sending
such switch control signals.
[0038] An example of an embodiment of a three-phase AC/DC converter 300 wherein a phase branch 303 comprises
a single converter cell 400 is shown in Fig. 4a. The converter cells 400 of the AC/DC converter 300 shown in Fig. 4a
are half-bridge cells 400. In the phase leg 301i of the AC/DC converter 300 of Fig. 4a, the converter cell 400, the cell
capacitor 405 and the two valves 215, each comprising a unidirectional switch and an anti-parallel diode, have been
indicated by reference numerals.
[0039] In Figs. 4b and 4c, examples of different embodiments of a phase legs 301 having a phase branch 303 comprising
a cascade 415 of independently switchable converter cells 400 are schematically shown. Two or more phase legs 301
as shown in Figs. 4b and 4c, respectively, could be series connected on the DC side to form an AC/DC converter 300.
In the example of Fig. 4b, the branch 303 comprises a cascade 415 of half-bridge converter cells 400. In Fig. 4c, the
branch 303 comprises a cascade 415 of full-bridge converter cells 400. In Figs. 4b and 4c, two converter cells 400 have
been shown for each phase branch 303, with a bold line 420 connecting the two converter cells 400, the bold line
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indicating that further converter cells 400 may be present in the cascade 415. In fact, a cascade 415 could include a
series connection of any number N(N ≥ 2) of half-bridge converter cells 400, or any number (N ≥ 2) of full-bridge converter
cells 400, or a combination of half-bridge and full-bridge converter cells 400.
[0040] Contact leads can be connected to a half bridge converter cell 400 according to two different topologies: either
across the "top" valve, or across the "bottom" valve (for an illustration of a half bridge converter pair comprising two half
bridge converter cells of different topology, see any one of Figs. 10b-10e). Furthermore, the valves of a half bridge
converter cell 400 can be of the same, or different, polarity. In a cascade 415, half-bridge cells 400 of the same, or
different, topology, and/or of the same, or different, polarity, may be used.
[0041] The use of half-bridge converter cells 400 of the same topology and same polarity in a phase branch 303 of
an AC/DC converter 300 is often more cost efficient than to use full-bridge converter cells 400, or half-bridge converter
cells of different topology and/or different polarity, since less components are required, and a non-zero switching state
of a first polarity is normally sufficient. Typically, if only converter cells capable of generating a voltage of the same
polarity are included in a phase branch 303, such as half-bridge converter cells 400 of the same topology and polarity,

the peak AC phase voltage UAC will be limited by  If full-bridge converter cells 400 are used, or pairs of
half-bridge converter cells 400 capable of generating a voltage of opposite polarity, this restriction does not apply.
[0042] In order to improve the current withstanding property of a phase branch 303, two or more cascades 415 could
be connected in parallel to form a single phase branch 303.
[0043] The AC/DC converters 300 of Figs. 4a-c are shown to include, for each phase, a transformer 410 which is
connected by one of its windings to the AC connection 210 of the phase leg 210. In a three phase AC/DC converter 300,
the neutrals of the transformers 410 could be connected in a Y-connection, as shown in Fig. 4a, where the Y-point could
be grounded, or floating as discussed in relation to Fig. 9. A Y-connection of the phases would result in less zero sequence
current than a Δ-connection, although a Δ-connection could also be contemplated.
[0044] An electric valve 215 is shown in Figs. 4a-c to include a unidirectional switch and an anti-parallel diode, where
the unidirectional switch can be controlled to switch off, as well as to switch on. A unidirectional switch could for example
be an Integrated Gate Bipolar Transistor (IGBT), an Integrated Gate-Commutated Thyristor (IGCT), a Gate Turn-Off
thyristor (GTO), etc. In some implementations, the anti-parallel diode could be integrated in the switch, the switch thus
being reverse conducting. Examples of such a reverse conducting switch, which on its own could provide the functionality
of a valve 215, are the reverse conducting IGCT and the bi-mode insulated gate transistor (BIGT). Furthermore, an
electric valve 215 could comprise more than one switch, connected in series and/or in parallel and arranged to switch
simultaneously, and/or more than one anti-parallel rectifying elements.
[0045] In Figs. 4a-4c, the connection point P2 has been shown to lie between the AC connection 210 and the end
point E of the phase branch 303 towards which the unidirectional switches are capable of conducting current. However,
the connection point P2 could alternatively lie between the AC connection 210 and the end point E of the phase branch
303 towards which the unidirectional switches cannot conduct current. In other words, the capacitor 305 could be located
on either side of AC the connection 210 in relation to the direction in which the unidirectional switches of the phase
branch 303 is capable of conducting current.

[0046] The AC voltage drop  across a DC-blocking capacitor 305 of an AC/DC converter 300 in operation will
correspond to: 

where IAC is the magnitude of the AC phase current and C305 is the capacitance of the DC-blocking capacitor 305. A
suitable capacitance C305 can for example be selected based on requirements on the AC impedance provided by the
capacitor 305 in for example a ground fault scenario, in combination with capacitor manufacturing costs.
[0047] The DC-blocking capacitor 305 of a phase leg 301 should be designed to withstand at least the expected DC

voltage  (often corresponding to  ) across the DC-blocking capacitor 305 in addition to the expected AC

voltage component  In a short circuit or earth fault situation in a system 100 of which AC/DC converter 300 forms
a part, the current through a phase leg 301 could rapidly increase to a considerable value, and could for example reach
10 times the rated AC phase current, where up to half of this current magnitude could be a DC current. Such failure
currents could damage the DC-blocking capacitor 305 unless this aspect is considered in the design of the HVDC station
301. Damage of the DC-blocking capacitor 305 may be costly in terms of outage duration, since a damaged DC-blocking
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capacitor 305 would typically have to be replaced before the HVDC station 301 can operate normally after failure. In
order to protect the DC-blocking capacitor 305 from excessive over voltages, an arrester 500 could be connected in
parallel to each of the DC blocking capacitors 305, as shown in Fig. 5.
[0048] Furthermore, in order to protect the components of the phase branches 303, arresters 505 could similarly be
connected in parallel with the phase branches 303. In an implementation wherein an arrester 505 is connected in parallel
with a phase branch 303, components having lower voltage withstanding properties could typically be used to form the
phase branch 303 than if no arrester 505 was used. Arresters could also be connected across the AC connection 210
and across the cell capacitors 405, if desired.
[0049] An arrester 500/505 could for example include one or more elements exhibiting non-linear resistance charac-
teristics such that high current conduction is obtained above a certain voltage level. Such elements could for example
be ZnO varistors, or semiconductors exhibiting such non-linear characteristics, e.g. breakover diodes (BODs). The non-
linear current-voltage characteristic of the arrester 500/505 could advantageously be chosen so that the arrester 500/505
is highly resistive at any normal operating voltages, whereas at a suitable voltage above of the rated voltage, such as
for example at 300% of the rated voltage, the resistance of the arrester 500/505 will drop rapidly, allowing for any
breakdown current to by-pass the DC-blocking capacitor 305 and/or the phase branch 303.
[0050] An AC/DC converter 300 typically includes a control system arranged to control the switching of the valves 215
of the converter cells 400 in order to arrive at the desired AC and DC voltages. In Fig. 6, an example of a three-phase
AC/DC converter 300 including a control system 600 is shown. A control system 600 is typically configured to receive
a set of status signals 605, indicative of the status of the AC/DC converter 300, and to control the switching of the valves
215 of the converter cells 400 in dependence of the received status signals 605 so that a suitable status of the switching
valves 215 of the AC/DC converter 300 is achieved. Examples of such status signals 605 could be signals indicative of
the AC current and AC voltage on the AC connections 210i, 210ii and 210iii of the AC/DC converter 300, signals indicative
of the DC current and DC voltage on the DC connection 207 of the AC/DC converter 300, etc. The control system 600
is configured to generate a control signal 610 to the converter cells 400 of the AC/DC converter 300 in order to control
the valves 215 of the converter cells 400. The control signal 610 could for example comprise a set of pulse width
modulated signals. The control signal 610, or a part thereof, is typically fed to gate drives of the converter cells 400.
[0051] Under ideal circumstances, the switching of the valves 215 of a phase branch 303 could advantageously be
controlled so that the voltage across the phase branch 303, U303, varies according to the following expression: 

where k indicates a particular phase leg 301k, k ∈ [1, P], P being the number of phases of the AC/DC converter 300;

 denotes the desired DC voltage between series connection points P1 and P2 of phase where

 being the voltage across the DC connection 207;  is a desired peak AC voltage across
the phase branch 303 , t is time, ω is the desired angular frequency at the AC output and Θk is a desired phase angle

 

[0052] The AC component of the controlling function given by expression (2),  is related to the
desired AC phase output UACsin(ωt + Θk). Such relationship is dependent on any components, including DC-blocking

capacitor 305, connected in series with the AC connection 210 between series connection points P1 & P2 for which the
reactance is non-zero, so that the desired AC component is achieved at the AC connection 210. As will be discussed
further in relation to Fig. 8, measurements of the voltage at the AC connection 210 of a phase, ÛAC, are typically fed
back to the control system 600 in order to provide control system 600 with information on how to control the switching

of the phase branch 301 in order to arrive at the desired AC component.  of expression (1) could take different

values for different phase legs 301 of an AC/DC converter 300 as long as  is fulfilled. However,
by controlling the switching of each phase branch 303 of an AC/DC converter 300 so that the DC voltage component

 equals  the voltages of the phase legs 301 of the AC/DC converter 300 will be balanced. The maximum AC
phase voltage will then be the same for all phase legs 301, and the equipment can hence be utilised in the most efficient
manner.
[0053] When an AC/DC converter 300 is connected in a system 100, the AC/DC converter 300 will be affected by
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disturbances in the system 100. For example, transient voltages from system 100 can influence the DC voltage across
the DC-blocking capacitor 305. As can be seen, for example in Fig. 3, the P DC-blocking capacitors 305 and the P AC
connections 210 of the AC/DC converter 300 form a series connection, which is connected across the DC connection
207. Since the DC voltage across the DC connection 207 is typically fixed at a level UDC, any deviation from UDC in the

sum of the DC-voltages across the P different DC-blocking capacitors 305 will be transferred to one or more of the AC
connections 210. A DC voltage component across an AC connection 210 will generate DC currents on the AC side of
the AC/DC converter 300. Such DC currents will typically cause problems in terms of saturation of transformers, etc.
Hence, it is desired to maintain the sum of the DC voltages across the DC-blocking capacitors 305 at UDC, and in order
to keep the phases balanced, it is typically also desired to maintain the DC voltage across each DC-blocking capacitor

305 at  Hence, if the DC voltage across a DC-blocking capacitor 305 is affected by events in system 100, the DC

voltage across the phase branch 303,  could advantageously be controlled to take a value which (typically tem-

porarily) differs from  in order to compensate for any disturbances in the DC voltage  across the DC-blocking

capacitor 305. Similarly, if unbalanced phase leg voltages are desired, i.e. if  differs from  for at least two

phase legs 301, the DC voltage across the corresponding phase branches 303,  could be controlled to take a

value which differs from the desired  in order to compensate for any disturbances in the DC voltage  across
the DC-blocking capacitor 305.
[0054] In order to ensure a reliable and stable output from the AC/DC converter 300, the DC voltage across a DC-
blocking capacitor 305 could be monitored, and the switching of the converter cells 400 of the phase branch 303 could
be controlled so that a desired voltage across the DC-blocking capacitor 305 is maintained. Such desired voltage across

the DC-blocking capacitor 305 would typically be the desired DC voltage of the phase leg,  Typically, the DC
voltage across the DC-blocking capacitors 305 of an AC/DC converter 300 should be balanced, and hence, the desired

voltage across a DC-blocking capacitor 305 is typically  
[0055] For this purpose, a voltage measurement device could be arranged to measure the voltage across a DC-
blocking capacitor 305. The measurement result could then be fed back to the control system 600. Fig. 7 shows an
example of an embodiment wherein a voltage measurement device 700 is arranged to measure the voltage across a
DC-blocking capacitor 305 of a phase leg 301, and to feed back a capacitor voltage signal 705 to the control system
600. The capacitor voltage signal 705 could be seen as a status signal 605, but will here be treated separately for
purposes of illustration.
[0056] A voltage measurement device 700 could for example be a resistive voltage divider, or any other suitable type
of voltage measurement devices. The voltage measurement device 700 could be provided with analogue to digital
conversion, in order to deliver a digital capacitor voltage signal 705, or voltage measurement device 700 could be
configured to deliver an analogue capacitor voltage signal 705. Voltage measurement device 700 could for example be
connected to control system 600 via an optical transmission link, in order to isolate the control system 600 from the high
potential of the capacitor 305. Voltage measurement device 700 could, if desired, include low pass filters for filtering out
the AC component of the measured voltage, so that a capacitor voltage signal 705 will be indicative of the DC component
of the voltage across the capacitor 305 only. Alternatively, voltage measurement device 700 could be configured to
generate a capacitor voltage signal 705 indicative of the measured voltage across the capacitor 305, including AC as
well as DC components. Filtering of the capacitor voltage signal 705 could be performed by the control system 600.
[0057] In Fig. 7, voltage measurement device 700 is arranged to measure the voltage across the DC-blocking capacitor
305. In an alternative implementation (not shown), a voltage measurement device 700 could be arranged to measure
the voltage across the AC connection 210, U210, as well as the voltage across the phase branch 303, U303. The voltage
across the DC-blocking capacitor 305 could then be derived, for example in control system 600, as the difference between
U303 and U210, and a capacitor voltage signal 705 could be generated in dependence of such derived value of U305. In
yet another alternative implementation, the voltages U405 across the cell capacitors 405 of the converter cells 400 of
the phase branch 303 could be used, together with information on the current switching states of the valves 215 of a
phase branch 303, to derive the voltage U303 across the phase branch 303. Since the voltages U405 are often required
by the control system 600 for other purposes, and the switching states of the valves 215 are known to control system
600, this is typically an efficient way of determining the voltage U303 across a phase branch 303.



EP 2 569 858 B1

10

5

10

15

20

25

30

35

40

45

50

55

[0058] Fig. 8 schematically illustrates an example of an embodiment of the control system 600 whereby the voltage
across the DC-blocking capacitor 305 may be stabilised in an AC/DC converter 300 of the voltage source converter
(VSC) type. The control system 600 of Fig. 8 comprises a control mechanism 800, which is configured to generate a
reference converter voltage waveform, Uref, in dependence of a set of status signals 605 and a set of reference signals

805, where the reference signals 805 are indicative of the reference voltage waveform, given for example by expression
(2). The status signal 605 could for example include signals indicative of measurements of the AC current IAC on the
AC phases of the AC/DC converter 300, the AC voltage UAC at the AC connections 210, the DC voltage UDC at the DC
connection 207, and/or measurements of any other suitable parameters. The set of reference signals could for example

include signals indicative of a reference value for the converter phase AC voltage  for the converter active

power (Pref), for the DC voltage at the DC connection 207  for the converter reactive power (Qref), and/or any

other suitable reference value. The reference values could for example be stored in a memory 810.
[0059] The control mechanism 800 could be configured to generate the reference converter voltage waveform Uref in
a known manner, for example as described in M. Khatir, S. A Zidi, A. Hadjeri and M. K. Fellah, "Dynamic performance
of a back-to-back hvdc station based on voltage source converters", Journal of Electrical Engineering, vol. 61, no. 1,
pages: 29-36, 2010, and to generate a signal 820 indicative of Uref.
[0060] Control system 600 of Fig. 8 further comprises a capacitor-DC-voltage correction mechanism 825, configured
to generate a DC voltage error signal 835 in dependence of a DC voltage reference signal 830 and the capacitor voltage
signal 705 indicative of the measured or derived DC voltage across the DC-blocking capacitor 305. The DC voltage

reference signal 830 is indicative of the desired DC voltage  across the DC blocking capacitor 305. DC voltage

error signal 835 is indicative of a DC voltage error  which represents the deviation of the DC voltage across

the DC-blocking capacitor 305 from the desired (reference) DC voltage,  A value of the reference capacitor

DC voltages  could for example be stored in a memory 840 (which could, if desired, be the same memory as
memory 810).
[0061] Capacitor-DC-voltage correction mechanism 825 comprises a subtractor 845, configured to subtract the refer-

ence capacitor DC voltage  from a signal 847, which is based on received measurement(s), and to generate
a DC voltage error signal 835 indicative of this difference. In the embodiment shown in Fig. 8, the capacitor-DC-voltage
correction mechanism 825 further comprises a stabilizing controller 850, which is configured to receive and stabilize the
capacitor voltage signal 705 and to deliver, to the subtractor 845, a signal 847 indicative of the stabilized capacitor
voltage signal. Stabilizing controller 850 could for example be a stabilizing controller with a proper gain, such as for
example PI controller. In an alternative implementation, the capacitor voltage signal 705 could be applied directly to the
subtractor 845 as signal 847. In such implementation, the stabilizing controller 850 could be omitted, or configured to
receive and stabilize the DC voltage error signal 835.

[0062] The sum over the reference capacitor DC voltages of all phases of the DC-blocking capacitors 
should advantageously equal the voltage UDC across the DC connection 207. In order to have the phase leg voltages

balanced, it is often desirable that  for each phase.
[0063] In the configuration shown in Fig. 8, it is assumed that capacitor voltage signal 705 has been low-pass filtered
so that the AC components have been removed. If the capacitor voltage signal 705 received by control system 600
includes AC voltage components, control system 600 could include a suitable low pass filter for singling out the DC
component.
[0064] In order to take the measured DC voltage across the DC-blocking capacitor 305 into account in the switching
of the valves 215 of a phase branch 303, the control system 600 is provided with a subtractor 855, which is configured
to receive the signal 820 indicative of the reference converter voltage waveform Uref, as well as the DC voltage error

signal,  Subtracter 855 is further configured to subtract a received value of  from a received value of
Uref, to arrive at a modified reference converter voltage waveform Umref, and to generate a modified voltage reference

signal 860 indicative of Umref.

[0065] Control system 600 of Fig. 8 further comprises a pulse width modulator (PWM) 865, which is configured to
generate a set of pulse width modulated signals in response to a voltage reference signal (which in control system 600
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of Fig. 8 is the modified voltage reference signal 860). The pulse width modulator 865 could operate in a known manner
(see e.g. N. Mohan, T. Undeland, W. Robbins: "Power electronics", section 8-4-6-2, John Wiley & sons) to generate a
control signal 610 in the form of a set of PWM signals to be fed to the phase leg 301 for the control of its valves 215.
[0066] The control system 600 is responsively connected to the voltage measurement device 700, as well as to further
measurement devices (not shown) arranged to provide status signals 605, and configured to generate a control signal
610 to be used in the control of the AC/DC converter 300 in response to the capacitor voltage signal 705 and status
signals 605 received from such measurement devices. The control system 600 of Fig. 8 is an example only, and other
implementations of a control system 600 wherein measurements of the DC voltage across the DC-blocking capacitor
305 are taken into account in the control of the AC/DC converter 300 can be employed.
[0067] Generally, the sum of the voltages across the P series connected phase legs 301 should preferably be equal
to a DC voltage applied across the DC connection 207. This implies that the zero sequence component of the output
AC voltage should equal zero. In other words, the instantaneous sum of the voltage at the AC connections 210i, 210ii
and 210iii should equal zero. However, for example due to ripple voltages occurring across the cell capacitors 405 of
the converter cells 400 in the phase branches 303, a non-zero zero sequence component may arise, which will yield
parasitic common mode currents. Such parasitic common mode currents can be harmful to the HVDC system 100. They
may for example be mitigated by means of passive control, using passive filters as described below, and/or by means
of actively controlling at least one converter cell 400 to generate a voltage opposite to the unwanted zero sequence
component.
[0068] Measurements of current flowing through the DC connection 207 as well as measurements of the sum of the
voltages across the P AC connections 210, can be indicative of a non-zero zero sequence component. Hence, a signal
indicative of the zero sequence components can be generated from such measurements, and can be used on the
mitigation or elimination of parasitic common mode currents. The zero sequence component contribution Uzsc which
can be identified by such measurement often represents harmonic components of the desired AC voltage: 

where h = 2,...,n represent n-1 harmonic components, and Uh is the peak voltage for the hth harmonic. The harmonic
components can for example be harmonics of the valve switching frequency, or harmonics of the frequency of the AC
system 115. In the following, the term "DC side common mode harmonic current components" is used to refer to such
parasitic DC current components.
[0069] In one embodiment of active common mode current control, the control of the converter cells 400 of the phase
branches 303 takes the measured zero sequence component contribution Uzsc into account. If the control system 600
shown in Fig. 8 is employed, such active common mode current control could for example be implemented by providing
the subtractor 855 with a signal representing the zero sequence component contribution Uzsc, so that a modified reference
converter voltage waveform Umref, to be fed to the pulse width modulator 865, is generated in a manner by which the
unwanted zero sequence component contribution Uzsc will be eliminated or mitigated. Thus, the modulation of the output
from the phase branches 303 will be performed in a manner so that the unwanted zero sequence component contribution
Uzsc is mitigated, and hence, DC side common mode harmonic current components will be mitigated. Typically, the
same contribution will be subtracted from the reference voltage waveform Uref for each of the P phases, where such
contribution can often be described by expression (3).
[0070] However, when active common mode current control is performed by means of the converter cells 400 of the
phase branches 303 in a AC/DC converter 300 wherein only a single phase branch 303 per phase leg 301 is present,
the contribution in the modulation of the phase branch output from the mitigation of the unwanted zero sequence com-
ponent may, in some configurations, show up in the voltage output at the AC connections 210. Therefore, it is proposed
that in this embodiment, a transformer 410 connected to the AC output 210 of a phase leg 301 is provided with a floating
neutral point, as shown in Fig. 9, where the neutral Y-points of the transformers 410 have been connected to ground
via an arrester 900. Voltages caused by common mode current mitigation modulation on the AC connection 210 of a
phase leg 210 will in this configuration appear across the arrester 900, and will hence not be transferred to the AC system
115.
[0071] The arrester 900 has non-linear resistance characteristics such that for potentials expected at the neutral points
of the transformers during normal operation, the resistance of arrester 900 is typically very high, basically keeping the
transformer neutrals at a floating potential, while for voltages expected upon any short-circuit or ground fault in system
100, the arrester will show high current conduction. An arrester 900 could for example include one or more varistors of
a suitable material such as ZnO, or semiconductors exhibiting the desired non-linear resistance characteristics, e.g.
breakover diodes (BODs).
[0072] Active common mode current control could alternatively be performed by means of an active filter 1000, com-
prising additional converter cells 400, the active filter 900 being connected in series with the phase legs 301 of an AC/DC
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converter 300. By means of such active filter 1000, any non-zero zero sequence components giving rise to parasitic DC
side common mode currents could be compensated for, thus mitigating or eliminating the parasitic DC side common
mode currents. An example of an AC/DC converter 300 comprising such active filter 1000 is shown in Fig. 10a. The
filter 1000 of Fig. 10a is connected between the most positive DC pole of DC connection 207 and the phase leg 301i
which is nearest to the positive DC pole. However, a filter 1000 could alternatively be connected between two phase
legs 301, or between the most negative DC pole of DC connection 207 and the phase leg 301 which is nearest to the
negative DC pole. When a filter 1000 comprises more than one converter cell 400, the filter 1000 could alternatively be
distributed so that different converter cells 400 of filter 1000 are connected at different locations along the series connection
of phase legs 301 between the two DC poles of DC connection 207.
[0073] Different examples of implementations of an active filter 1000 are shown in Figs. 10b-10f. Some alternative
configurations of a half-bridge pair comprising half-bridge cells 400 of different topologies and opposite polarities are
shown in Figs. 10b-10e. Active filters 1000 of Figs. 10b-e are made up of two half-bridge converter cells 400 of different
topologies and opposite polarities, wherein the voltage across one of the top converter cell 400A and the bottom converter
cell 400B can take one of the values 0 or U405, while the voltage across the other converter cell of the pair can take one
of the values 0 or -U405, where U405 is the voltage across the cell capacitor 405. Hence, the voltage across the active
filters 1000 shown in Figs. 10b-e, i.e. the active filter voltage U1000, can take any of the values U405, 0 or -U405.
[0074] Active filter 1000 of Fig. 10f is made up of a full-bridge converter cell 400, so that the active filter voltage U1000
can take any of the values U405, 0 or -U405. An active filter 1000 can include further converter cells 400, depending on
the expected compensation voltage required from the active filter 1000. Since generally, no DC component is desired
in the active filter voltage U1000, the active filter 1000 should preferably be made up of full-bridge converter cells 400
and/or half-bridge converter cell pairs connected such that both a positive and a negative voltage can be achieved across
the converter pair.
[0075] The control of the switching of the valves 215 of an active filter 1000 could advantageously be performed such
that the active filter voltage U1000 is generated to correspond to -Uzsc, where Uzsc represents measurement results of
the zero sequence component (obtained for example by current flowing through the DC connection 207 as well as
measurements of the sum of the voltages across the P AC connections 210). Such control could be performed by control
system 600, which could for example have a separate module for controlling the active filter 1000. Such module could
for example operate in a similar manner to subtractor 855 and pulse width modulator 865 of Fig. 8, where Uref would be
a signal representing zero and the subtractor 855 would be fed with a signal representing the identified zero sequence
component that the active filter 1000 should compensate for.
[0076] As mentioned above, parasitic common mode currents could alternatively be mitigated by means of passive
filters, such as reactors or passive filters comprising more than one component. If passive filters of more than one
component are used, such passive filters could for example be designed to particularly suppress currents at the fre-
quencies of the most commonly occurring harmonic components. Since the common mode currents are often driven by
ripple voltages occurring within the converter cells 400 of the phase branches 303, such passive filters could advanta-
geously be series connected with the phase branches 303. Fig. 11 shows a phase leg 301 having a reactor 1100
connected in series with the phase branch 303, where such series connection is connected in parallel with the DC-
blocking capacitor 305 and the AC connection 210. A passive filter connected in this manner will be referred to as a
phase branch filter 1100, of which reactor 1100, here referred to as a phase branch reactor 1100, forms an embodiment.
[0077] A DC line filter 310, connected in series with the phase legs and the DC connection 207, could also contribute
to the passive mitigation of common mode currents.
[0078] The phase branch filter 1100, which provides passive mitigation of common mode currents, can furthermore
protect the phase leg 301 from short circuit or earth fault currents originating from the HVDC system 100. The reactance
of the phase branch filter 1100, X1100, contributes to the DC-side reactance XDC: XDC = X310 + P · X1100 (which amounts
to XDC = 2πf · L310 + 2πf · P · L1100 when the filters are formed of a reactor 310 and 1100 having inductances L310 and
L1100, respectively).
[0079] As opposed to the DC line filter 310, a phase branch filter 1100 further contributes to the reactance X301 of the
phase leg circuit formed by the parallel connection of the series connection of the DC-blocking capacitor & the AC
connection 210 and the phase branch 303. In case of an excessive short circuit or earth fault current from the HVDC
system 100 to which the AC/DC converter 300 is connected, it may be that the DC-blocking capacitor 301 may not be
able to withstand the current, and that a current discharge through the DC-blocking capacitor, or via an arrester 500, if
any, occurs. The current increase rate in the phase leg circuit in such a situation will depend on the phase leg circuit
reactance X301, and in order to protect the converter cells in phase branch 303 from high transient currents, it is desirable
to design the phase leg circuit reactance in a suitable manner. A phase branch filter 1100 can be useful in such design.
Depending on the requirements of a particular implementation, the use of phase leg circuit filters 310 could eliminate
the need for a DC line filter 310.
[0080] The phase leg circuit reactance X301 may alternatively (or additionally) be designed by connecting an AC
connection branch filter 1200 in series with the DC-blocking capacitor 305 and the AC connection 210, as shown in Fig.
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12, where the AC connection branch filter 1200 is represented by a reactor 1200. Such AC connection branch filter 1200
will not contribute to the DC line reactance 310. Any combination of a DC line filter 310, phase branch filters 1100 and/or
AC connection branch filters 1200 may be employed to design a suitable passive protection of the AC/DC converter.
[0081] If the DC voltage drop across a filter 1200 (or across any other component connected in series with the DC-
blocking capacitor 305 and the AC connection 210 of a phase leg 210) is significant, such DC voltage drop can, for
purposes of control described in relation to Fig. 8, be seen as a part of the DC voltage across the DC-blocking capacitor
305, U305.
[0082] By the present invention it is achieved that an efficient AC/DC converter can be obtained at reduced cost with
maintained performance compared to existing solutions. For example, the current rating of converter cell valves can be
halved at maintained power rating compared to an AC/DC converter having series connected phase legs, each having
a single phase branch and a parallel connected DC capacitor branch, and wherein an AC phase output is provided
between the midpoints of a phase branch and a DC capacitor branch of a phase leg. Compared to an AC/DC converter
having two parallel branches, the midpoints of which are connected to an AC connection, the number of valves required
can be halved at maintained power rating, with maintained voltage rating of the valves. Thus, the total voltage rating of
the AC/DC converter can be halved. The invention is particularly advantageous for tapping converters in high voltage
applications, but may equally well be applied in low or medium voltage applications, or in AC/DC converters forming
main converters in an HVDC system. In the above, AC/DC converters of three phases have been given as examples.
However, the technology is equally well applicable to AC/DC converters of any number of phases P, where P ≥ 2. The
disclosed invention is particularly advantageous for AC/DC converters of the voltage source type, so called VSC con-
verters.
[0083] One skilled in the art will appreciate that the invention presented herein is not limited to the embodiments
disclosed in the accompanying drawings and the foregoing detailed description, which are presented for purposes of
illustration only, but it can be implemented in a number of different ways, and it is defined by the following claims.

Claims

1. A three phase AC/DC converter (300) for an HVDC transmission system and comprising:
three phase legs (301) connected in series between first and second DC connection terminals (207) of the AC/DC
converter, wherein each phase leg comprises:

an AC connection (210) having first and second terminals arranged to connect the phase leg to a phase of an
AC system (115); and
a phase branch (303) comprising at least one converter cell (400) and having first and second branch end
terminals (E); and
a capacitor (305); wherein
the capacitor is connected the between the first branch end terminal and the first AC connection terminal, the
capacitor forming a DC blocking capacitor; and wherein
the series connection of the phase legs between first and second DC connection terminal is arranged such that
a first series connection point (P1) in a phase leg is located between the first branch end terminal and the DC-
blocking capacitor,

characterized in that
the second AC terminal is connected to the second branch end terminal and
a second series connection point (P2) is located between the second branch end terminal and the second AC
connection.

2. The three phase AC/DC converter of claim 1, wherein
the phase branch of each phase leg comprises a cascade (415) of at least two series connected and independently
switchable converter cells.

3. The three phase AC/DC converter of claim 2,
the phase branch of each phase leg comprises at least two parallel connected cascades (415) of converter cells.

4. The three phase AC/DC converter of claim 2, further comprising
a control system (600) configured to control the switching of the converter cells of the phase branch of a phase leg
to provide a voltage according to the following expression between the first and second series connections points
(P1, P2) of a phase leg:
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where k indicates the kth phase leg, k ∈ [1, P], P being the number of phases of the three phase AC/DC converter

300;  denotes a predetermined desired DC voltage between the first and second connection points, where

 being the voltage between the DC connection terminals;  is a desired peak AC
voltage between the first and second connection points, t is time, ω is the desired angular frequency at the AC output
and Θk is the desired phase angle.

5. The three phase AC/DC converter of any one of the above claims, comprising:

a voltage measurement device (700) arranged to measure at least one voltage from which the DC voltage
across the DC-blocking capacitor (305) of the phase leg may be obtained; and wherein
the control system (600) is responsively connected to the voltage measurement device and configured to receive
a signal from the voltage measurement device from which the DC voltage across the DC-blocking capacitor
may be obtained; and
the control system is configured to perform the control of the switching of the converter cells of the phase
branches in dependence of the received voltage measurement signals so that the DC voltage across the DC-
blocking capacitor of a phase leg corresponds to a predetermined capacitor DC voltage.

6. The three phase AC/DC converter of claim 5, wherein
the voltage measurement device is configured to measure the voltage across the DC-blocking capacitor.

7. The three phase AC/DC converter of claim 5, wherein
the voltage measurement device is configured to measure:

at least one voltage whereby the voltage across the phase branch of the phase leg may be obtained, and
the voltage across the AC connection of the phase leg.

8. The three phase AC/DC converter of any one of claims 4-7, wherein

the predetermined desired DC voltage corresponds to  where UDC is the voltage between the DC connection
terminals and P is the number of phases.

9. The three phase AC/DC converter of any one of the above claims, comprising
a control system (600) configured to control the switching of the converter cells of the phase branch of a phase leg,
wherein the control system is configured to:

receive a signal indicative of a zero sequence component of the AC output voltage from the three phase AC/DC
converter; and
control the switching of at least one converter cell of the three phase AC/DC converter in dependence of said
signal indicative of a zero sequence component so as to mitigate DC side harmonic common mode current
components.

10. The three phase AC/DC converter of claim 9, wherein
the at least one converter cell which the control system is configured to control the switching to mitigate DC side
harmonic common mode current components are the converter cells of the phase branches of the phase legs.

11. The three phase AC/DC converter of claim 10, wherein

the AC connection (210) of each phase leg is connected to a first winding of a transformer (410); and
the neutral of the second winding of the transformer is connected to a grounded arrester (900), the neutral thus
being floating.

12. The three phase AC/DC converter of claim 9, wherein
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the at least one converter cell which the control system is configured to control the switching to mitigate DC side
harmonic common mode current components is part of an active filter (1000) connected in series with the phase
legs (301) between the terminals of the DC connection (207).

13. The three phase AC/DC converter of any one of the above claims, wherein
a passive filter (1100) is connected, between the first and second series connection points of a phase leg, in series
with the phase branch.

14. The three phase AC/DC converter of any one of the above claims, wherein
a passive filter (1200) is connected, between the first and second series connection points of a phase leg, in series
with the DC-blocking capacitor.

15. A method of operating a three phase AC/DC converter (300) of an HVDC transmission system, the three phase
AC/DC converter (300) having three phase legs (301) connected in series, wherein each phase leg comprises:

an AC connection (210) having first and second terminals arranged to connect the phase leg to a phase of an
AC system (115);
a phase branch (303) comprising at least one converter cell (400) and having first and second branch end
terminals (E); and
a capacitor (305); wherein
the capacitor is connected the between the first branch end terminal and the first AC connection terminal, the
capacitor forming a DC blocking capacitor;
the second AC terminal is connected to the second branch end terminal; and
the series connection of the phase legs between first and second DC connection terminal is such that a first
series connection point (P1) in a phase leg is located between the first branch end terminal and the DC-blocking
capacitor, while a second series connection point (P2) is located between the second branch end terminal and
the second AC connection; the method comprising:
controlling the switching of the converter cells of the phase branch of a phase leg to provide a voltage according
to the following expression between the first and second series connections points (P1, P2) of a phase leg: 

where k indicates the kth phase leg, k ∈ [1, P], P being the number of phases of the three phase AC/DC converter

300;  denotes a predetermined desired DC voltage between the first and second connection points, where

 being the voltage between the DC connection terminals;  is a desired peak
AC voltage between the first and second connection points, t is time, ω is the desired angular frequency at the
AC output and Θk is the desired phase angle.

16. The method of claim 15 further comprising, for each phase leg:

measuring at least one voltage from which the DC voltage across the DC-blocking capacitor of the phase leg
may be obtained; and
controlling the switching of the converter cells of the phase branch in dependence of the received voltage
measurement signal so that the DC voltage across the DC-blocking capacitor of the phase leg corresponds to
the predetermined desired DC voltage.

17. The method of claim 15 or 16, further comprising:

measuring a quantity indicative of a zero sequence component of the AC output voltage from the three phase
AC/DC converter;
controlling the switching of at least one converter cell of the three phase AC/DC converter in dependence of
said measured quantity in a manner so as to mitigate DC side common mode harmonic current components.

18. The method of claim 17, wherein
the at least one converter cell which is controlled in a manner so as to mitigate DC side common mode harmonic
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current components is part of an active filter (1000) which is connected in series with the phase legs.

19. The method of claim 17, wherein
the at least one converter cell which is controlled in a manner so as to mitigate DC side common mode harmonic
current components are the converter cells of the phase branches of the phase legs.

Patentansprüche

1. Dreiphasiger AC/DC-Wandler (300) für ein HVDC-Übertragungssystem, der Folgendes umfasst:
drei Phasenschenkel (301), die zwischen einem ersten und einem zweiten DC-Verbindungsanschluss (207) des
AC/DC-Wandlers verbunden sind, wobei jeder Phasenschenkel Folgendes umfasst:

eine AC-Verbindung (210) mit einem ersten und einem zweiten Anschluss, die angeordnet sind, den Phasen-
schenkel mit einer Phase eines AC-Systems (115) zu verbinden; und
einen Phasenzweig (303), der mindestens eine Wandlerzelle (400) umfasst und einen ersten und einen zweiten
Zweigendanschluss (E) aufweist; und
einen Kondensator (305); wobei
der Kondensator zwischen dem ersten Zweigendanschluss und dem ersten AC-Verbindungsanschluss verbun-
den ist, wobei der Kondensator einen DC-Sperrkondensator bildet; und wobei
die Reihenverbindung der Phasenschenkel zwischen einem ersten und einem zweiten DC-Verbindungsan-
schluss derart angeordnet ist, dass sich ein erster Reihenverbindungspunkt (P1) in einem Phasenschenkel
zwischen dem ersten Zweigendanschluss und dem DC-Sperrkondensator befindet,
dadurch gekennzeichnet, dass
der zweite AC-Anschluss mit dem zweiten Zweigendanschluss verbunden ist und
ein zweiter Reihenverbindungspunkt (P2) sich zwischen dem zweiten Zweigendanschluss und der zweiten AC-
Verbindung befindet.

2. Dreiphasiger AC/DC-Wandler nach Anspruch 1, wobei der Phasenzweig jedes Phasenschenkels eine Kaskade
(415) von mindestens zwei in Reihe verbundenen und unabhängig schaltbaren Wandlerzellen umfasst.

3. Dreiphasiger AC/DC-Wandler nach Anspruch 2,
der Phasenzweig jedes Phasenschenkels mindestens zwei parallel verbundene Kaskaden (415) von Wandlerzellen
umfasst.

4. Dreiphasiger AC/DC-Wandler nach Anspruch 2, der ferner Folgendes umfasst
ein Steuersystem (600), das dazu ausgelegt ist, das Schalten der Wandlerzellen des Phasenzweigs eines Phasen-
schenkels zu steuern, um eine Spannung zwischen dem ersten und dem zweiten Reihenverbindungspunkt (P1,
P2) eines Phasenschenkels gemäß dem folgenden Ausdruck bereitzustellen: 

wo k den k-ten Phasenschenkel, k ∈ [1, P], anzeigt, wobei P die Anzahl der Phasen des dreiphasigen AC/DC-

Wandlers 300 ist;  eine vorbestimmte gewünschte DC-Spannung zwischen dem ersten und dem zweiten

Verbindungspunkt angibt,  wo UDC die Spannung zwischen den DC-Verbindungsan-

schlüssen ist;  eine gewünschte AC-Spitzenspannung zwischen dem ersten und dem zweiten Verbindungs-
punkt ist, t eine Zeit ist, ω die gewünschte Winkelfrequenz am AC-Ausgang ist und Θk der gewünschte Phasenwinkel

ist.

5. Dreiphasiger AC/DC-Wandler nach einem der vorhergehenden Ansprüche, der Folgendes umfasst:

eine Spannungsmessvorrichtung (700), die angeordnet ist, mindestens eine Spannung zu messen, von der die
DC-Spannung über den DC-Sperrkondensator (305) des Phasenschenkels erhalten werden kann; und wobei
das Steuersystem (600) ansprechend mit der Spannungsmessvorrichtung verbunden ist und dazu ausgelegt,
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ein Signal von der Spannungsmessvorrichtung zu empfangen, von dem die DC-Spannung über den DC-Sperr-
kondensator erhalten werden kann; und
das Steuersystem dazu ausgelegt ist, die Steuerung des Schaltens der Wandlerzellen der Phasenzweige in
Abhängigkeit von den empfangenen Spannungsmesssignalen durchzuführen, derart, dass die DC-Spannung
über den DC-Sperrkondensator eines Phasenschenkels einer vorbestimmten Kondensator-DC-Spannung ent-
spricht.

6. Dreiphasiger AC/DC-Wandler nach Anspruch 5, wobei die Spannungsmessvorrichtung dazu ausgelegt ist, die Span-
nung über den DC-Sperrkondensator zu messen.

7. Dreiphasiger AC/DC-Wandler nach Anspruch 5, wobei die Spannungsmessvorrichtung dazu ausgelegt ist, Folgen-
des zu messen:

mindestens eine Spannung, wobei die Spannung über den Phasenzweig des Phasenschenkels erhalten werden
kann, und
mindestens eine Spannung über die AC-Verbindung des Phasenschenkels.

8. Dreiphasiger AC/DC-Wandler nach einem der Ansprüche 4-7, wobei

die vorbestimmte gewünschte DC-Spannung  entspricht, wo UDc die Spannung zwischen den DC-Verbin-
dungsanschlüssen und P die Anzahl der Phasen ist.

9. Dreiphasiger AC/DC-Wandler nach einem der vorhergehenden Ansprüche, der Folgendes umfasst ein Steuersystem
(600), das dazu ausgelegt ist, das Schalten der Wandlerzellen des Phasenzweigs eines Phasenschenkels zu steu-
ern, wobei das Steuersystem zu Folgendem ausgelegt ist:

Empfangen eines Signals, das eine Nullsystemkomponente der AC-Ausgangsspannung vom dreiphasigen
AC/DC-Wandler anzeigt; und
Steuern des Schaltens mindestens einer Wandlerzelle des dreiphasigen AC/DC-Wandlers in Abhängigkeit vom
Signal, das eine Nullsystemkomponente anzeigt, um DC-seitige harmonische Gleichtaktstromkomponenten
abzuschwächen.

10. Dreiphasiger AC/DC-Wandler nach Anspruch 9, wobei die mindestens eine Wandlerzelle, zu deren Schalten das
Steuersystem ausgelegt ist, um die DC-seitigen harmonischen Gleichtaktstromkomponenten abzuschwächen, die
Wandlerzellen der Phasenzweige der Phasenschenkel sind.

11. Dreiphasiger AC/DC-Wandler nach Anspruch 10, wobei die AC-Verbindung (210) jedes Phasenschenkels mit einer
ersten Wicklung eines Transformators (410) verbunden ist und
der Neutralleiter der zweiten Wicklung des Transformators mit einem geerdeten Ableiter (900) verbunden ist, weshalb
der Neutralleiter potenzialfrei ist.

12. Dreiphasiger AC/DC-Wandler nach Anspruch 9, wobei die mindestens eine Wandlerzelle, zu deren Schalten das
Steuersystem ausgelegt ist, um die DC-seitigen harmonischen Gleichtaktstromkomponenten abzuschwächen, Teil
eines aktiven Filters (1000) ist, der mit den Phasenschenkeln (301) zwischen den Anschlüssen der DC-Verbindung
(207) in Reihe verbunden ist.

13. Dreiphasiger AC/DC-Wandler nach einem der vorhergehenden Ansprüche, wobei
ein passiver Filter (1100) zwischen dem ersten und dem zweiten Reihenverbindungspunkt eines Phasenschenkels
mit dem Phasenzweig in Reihe verbunden ist.

14. Dreiphasiger AC/DC-Wandler nach einem der vorhergehenden Ansprüche, wobei
ein passiver Filter (1200) zwischen dem ersten und dem zweiten Reihenverbindungspunkt eines Phasenschenkels
mit dem DC-Sperrkondensator in Reihe verbunden ist.

15. Verfahren zum Betreiben eines dreiphasigen AC/DC-Wandlers (300) eines HVDC-Übertragungssystems, wobei
der dreiphasige AC/DC-Wandler (300) drei Phasenschenkel (301) aufweist, die in Reihe verbunden sind, wobei
jeder Phasenschenkel Folgendes umfasst:
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eine AC-Verbindung (210) mit einem ersten und einem zweiten Anschluss, die angeordnet sind, den Phasen-
schenkel mit einer Phase eines AC-Systems (115) zu verbinden;
einen Phasenzweig (303), der mindestens eine Wandlerzelle (400) umfasst und einen ersten und einen zweiten
Zweigendanschluss (E) aufweist; und
einen Kondensator (305); wobei
der Kondensator zwischen dem ersten Zweigendanschluss und dem ersten AC-Verbindungsanschluss verbun-
den ist, wobei der Kondensator einen DC-Sperrkondensator bildet;
der zweite AC-Anschluss mit dem zweiten Zweigendanschluss verbunden ist und
die Reihenverbindung der Phasenschenkel zwischen einem ersten und einem zweiten DC-Verbindungsan-
schluss derart ist, dass sich ein erster Reihenverbindungspunkt (P1) in einem Phasenschenkel zwischen dem
ersten Zweigendanschluss und dem DC-Sperrkondensator befindet, während sich ein zweiter Reihenverbin-
dungspunkt (P2) zwischen dem zweiten Zweigendanschluss und der zweiten AC-Verbindung befindet; wobei
das Verfahren Folgendes umfasst:
Steuern des Schaltens der Wandlerzellen des Phasenzweigs eines Phasenschenkels, um eine Spannung
zwischen dem ersten und dem zweiten Reihenverbindungspunkt (P1, P2) eines Phasenschenkels gemäß dem
folgenden Ausdruck bereitzustellen:

wo k den k-ten Phasenschenkel, k ∈ [1, P], anzeigt, wobei P die Anzahl der Phasen des dreiphasigen AC/DC-

Wandlers 300 ist;  eine vorbestimmte gewünschte DC-Spannung zwischen dem ersten und dem zweiten

Verbindungspunkt angibt,  = UDC, wo UDC die Spannung zwischen den DC-Verbindungsanschlüs-

sen ist;  eine gewünschte AC-Spitzenspannung zwischen dem ersten und dem zweiten Verbindungspunkt
ist, t eine Zeit ist, ω die gewünschte Winkelfrequenz am AC-Ausgang ist und Θk der gewünschte Phasenwinkel ist.

16. Verfahren nach Anspruch 15, das für jeden Phasenschenkel ferner Folgendes umfasst:

Messen mindestens einer Spannung, von der die DC-Spannung über den DC-Sperrkondensator des Phasen-
schenkels erhalten werden kann; und
Steuern des Schaltens der Wandlerzellen des Phasenzweigs in Abhängigkeit vom empfangenen Spannungs-
messsignal, derart, dass die DC-Spannung über den DC-Sperrkondensator des Phasenschenkels der vorbe-
stimmten gewünschten DC-Spannung entspricht.

17. Verfahren nach Anspruch 15 oder 16, das ferner Folgendes umfasst:

Messen einer Menge, die eine Nullsystemkomponente der AC-Ausgangsspannung vom dreiphasigen AC/DC-
Wandler anzeigt;
Steuern des Schaltens mindestens einer Wandlerzelle des dreiphasigen AC/DC-Wandlers in Abhängigkeit von
der gemessenen Menge in einer Weise, dass DC-seitige harmonische Stromkomponenten abgeschwächt wer-
den.

18. Verfahren nach Anspruch 17, wobei
die mindestens eine Wandlerzelle, die in einer Weise gesteuert wird, dass DC-seitige harmonische Gleichtaktstrom-
komponenten abgeschwächt werden, Teil eines aktiven Filters (1000) ist, der mit den Phasenschenkeln in Reihe
verbunden ist.

19. Verfahren nach Anspruch 17, wobei
die mindestens eine Wandlerzelle, die in einer Weise gesteuert wird, dass DC-seitige harmonische Gleichtaktstrom-
komponenten abgeschwächt werden, die Wandlerzellen der Phasenzweige der Phasenschenkel sind.

Revendications

1. Convertisseur C.A./C.C. triphasé (300) pour système de transmission HVDC et comprenant :
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trois segments de phase (301) connectés en série entre des première et seconde bornes de connexion C.C. (207)
du convertisseur C.A./C.C., dans lequel chaque segment de phase comprend :

une connexion C.A. (210) ayant des première et seconde bornes agencées pour connecter le segment de
phase à une phase d’un système C.A. (115) ; et
une branche de phase (303) comprenant au moins une cellule de conversion (400) et ayant des première et
seconde bornes d’extrémité de branche (E); et
un condensateur(305) ; dans lequel
le condensateur est connecté entre la première borne d’extrémité de branche et la première borne de connexion
C.A., le condensateur formant un condensateur de blocage C.C. ;

et dans lequel
la connexion en série des segments de phase entre des première et seconde bornes de connexion C.C. est agencée
de telle sorte qu’un premier point de connexion série (P1) dans un segment de phase soit situé entre la première
borne d’extrémité de branche et le condensateur de blocage C.C.,
caractérisé en ce que
la seconde borne C.A. est connectée à la seconde borne d’extrémité de branche et
un second point de connexion série (P2) est situé entre la seconde borne d’extrémité de branche et la seconde
connexion C.A..

2. Convertisseur C.A./C.C. triphasé selon la revendication 1, dans lequel
la branche de phase de chaque segment de phase comprend un montage en cascade (415) d’au moins deux
cellules de conversion connectées en série et commutables indépendamment.

3. Convertisseur C.A./C.C. triphasé selon la revendication 2,
la branche de phase de chaque segment de phase comprend au moins deux montages en cascade connectés en
parallèle (415) de cellules de conversion.

4. Convertisseur C.A./C.C. triphasé selon la revendication 2, comprenant en outre un système de commande (600)
configuré pour commander la commutation des cellules de conversion de la branche de phase d’un segment de
phase pour fournir une tension selon l’expression suivante entre les premier et second points de connexion série
(P1, P2) d’un segment de phase : 

où k indique le kème segment de phase, k ∈ [1, P], P étant le nombre de phases du convertisseur C.A./C.C. triphasé

300 ;  désigne une tension C.C. prédéterminée souhaitée entre les premier et second points de connexion,

où  UCC étant la tension entre les bornes de connexion C.C. ;  est une tension C.A. de
crête souhaitée entre les premier et second points de connexion, t est le temps, ω est la fréquence angulaire
souhaitée à la sortie C.A. et Θk est l’angle de phase souhaité.

5. Convertisseur C.A./C.C. triphasé selon l’une quelconque des revendications précédentes, comprenant :

un dispositif de mesure de tension (700) agencé pour mesurer au moins une tension à partir de laquelle la
tension C.C. aux bornes du condensateur de blocage C.C. (305) du segment de phase peut être obtenue ; et
dans lequel le système de commande (600) est connecté de manière réactive au dispositif de mesure de tension
et configuré pour recevoir un signal du dispositif de mesure de tension à partir duquel la tension C.C. aux bornes
du condensateur de blocage C.C. peut être obtenue ; et
le système de commande est configuré pour exécuter la commande de la commutation des cellules de con-
version des branches de phase en fonction des signaux de mesure de tension reçus de telle sorte que la tension
C.C. aux bornes du condensateur de blocage C.C. d’un segment de phase corresponde à une tension C.C. de
condensateur prédéterminée.
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6. Convertisseur C.A./C.C. triphasé selon la revendication 5, dans lequel
le dispositif de mesure de tension est configuré pour mesurer la tension aux bornes du condensateur de blocage C.C..

7. Convertisseur C.A./C.C. triphasé selon la revendication 5, dans lequel
le dispositif de mesure de tension est configuré pour mesurer :

au moins une tension moyennant quoi la tension aux bornes de la branche de phase du segment de phase
peut être obtenue, et
la tension aux bornes de la connexion C.A. du segment de phase.

8. Convertisseur C.A./C.C. triphasé selon l’une quelconque des revendications 4 à 7, dans lequel la tension C.C.

prédéterminée souhaitée correspond à  où UCC est la tension entre les bornes de P connexion C.C. et P
est le nombre de phases.

9. Convertisseur C.A./C.C. triphasé selon l’une quelconque des revendications précédentes, comprenant
un système de commande (600) configuré pour commander la commutation des cellules de conversion de la branche
de phase d’un segment de phase, dans lequel le système de commande est configuré pour :

recevoir un signal indicatif d’une composante de séquence nulle de la tension de sortie C.A. du convertisseur
C.A./C.C. triphasé ; et
commander la commutation d’au moins une cellule de conversion du convertisseur C.A./C.C. triphasé en fonction
dudit signal indicatif d’une composante de séquence nulle de façon à réduire les composantes de courant en
mode commun harmoniques côté C.C..

10. Convertisseur C.A./C.C. triphasé selon la revendication 9, dans lequel
l’au moins une cellule de conversion dont la commutation est commandée par le système de commande, en vertu
de sa configuration, pour réduire les composantes de courant en mode commun harmoniques côté C.C. fait partie
des cellules de conversion des branches de phase des segments de phase.

11. Convertisseur C.A./C.C. triphasé selon la revendication 10, dans lequel
la connexion C.A. (210) de chaque segment de phase est connectée à un premier enroulement d’un transformateur
(410) ; et
le neutre du second enroulement du transformateur est connecté à un parafoudre mis à la masse (900),
le neutre étant ainsi flottant.

12. Convertisseur C.A./C.C. triphasé selon la revendication 9, dans lequel
l’au moins une cellule de conversion dont la commutation est commandée par le système de commande, en vertu
de sa configuration, pour réduire les composantes de courant en mode commun harmoniques côté C.C. fait partie
d’un filtre actif (1000) connecté en série avec les segments de phase (301) entre les bornes de la connexion C.C.
(207).

13. Convertisseur C.A./C.C. triphasé selon l’une quelconque des revendications précédentes, dans lequel
un filtre passif (1100) est connecté, entre les premier et second points de connexion série d’un segment de phase,
en série avec la branche de phase.

14. Convertisseur C.A./C.C. triphasé selon l’une quelconque des revendications précédentes, dans lequel
un filtre passif (1200) est connecté, entre les premier et second points de connexion série d’un segment de phase,
en série avec le condensateur de blocage C.C..

15. Procédé de fonctionnement d’un convertisseur C.A./C.C. triphasé (300) d’un système de transmission HVDC, le
convertisseur C.A./C.C.
triphasé (300) ayant trois segments de phase (301) connectés en série, dans lequel chaque segment de phase
comprend :

une connexion C.A. (210) ayant des première et seconde bornes agencées pour connecter le segment de
phase à une phase d’un système C.A. (115) ;
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une branche de phase (303) comprenant au moins une cellule de conversion (400) et ayant des première et
seconde bornes d’extrémité de branche (E); et
un condensateur (305) ; dans lequel
le condensateur est connecté entre la première borne d’extrémité de branche et la première borne de connexion
C.A., le condensateur formant un condensateur de blocage C.C. ;
la seconde borne C.A. est connectée à la seconde borne d’extrémité de branche ; et
la connexion en série des segments de phase entre les première et seconde bornes de connexion C.C. est
telle qu’un premier point de connexion série (P1) dans un segment de phase est situé entre la première borne
d’extrémité de branche et le condensateur de blocage C.C., tandis qu’un second point de connexion série (P2)
est situé entre la seconde borne d’extrémité de branche et la seconde connexion C.A. ; le procédé comprenant :
la commande de la commutation des cellules de conversion de la branche de phase d’un segment de phase
pour fournir une tension selon l’expression suivante entre les premier et second points de connexion série (P1,
P2) d’un segment de phase : 

où k indique le kème segment de phase, k ∈ [1, P], P étant le nombre de phases du convertisseur C.A./C.C.

triphasé 300 ;  désigne une tension C.C. prédéterminée souhaitée entre les premier et second points de

connexion, où  UCC étant la tension entre les bornes de connexion C.C. ;  est une
tension C.A. de crête souhaitée entre les premier et second points de connexion, t est le temps, ω est la
fréquence angulaire souhaitée à la sortie C.A. et Θk est l’angle de phase souhaité.

16. Procédé selon la revendication 15 comprenant en outre, pour chaque segment de phase :

la mesure d’au moins une tension à partir de laquelle la tension C.C aux bornes du condensateur de blocage
C.C. du segment de phase peut être obtenue ; et
la commande de la commutation des cellules de conversion de la branche de phase en fonction du signal de
mesure de tension reçu de telle sorte que la tension C.C. aux bornes du condensateur de blocage C.C. du
segment de phase corresponde à la tension C.C. prédéterminée souhaitée.

17. Procédé selon la revendication 15 ou 16, comprenant en outre :

la mesure d’une quantité indicative d’une composante de séquence nulle de la tension de sortie C.A. du con-
vertisseur C.A./C.C. triphasé ;
la commande de la commutation d’au moins une cellule de conversion du convertisseur C.A./C.C. triphasé en
fonction de ladite quantité mesurée de façon à réduire les composantes de courant harmoniques en mode
commun côté C.C..

18. Procédé selon la revendication 17, dans lequel l’au moins une cellule de conversion qui est commandée de façon
à réduire les composantes de courant harmoniques en mode commun côté C.C fait partie d’un filtre actif (1000) qui
est connecté en série aux segments de phase.

19. Procédé selon la revendication 17, dans lequel l’au moins une cellule de conversion qui est commandée de façon
à réduire les composantes de courant harmoniques en mode commun côté C.C fait partie des cellules de conversion
des branches de phase des segments de phase.
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