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£ VALB1 | |'

|{@J| | |




WO 2017/050345 A1 IIWANT 00V 000 O

Published:
—  with international search report (Art. 21(3))



WO 2017/050345 PCT/EP2015/071558

10

15

20

25

30

AMULTILEVEL CONVERTER WITH A CHOPPER CIRCUIT

FIELD OF INVENTION

Thepresent invention generally relates to multilevel converters. More
particularly the present invention relatesto a multilevel converter
configured to convert between alternating current and direct current as
well asto amethod and computer program product for handling power
dissipation during faultsat an alternating current side or adirect current

side of the multilevel converter.

BACKGROUND

Power dissipating elements such asresistors and varistorsare of interest to
usein various power transmission situationsin order to dissipate

generated power when thereis afault alongthe power transmission path.

One exemplifying situation when such an element or circuit may be of
interest to useisin the case when thereisan isolated power generation
system, such as awindfarm or a hydro power solar panel farm connected
to an alternating current (AC) transmission system via adirect current
(DC) transmission system, such asaHigh Voltage Direct Current (HVDC)

power transmission system.

In thiscase, if thereisafault in the ACor inthe DC system, it is possible to
add aresistivecircuit to the AC system or a chopper circuit tothe DC
system. Both theresistive circuit and the chopper circuit would then
comprise aresistor and a switch for connectingthe resistor to the system
in question. In both casesthe resistor dissipates energy generated in the
power generation system and supportsthe frequency stability of the AC
system.
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In power transmission from remote power generation centerswhere DC
overhead lines are used, DC faults will be critical related to the complete
interruption of power transmission resultingin over-frequency conditions
of the generating units. A traditional DC chopper connected on a DC bus of
the DCtransmission system will not be able to absorb active power dueto
thelow DC voltage.

Traditionally such choppers have thus been placed in the DC system. An
example of this can be seen in CN 204179684.

For HVDC the cost of the switch becomes substantial dueto the high
voltage capability required and that the switch requiresdirect current
breaking capability. Solutionsto achieveintegration of the chopper
functionality in the main converterswould therefore be desirable.

One attractive placing of a chopper circuit isthusin a converter, such asa
voltage source converter converting between AC and DC and being placed
in such a DCtransmission system as a part of an interface to the AC power
generating system. Thistype of converter is often a modular multilevel

converter.

Thearticle ’THVDC and Power Electronic Systems for Overhead Line and
Insulated Cable Applications” by J. Dorn et al, CIGRE Colloquium on
HVDC and Power Electronic Systems, San Francisco 2012 suggests theuse
of amodularized chopper in such a voltage source converter. However, the
modularization of choppersisin many situations not economical dueto
the additional power electronic switchesrequired or feasiblerelated to the
thermal stresses and cooling requirements.

Thereisin view of thisaneed for an alternative chopper realization in a
converter converting between AC and DC and provided as a part of an
interface to a power generating system.
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SUMMARY OF THE INVENTION

The present invention isdirected towards providing a multilevel converter
that has an alternative chopper realization.

This object isaccordingto afirst aspect achieved through a multilevel
converter having an alternating current (AC) side and a Direct Current
(DC) side and being configured to convert between ACand DCand
comprising

at least two converter blocks connected in series between afirst and a
second DCterminal, and

achopper circuit connected between the converter blocks,

wherein

each converter block comprises a number of parallel valve arm strings,
where each valve arm string comprises an upper valve arm connected in
series with alower valve arm having a number of converter cells connected
in cascade,

amidpoint between the upper and lower valve arm of avalve arm stringin
thefirst converter block is connected to a corresponding primary AC
terminal and a midpoint between the upper and lower valvearmin a
corresponding valve arm string of the second converter block is connected
to a corresponding secondary AC terminal, and

the chopper circuit comprises a power dissipating element in parallel with
acircuit breaker.

Another object isto handle power dissipation during faults at the ACside
or the DC side of the multilevel converter according to the first aspect.

This object isaccording to a second aspect achieved through a method for
handling power dissipation during faults at an alternating current (AC)
sideor adirect current (DC) side of a multilevel converter configured to
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convert between AC and DC, the method being performed in the multilevel
converter and comprising

at least two converter blocks connected in series between afirst and a
second DCterminal, and

achopper circuit connected between the converter blocks,

wherein

each converter block comprises a number of parallel valve arm strings,
where each valve arm string comprises an upper valve arm connected in
serieswith alower valve arm having a number of converter cells connected
in cascade,

amidpoint between the upper and lower valve arm of avalve arm stringin
thefirst converter block is connected to a corresponding primary AC
terminal and a midpoint between the upper and lower valvearmin a
corresponding valve arm string of the second converter block is connected
to a corresponding secondary AC terminal, and

the chopper circuit comprises a power dissipating element in parallel with
acircuit breaker,

the method comprising

controlling the converter to dissipate energy received viathe ACterminals
upon the detection of afault at one of the sides of the multilevel converter.

This object isaccording to athird aspect also achieved through a computer
program product for handling power dissipation duringfaults at an
alternating current (AC) side or adirect current (DC) side of a multilevel
converter configured to convert between AC and DC, the multilevel
converter comprising

at least two converter blocks connected in series between afirst and a
second DCterminal, and

achopper circuit connected between the converter blocks,

wherein

each converter block comprises a number of parallel valve arm strings,

where each valve arm string comprises an upper valve arm connected in
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serieswith alower valve arm having a number of converter cells connected
in cascade,

amidpoint between the upper and lower valve arm of avalve arm stringin
thefirst converter block is connected to a corresponding primary AC
terminal and a midpoint between the upper and lower valvearmin a
corresponding valve arm string of the second converter block is connected
to a corresponding secondary AC terminal, and

the chopper circuit comprises a power dissipating element in parallel with
acircuit breaker,

the computer program product comprising a data carrier with computer
program code which computer program code when beingloadedin a
control unit for the multilevel converter is configured to cause the control
unit to

control the converter to dissipate energy received viathe ACterminals
upon the detection of afault at one of the sides of the multilevel converter.

Theinvention has a number of advantages. It allowsthe non-transferred
energy to be minimized and thereby also the frequency at the AC side may
be stabilized. Thecircuit breaker can be made simple, because it does not
need any current breaking capability dueto the ability of the converter to
control the current through the chopper circuit closeto zero. The cost of
the chopper circuit may thereby be reduced. The placing also makesthe
chopper operation available both for DC and AC side fault ride through.
Furthermorethe placing between the first and second converter blocks
allowsthe chopper circuit to have alow voltagerating, only defined by the
energy absorption requirements, which further simplifies the construction.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will in the following be described with reference
being made to the accompanying drawings, where
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fig. 1schematically shows a power generating system connected to an AC
grid viaa DC power transmission system,

fig. 2 schematically shows an interface between the DC power transmission
system and the power generating system, which interface comprises a
converter for converting between AC and DC,

fig. 3 schematically shows a flow chart of a number of method steps
performed in method for handling power dissipation during faults at one
of the sides of the converter , and

fig. 4 schematically shows a computer program product comprising
computer program code for handling power dissipation during faults at
one of the sides of the converter.

DETAILED DESCRIPTION OF THE INVENTION

In thefollowing, adetailed description of preferred embodiments of the

invention will be given.

Fig. 1 shows a power generating system 20, which comprises a number of
generators G 22, 24 and 26. These generators 22, 24 and 26 may be wind
millsin awindfarm park. They may also be hydro power generatorsin a
hydro power environment or solar panelsin asolar panel environment. |t
is also possible of a mixture of generators of different types. The power
generating system 20, which isan alternating current (AC) system isin
turn connected to afirst converter station of adirect current (DC) power
transmission system 10, wherethefirst converter station comprisesa first
converter 12 and afirst and second transformer 16 and 18. Thefirst
converter station is also an interface of the DC power transmission system
10 to the power generation system 20. It can furthermore be seen that the
power generating system 20 is connected to thefirst converter 12 viathe
first and second transformers 16 and 18. The DC power transmission
system 10 may as an example be aHigh Voltage Direct Current (HVDC)
power transmission system operating at voltages at or above 800 kV. The

converter 12 isa multilevel voltage source converter and therefore
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comprises a number of cells configured to provide voltage contributions
used for forming an AC waveform.

The DC power transmission system 10 comprisesa DClink over which
power istransmitted from the power generation system 20 to an AC grid
30. The DClink doesin this case comprise a pole P1and a ground return
GR which pole P1and ground return G1 may berealized in the form of
conductorsthat interconnect thefirst converter station comprising the
first converter 12 with a second converter station comprising a second
converter 14 and athird transformer 28. The second converter 14 also
converts between AC and DC. One or both of the pole P1and ground
return GR may furthermore be realized through an overhead line.

The second converter 14 isin turn connected to the AC grid 30 viathe
third transformer 28.

The DC power transmission system 10 is schematic and may be varied in a
number of ways. It should for instance berealized that it is possible that
the second converter 14 is connected to the AC grid 30 via two
transformersin the samewas asthefirst converter 12 is connected to the
power generating system 20. Furthermore the DC power transmission
system 10 shown isa so-called asymmetric monopole system. It should be
realized that it may also be symmetric monopole system, where the ground
return is replaced by a second pole, or a bipole system, in which casethere
would be two further converters one on each side of the DClink connected
in cascade with thefirst and second converters 12 and 14, respectively.
Furthermore, in the case of a bipole system the DClink would also
comprise a second poleinstead of or in addition to aground return. In this
casethefirst and the second converters would be connected between the
first pole and ground and the additional converters would be connected
between ground and the second pole.
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It should also be realized that the DCtransmission system 10 may be a
multi-terminal DCtransmission system comprising several converter

stationsand DClinks, thereby forming a DC grid.

Fig. 2 schematically shows a converter station that is an interface between
the power generation system 20 and the power transmission system 10.
This converter station is a part of the DC power transmission system 20
and comprisesthefirst converter 12 and thefirst and second transformers
16 and 18.

Thefirst converter 12 hasan AC side on which it comprises a number of
ACterminals ACA1, ACB1, ACC1, ACA2, ACB2, ACC2 for connection to the
first and second transformers 16 and 18. In the example of thefirst
embodiment the power generation network 20 is athree phase AC
network. For thisreason the AC side comprises connection terminals for
each phase. Thereishereaprimary and a secondary first phase terminal
ACA1and ACA2 for afirst AC phase, a primary and secondary second
phaseterminal ACB1and ACB2 for a second AC phase B and aprimary
and secondary third phase terminal ACC1and ACC2 for athird AC phase
C. Thefirst converter 12 also has a DC side, which DC side comprises a
first DCterminal DC1 connected to thefirst DC pole P1and a second DC
terminal DC2 connected to the ground return GR.

Thefirst converter 12 comprises at least two converter blocks, each
configured to convert between AC and DC. In the present example it
comprises afirst and a second converter block CB1and CB2. The converter
blocks CB1and CB2 are connected in series between thefirst and the
second DCterminal DC1and DC2 and between these converter blocks
thereis connected a chopper circuit CC. The chopper circuit CCisthus
connected in a series connection path between thefirst and second DC
terminals DC1and DC2.
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Each converter block CB1and CB2 comprises a number of parallel valve
arm strings VASA1, VASB1, VASC1, VASA2, VASB2 and VASC2, where
thereisonevalve arm string per phase. One end of the all the valvearm
strings VASA1, VASB1, VASC1 of thefirst converter block CB1isthus
connected to thefirst DCterminal DC1, with the other end of these strings
connected to afirst end of the chopper circuit CC. One end of all the valve
arm strings VASA2, VASB2, VASC2 of the second converter block CB2 isin
asimilar way connected to a second end of the chopper circuit CC, with the
other end of these strings connected to the second DCterminal DC2. Each
valve arm string furthermore comprises an upper valve arm and a lower

valvearm.

Thefirst converter block CB1thus comprisesafirst valvearm string
VASAT1 for thefirst phase A, a second valve arm string VASB1 for the
second phase B and a third valve arm string VASC1 for the third phase C.
Thefirst valve arm string VASA1 comprises an upper valve arm VAUA1
and alower valve arm VALA1. The second valve arm string VASB1
comprises an upper valve arm VAUB1and alower valve arm VALB1and
the third valve arm string VASC1 comprises an upper valve arm VAUCH
and alower valve arm VALCI.

In asimilar manner, the second converter block CB2 comprises a first
valve arm string VASA2 for thefirst phase A, a second valve arm string
VASB2 for the second phase B and a third valve arm string VASC2 for the
third phase C, where thefirst valve arm string VASA2 comprises an upper
valvearm VAUA2 and alower valvearm VALA2, the second valvearm
string VASB2 comprises an upper valve arm VAUB2 and alower valvearm
VALB2 and thethird valve arm string VASC2 comprises an upper valve
arm VAUC2 and alower valve arm VALC2.

All the valve arms furthermore comprise a number of cells connected in

cascade. As can be seen in fig. 2 thecellsin thisfigure are full-bridge cells.
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Each such cell comprises an energy storage element, here exemplified by a
capacitor C, which isconnected in parallel with afirst group of switches.
Thefirst group more particularly comprises series-connected switches.
Thereisalso a second group of switches connected in parallel with the
switches of thefirst group as well as with the energy storage element. Both
groups are here made up of two switches. Also the switches of the second
group areconnected in series with each other. Each switch may be formed
through atransistor, like an Insulated Gate Bipolar Transistor (IGBT),
with anti-parallel diode. |t should be realized that it is possible to use other
types of semiconductor devices of the turn-off type as switches, such as
Integrated Gate-Commutated Thyristors (IGCTs). The junction between
thetwo switches of thefirst group forms afirst cell connection terminal,
whilethejunction between the switches of the second group formsa
second cell connection terminal. Furthermore, ascan be seen in fig. 2, the
cellsareconnected in avalve arm with thefirst cell connection terminal

connected to the second cell connection terminal of a previous cell.

It should here berealized that as a variation of the above-described
converter configuration, the cellsin the lower valve arms VALA1, VALB1
and VALC1 of thefirst converter block CB1and the cells of the upper valve
arms VAUA2, VAUB2 and VAUC2 of the second converter block CB2 may
be half-bridge cells. Asis well-known one of the above-mentioned groups
of switchesisin this case removed and the cell connection terminal that
was present in thisgroup isinstead moved to ajunction between the
remaining group of switches and the energy storage element.

It can be seen in fig. 2 that a midpoint between the upper and lower valve
arm of avalvearm stringin thefirst converter block CB1is connected to a
corresponding primary ACterminal provided for a certain phaseand a
midpoint between the upper and lower valve arm in a corresponding valve
arm string of the second converter block CB2 is connected to a
corresponding secondary ACterminal for the same or another phase. It
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can also be seen that such a midpoint isconnected to the upper valve arm

via an upper phaseinductor and to the lower arm via alower arm inductor.

It can thus be seen that the midpoint of thefirst valve arm string VASA1 of
thefirst converter block CB1isconnected to the primary ACterminal ACA1
for thefirst phase A, while the midpoint of thefirst valve arm string
VASA2 of the second converter block CB2 is connected to the secondary
ACterminal ACA2 for thefirst phase A. Herethe primary terminal ACA1is
connected to acell of theupper valve arm VAUA1via a phase inductor and
to acell of the lower valve arm VALA1 via another phaseinductor, while
the secondary terminal ACA2 is connected to a cell of the upper valvearm
VAUA2 viaafurther phaseinductor and to a cell of the lower valve arm
VALAZ2 viayet another phaseinductor. |t should berealized that the order
in which cellsand inductors are connected in aphase arm may be varied. A
phase inductor may thus be connected between thefirst or the second DC
terminalsand the cells or between the chopper circuit and the cells.

Also the midpoint of the second valve arm string VASB1 of the first
converter block CB1isconnected to the primary ACterminal ACB1 for the
second phase B, whilethe midpoint of the second valve arm string VASB2
of the second converter block CB2 is connected to the secondary AC
terminal ACB2 for the second phase B. Herethe primary terminal ACB1is
connected to a cell of theupper valve arm VAUB1 via a phase inductor and
to acell of the lower valve arm VALB1 via another phase inductor, while
the secondary terminal ACB2 is connected to a cell of theupper valve arm
VAUB2 via afurther phaseinductor and to a cell of the lower valvearm
VALB2 viayet another phaseinductor.

The midpoint of the third valve arm string VASC1 of thefirst converter
block CB1is connected to the primary ACterminal ACC1 for thethird
phase C, while the midpoint of the third valve arm string VASC2 of the
second converter block CB2 is connected to the secondary ACterminal
ACC2 for the third phase C. Here the primary terminal ACC1is connected
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to acell of theupper valvearm VAUC1 viaa phase inductor and to a cell of
thelower valve arm VALC1 via another phase inductor, whilethe
secondary terminal ACC2 is connected to a cell of the upper valve arm
VAUC2 viaafurther phaseinductor and to a cell of the lower valve arm
VALC2 viayet another phaseinductor.

It can be seen that the first phase A of the power generation system 20 is
connected to the primary ACterminal ACA1viathefirst transformer 16
and to the secondary ACterminal ACA2 viathe second transformer 18,
that the second phase B of the power generation system 20 isconnected to
the primary ACterminal ACB1viathefirst transformer 16 and to the
secondary ACterminal ACB2 viathe second transformer 18 and that that
thethird phase C of the power generation system 20 is connected to the
primary ACterminal ACC1viathefirst transformer 16 and to the
secondary ACterminal ACC2 viathe second transformer 18.

It can furthermore be seen that the chopper circuit CC comprises aresistor
Rin parallel with acircuit breaker CB, which circuit breaker may be an AC
circuit breaker or aDCcircuit breaker. What isimportant isthat the
opening of thecircuit breaker is performed at or closeto zero current
levels through the chopper circuit CC. The resistance value of the resistor
may be chosen in relation to the required power dissipation and the
current capability of the valvearms. Theresistor Ris one exampleof a
resistive power dissipating element or power dissipating circuit that may
be used for dissipating power generated in the power generating system
20. A power dissipating element may as an example be another type of
resistive element. It may for instance be a varistor or an arrester, i.e. a

voltage dependent resistive element.

In order to operate the converter blocks CB1and CB2 and chopper circuit
CCthereisalso acontrol unit 32, which control unit 32 controlsthe
operation of the cells, through turning on and off the cell switches, as well
as controlsthe operation of thecircuit breaker CB.
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Now a first embodiment of theinvention will be described also with
reference being madeto fig. 3, which shows a flow chart of a number of
method stepsin amethod for handling power dissipation during faults on
the AC side or the DC side of the multilevel converter.

The exemplifying power generation system 20 may be an isolated system,
meaning that it may only be connected to the AC grid 30 viathe DC power
transmission system 10.

It may furthermore be a windfarm or a hydro power generating system and
for thisreason it may also be a weak system.

The DC power transmission system 10 may furthermore haveits DClink at
least partly provided through overhead lines.

There may occur afault in either the power generation system 20 or in the
DC power transmission system 10, i.e. either at the DC side or the AC side
of the converter 12. One example of such afault is a pole fault at the pole
P1. When afault occursit may be necessary to isolate the power
transmission system 10 from the power generating system 20 for
protective purposes.

However, the DC power transmission system 10 will in this case still
generate power and it may be necessary to dissipate this power through a
power dissipating element in order to stabilize the frequency of the power
generation system.

The chopper circuit CC of the converter 12 provides a resistor R that can be
used for this purpose.

In steady-state operation of the DCtransmission system 10 the cells of the
converter 12 are used for forming an AC voltage on the different AC phase
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terminals. The cellsof avalvearm string arethen controlled to form a
waveform resembling a sine wave, where the cell switches are switched
such that the voltage contributions of the cell capacitorsare madeto form
the waveform. Thefirst valve arm strings VASA1and VASA2 of both the
first and second converter block CB1 and CB2 may be made to form the
waveform of thefirst phase, the second valve arm strings VASB1 and
VASB2 of both thefirst and second converter blocks CB1and CB2 may be
made to form the waveform of the second phase and the third valve arm
strings VASC1 and VASC2 of both thefirst and second converter block CB1
and CB2 may be madeto form the waveform of the third phase. The
waveforms of the two blocks CB1and CB2 may bein-phase or phase-
shifted in relation to each other depending on in which way the two
transformers are connected. Furthermorein order to transmit power
generated by the power generating system 20, the voltage between the first
and second DCterminals DC1and DC2 of thefirst converter 12is
somewhat higher than the voltage between the corresponding terminals of
the second converter 14, thereby achieving atransfer of power viathe DC
link.

Hereit maybe mentioned that the provision of two converter blocksin this
way allows the provision of very high DC voltages without having to use
large and bulky transformers.

Now, as was mentioned above, there may occur afault on either side of the
converter 12, for instance a DC fault through the pole P1 being short-
circuited. Thereby the pole P1will experience a zero voltage at the location
of the fault, which will cause a fault current to enter the converter 12.

This may mean that afault current may run from the DC system 10 and
into the converter 12. This current may furthermore be harmful to the
converter 12, which may therefore need to beisolated from the system 10.
However, this will also lead to the power generation system 20 being
isolated from the DCtransmission system 10. Thismay in turn leadto a
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need for dissipating power generated by the power generating system 20,
especially if the frequency of the power generating system 20 isto be kept
stable.

The method therefore starts with afault being detected, step 34, for
instance a DC fault. This detection may be made by the control unit 32
itself. Asan alternativeit ispossiblethat the control unit 32 isinformed
about the fault by a dedicated fault handling circuit, which fault handling
circuit in the case of a DC fault would be provided in the DC power

transmission system 10.

After the fault has been detected it isthereafter necessary toisolatethe
first converter 12 from the DC system 10. Thisis donethrough controlling
at least one set of valve arms connected to the DCterminals DC1 and DC2
to reduce acurrent originating from the DC side to zero, step 36. The
control isthusacontrol to stop the current from the DC side using valve
arms connected to a DCterminal. The set may comprise all the upper valve
arms VAUA1, VAUB1, VAUCI1 of thefirst converter block CB1 or all the
lower valve arms VALA2, VALB2, VALC2 of the second converter block
(CB2). The armsthat can be used for thisisolation arethusthe upper arms
VAUA1, VAUB1, VAUC1 of thefirst converter block CB1and the lower
arms VALA2, VALB2 and VALC2 of the second converter block CB2. It is
here possible that only one of the converter blocksisused for this. Itis
thus possible to only use the upper arms VAUA1, VAUB1, VAUC1 of the
first converter block CB1 or the lower arms VALA2, VALB2 and VALC2 of
the second converter block CB2. Alternatively it is possible to use both
converter blocks, i.e. to use two such sets connected to the Dcterminals
DC1and DC2.

In onevariation of theinvention, the cells of one of these sets of connected
valve arms are blocked. I n this case either the cells of the upper arms
VAUA1, VAUB1, VAUC1 of thefirst converter block CB1 or the cells of the
lower arms VALA2, VALB2 and VALC2 of the second converter block CB2
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are blocked. A blockinginvolves the switches being turned off or the valves
being opened. The control signalsfor operating the cells may also be
disabled. Thereby the fault current being fed through the armsis blocked
by the cell capacitors. Thearmsthat havetheir cells blocked are then
termed inactive, while cellsthat have their cells operable are active.

As an alternativeit is possiblethat all cells are kept active. In this case
either of the sets of arms or both may be controlled so that they lower the
DC current down to zero. Thistype of control may be somewhat harder to
realize since the steady-state current control has a resolution adapted to
the state-state current levels, which are typically very high.

Thereafter the control unit 32 controlsthe converter 12 to dissipate energy
received viathe ACterminals. This may involve controllingthe lower valve
arms VALA1, VALB1, VALC1 of thefirst converter block CB1and upper
valve arms VAUA2, VAUB2, VAUC2 of the second converter block CB2 to
reduce the current through the chopper circuit CC. Asthe DCcurrent is
already zero thismeansthat the current contribution from the power
generating system 20 is now reduced.

The control may more particularly comprise controlling the lower valve
arms VALA1, VALB1, VALC1 of thefirst converter block CB1and the upper
valvearms VAUA2, VAUB2, VAUC2 of the second converter block CB2 to
reducethecurrent through the chopper circuit CCto alevel at which
circuit breaker operation may be performed, step 38, i.e. to acircuit
breaker operation level. If the circuit breaker CBis an AC circuit breaker,
the control unit 32 the circuit breaker operation level may bethelevel
wherethecurrent isto bedisrupted, i.e. acurrent disrupting current level,
such as zero. Thelevel may in this case be a zero current level. In this case
circuit breaker operation thus starts at a zero current level, which isa

current disrupting level.
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However, if the circuit breaker CBisaDCcircuit breaker, this control may
involvethelower valve arms VALA1, VALB1, VALC1 of thefirst converter
block CB1and theupper valve arms VAUA2, VAUB2, VAUC2 of the second
converter block CB2 being controlled to limit the current through the
chopper circuit CCto alevel at which the DC circuit breaker can operate,
i.e.tothecircuit breaker operation level. In this casethe DC circuit breaker
may, during the circuit breaker operation, then take care of thefinal
current reduction needed for obtaining the current disrupting level, such

as zero.

When in the circuit breaker operation a current disrupting level has been
obtained, the control unit 32 then opensthe circuit breaker CB, step 40.
The control unit 32 thus controlsthecircuit breaker to open at a current
disrupting level that has been obtained during the circuit breaker
operation. Thereby it isnow possible for current to run through the
resistor R and the power of the power generation system 20 thereby
getting dissipated.

In order to achieve this power dissipation, the control unit 32 controlsthe
valve armsthat are connected to the chopper circuit CC, i.e. the lower valve
arms VALA1, VALB1, VALC1 of thefirst convert block CB1and the upper
valvearms VAUA2, VAUB2, VAUC2 of the second converter block CB2, to
raise the current through the chopper circuit CC, step 41. It isthen raised
to alevel that achievesthe desired dissipation of generated power.
Thereafter the control unit 32 controls the same valve arms VALAA1,
VALB1, VALC1, VAUA2, VAUB2 and VAUC2 so that the current from the
ACsideisdissipated through theresistor R, step 42. Thevalvearmsare
thus controlled to let acurrent originating on the AC side of the converter
to bedissipated through theresistor R.

At the sametimeasthis power dissipation takes placeit is possible to
perform reactive support of the power generating system 20. In this
reactive support it isthen possible to use all active valve arms. Thereactive
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power compensation may thereby be performed through the control unit
32 controlling the active arms to perform reactive support of the power
generating system, step 44. Thismeansthat at least three out of four valve
arms may be used for reactive support. In all casesthe lower valve arms
VALA1, VALB1, VALC1 of thefirst converter block CB1and the upper valve
arms VAUA2, VAUB2, VAUC2 of the second converter block CB2 may be
used. In addition to thisone or both of the sets made up of the upper valve
arms VAUA1, VAUB1 and VAUC1 of thefirst converter block CB1and the
lower valve arms VALA2, VALB2 and VALC2 of the second converter block
CB2 may be used in dependence of if the cells of a set of valvearmsare
blocked for stoppingthe DCcurrent and if thisisthe casein which set the
cellsare blocked. A converter arm with the cells being blocked can thus not
contributeto reactive power compensation. If for instance the cells of the
upper valve arms VAUA1, VAUB1 and VAUC1 of thefirst converter block
CB1areused, then only the lower valve arms VALA2, VALB2 and VALC2
of the second converter block CB2 are used together with the valve arms
VALA1, VALB1, VALC1, VAUA2, VAUB2 and VAUC2 for reactive power

compensation.

Thereafter the control unit 32 waits for a detection of the fault being
cleared. The detection may yet again be performed by the control unit 32
or dedicated fault handling circuits, for instance dedicated fault handling
circuitsin the DC power transmission system 10.

When aclearing has been detected, step 46, the control unit 32 controls
the converter (12) to stop dissipating energy received viathe AC side.

This control may comprise the control unit 32 again controlling the lower
valve arms VALA1, VALB1, VALC1 of thefirst converter block CB1and the
upper valve arms VAUA2, VAUB2, VAUC2 of the second converter block
CB2to reducethe current through the chopper circuit CCto alevel at
which circuit breaker operation may be performed, step 48, i.e. to acircuit
breaker operation level, which may be a zero level.
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A suitable current disrupting level may then be obtained in the same way
as was described earlier. When a suitable current disrupting level isthen
obtained, the control unit 32 controlsthe circuit breaker CB to close
during said circuit breaker operation. It thusclosesthe circuit breaker CB,
step 50. This meansthat now current will bypasstheresistor R and
thereby power dissipation ceases. The current disrupting level does not
haveto be zero. The control objectives at this stage could instead be to
minimize any bump or over-current through the valve armsthat could
arise at the sudden short circuit of the chopper resistor by closing the
circuit breaker.

Thereafter normal operation isresumed, step 52, which may involve the
control unit 32 to controlling valve arms connected to the DCterminalsto
allow DCcurrent to again flow through the converter 12, which may
involve a de-blocking of blocked valve arms. The resuming of normal
operation may also comprise changing current control mode for delivery of

power.

Theinvention hasanumber of advantages. It minimizesthe non-
transferred energy and thereby also stabilizes the frequency of the power
generation system. It isalso ableto provide reactive support of this power
generation system. The circuit breaker can be made simple, because it does
not haveto any current breaking capability due to the ability of the
converter to control the current through the chopper circuit - close to zero.
Cost of the chopper is significantly reduced as well as the chopper
operation being available both for DC and AC side fault ride through.

In the example above there were two converter blocks between thetwo DC
terminals. It should however berealized that there may be more converter
blocks between the terminals, for instancethree or four. In this case there
may be a chopper circuit between each converter block. Furthermorethe
two transformers may be Y/ Y-connected or Y/ A-connected.
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The control unit 32 may berealized in the form of discrete components,
such as an application-specific integrated circuit (ASIC) or a Field-
Programmable Gate Array (FPGA) circuit. However, it may also be
implemented in the form of a processor with accompanying program
memory comprising computer program code that performsthedesired
control functionality when being run on the processor. A computer
program product carrying this code can be provided asadata carrier such
asoneor more CD ROM discs or one or more memory sticks carrying the
computer program code, which performsthe above-described control
functionality when being loaded into the control unit. One such data
carrier in the form of a CD Rom disk 54 carrying computer program code
56 isshown in fig. 4.

From the foregoing discussion it is evident that the present invention can
be varied in a multitude of ways. It shall consequently be realized that the
present invention is only to be limited by the following claims.
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1. A multilevel converter (12) having an alternating current (AC)
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side and a Direct Current (DC) side and being configured to convert
between AC and DC and comprising

at least two converter blocks (CB1, CB2) connected in series between afirst
and a second DCterminal (DC1, DC2), and

achopper circuit (CC) connected between the converter blocks (CB1, CB2),
wherein

each converter block (CB1, CB2) comprises a number of parallel valve arm
strings (VASA1, VASB1, VASC1, VASA2, VASB2, VASC2), where each valve
arm string comprises an upper valvearm (VAUA1, VAUB1, VAUCH,
VAUA2, VAUB2, VAUC2) connected in serieswith alower valve arm
(VALA1, VALB1, VALC1, VALA2, VALB2, VALC2) having a number of
converter cells connected in cascade,

amidpoint between the upper and lower valve arm (VAUA1, VALA1,
VAUB1, VALB1, VAUCH1, VALC1) of avalve arm string (VASA1, VASB1,
VASC1) in thefirst converter block (CB1) is connected to a corresponding
primary ACterminal (ACA1, ACB1, ACC1) and a midpoint between the
upper and lower valvearm (VAUA2, VALA2, VAUB2, VALB2, VAUC2,
VALC2) in a corresponding valve arm string (VASA2, VASB2, VASC2) of
the second converter block (CB2) is connected to a corresponding
secondary ACterminal (ACA2, ACB2, ACC2), and

the chopper circuit (CC) comprises a power dissipating element (R) in
parallel with acircuit breaker (CB).

2. The multilevel converter accordingto claim 1, wherein the multilevel
converter (12) iscontrollable to dissipate energy received viathe AC
terminals upon the detection of afault at one of the sides.

3. The multilevel converter accordingto claim 2, wherein, in order to
obtain said energy dissipation and upon the detection of said fault, at least
one set of valve arms connected to the DCterminals, is controllable to
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reduce the fault current from the DC side to zero and the converter when
being controllable to dissipate energy received viathe ACterminals
comprises the lower valve arms (VALA1, VALB1, VALC1) of thefirst
converter block (CB1) and the upper valve arms (VAUA2, VAUB2, VAUC2)
of the second converter block (CB2) being controllable to reducethe
current through the chopper circuit to alevel at which circuit breaker
operation may be performed, the circuit breaker of the chopper circuit
being controllableto open during said circuit breaker operation, and the
lower valve arms (VALA1, VALB1, VALC1) of thefirst converter block
(CB1) and the upper valve arms (VAUA2, VAUB2, VAUC2) of the second
converter block (CB2) being controllableto let acurrent originating on the
AC side of the converter to be dissipated through the power dissipating
element of the chopper circuit.

4. The multilevel converter accordingto claim 3, wherein the cells of said
set are controllable to reduce the current through the converter (12)
originating from the DC side to zero through being blockable.

5. The multilevel converter according to any of claims 2 - 4, the multilevel
converter (12) being further controllable to stop dissipating energy
received viathe AC side upon the detection of aclearing of the fault.

6. The multilevel converter accordingto claim 5 when depending on claim
3, wherein the converter when being controllable to stop dissipating
energy comprises thecircuit breaker of the chopper circuit being
controllableto close and said at least one set of valve arms being
controllableto allow DC current to again flow through the converter.

7. The multilevel converter according to any previous claim, wherein the
lower valve arms (VALA1, VALB1, VALC1) of thefirst converter block
(CB1) and the upper valve arms (VAUA2, VAUB2, VAUC2) of the second
converter block (CB2) arecontrollableto perform reactive power
compensation in relation to the AC side of the converter (12).
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8. The multilevel converter accordingto any previous claim, wherein the

circuit breaker is an ACcircuit breaker.

9. The multilevel converter accordingto any of claims 1- 7, wherein the
circuit breaker isa DCcircuit breaker.

10. The multilevel converter according to any previous claim, further
comprising a control unit (32) configured to control the converter blocks
and the chopper circuit.

11. The multilevel converter according to any previous claim, wherein at
least the cells of the upper valve arms of the first converter block and the
cells of the lower valve arms of the second converter block are full-bridge
cells.

12. The multilevel converter accordingto any of claims 1- 10, wherein all
the cellsin the converter are full-bridge cells.

13. A method for handling power dissipation during faults at an alternating
current (AC) sideor a Direct Current (DC) side of a multilevel converter
(12) configured to convert between AC and DC, the method being
performed in the multilevel converter (12) and comprising

at least two converter blocks (CB1, CB2) connected in series between afirst
and a second DCterminal (DC1, DC2), and

achopper circuit (CC) connected between the converter blocks (CB1, CB2),
wherein

each converter block (CB1, CB2) comprises a number of parallel valve arm
strings (VASA1, VASB1, VASC1, VASA2, VASB2, VASC2), where each valve
arm string comprises an upper valvearm (VAUA1, VAUB1, VAUCH,
VAUA2, VAUB2, VAUC2) connected in serieswith alower valve arm
(VALA1, VALB1, VALC1, VALA2, VALB2, VALC2) having a number of
converter cells connected in cascade,
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amidpoint between the upper and lower valve arm (VAUA1, VALA1,
VAUB1, VALB1, VAUCH1, VALC1) of avalve arm string (VASA1, VASB1,
VASC1) in thefirst converter block (CB1) is connected to a corresponding
primary ACterminal (ACA1, ACB1, ACC1) and a midpoint between the
upper and lower valvearm (VAUA2, VALA2, VAUB2, VALB2, VAUC2,
VALC2) in a corresponding valve arm string (VASA2, VASB2, VASC2) of
the second converter block (CB2) is connected to a corresponding
secondary ACterminal (ACA2, ACB2, ACC2), and

the chopper circuit (CC) comprises a power dissipating element (R) in
parallel with a circuit breaker (CB),

the method comprising

controlling (42) the multilevel converter to dissipate energy received via
the ACterminalsupon the detection (34) of afault at one of the sides of

the multilevel converter.

14. The method according to claim 13, further comprising, in order to
obtain said energy dissipation and upon the detection of said fault,
controlling (36) at least one set of valve arms connected tothe DC
terminalsto reduce a current originating from the DC side to zero, where
the controlling of the converter to dissipate energy received viathe AC
terminals comprises controlling (38) the lower valve arms (VALA1, VALB1,
VALCH1) of thefirst converter block (CB1) and the upper valve arms
(VAUA2, VAUB2, VAUC2) of the second converter block (CB2) to reduce
the current through the chopper circuit (CC) to alevel at which circuit
breaker operation may be performed, controlling (40) thecircuit breaker
of the chopper circuit (CC) to open during said circuit breaker operation
and controlling (42) the lower valve arms (VALA1, VALB1, VALC1) of the
first converter block (CB1) and the upper valve arms (VAUA2, VAUB2,
VAUCQC2) of the second converter block (CB2) to let a current originating on
the AC side of the converter to be dissipated through the power dissipating
element (R) of the chopper circuit (CC).
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15. The method according to claim 14, wherein the cells of said set are
controlled to reduce the current through the converter (12) originating
from the DCsideto zero through being blocked.

16. The method according to any of claims 13 - 15, further comprising
controlling (44) the lower valve arms (VALA1, VALB1, VALC1) of thefirst
converter block (CB1) and the upper valve arms (VAUA2, VAUB2, VAUC2)
of the second converter block (CB2) to perform reactive power
compensation in relation to the AC side of the converter (12).

17. The method according to any of claims 13 - 16, further comprising
controlling the multilevel converter (12) to stop dissipating energy received
viathe AC side upon the detection (46) of aclearing of the fault.

18. The method according to claim 17 when depending on claim 14,
wherein the controlling of the chopper circuit (CC) to stop dissipating
comprises controlling (50) thecircuit breaker (CB) of the chopper circuit
(CC) to close, the method further comprising controlling (52) said at least
one set of valvearmsto allow DCcurrent to again flow through the
converter (12).

19. A computer program product for handling power dissipation during
faults at an alternating current (AC) side or a Direct Current (DC) sideof a
multilevel converter (12) configured to convert between AC and DC, the
multilevel converter (12) comprising

at least two converter blocks (CB1, CB2) connected in series between a
first and a second DCterminal (DC1, DC2), and

achopper circuit (CC) connected between the converter blocks (CB1, CB2),
wherein

each converter block (CB1, CB2) comprises a number of parallel valve arm
strings (VASA1, VASB1, VASC1, VASA2, VASB2, VASC2), where each valve
arm string comprises an upper valvearm (VAUA1, VAUB1, VAUCH,
VAUA2, VAUB2, VAUC2) connected in serieswith alower valve arm
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(VALA1, VALB1, VALC1, VALA2, VALB2, VALC2) having a number of
converter cells connected in cascade,

amidpoint between the upper and lower valve arm (VAUA1, VALA1,
VAUB1, VALB1, VAUCH1, VALC1) of avalve arm string (VASA1, VASB1,
VASC1) in thefirst converter block (CB1) is connected to a corresponding
primary ACterminal (ACA1, ACB1, ACC1) and a midpoint between the
upper and lower valvearm (VAUA2, VALA2, VAUB2, VALB2, VAUC2,
VALC2) in a corresponding valve arm string (VASA2, VASB2, VASC2) of
the second converter block (CB2) is connected to a corresponding
secondary ACterminal (ACA2, ACB2, ACC2), and

the chopper circuit (CC) comprises a power dissipating element (R) in
parallel with a circuit breaker (CB),

the computer program product comprising adata carrier (54) with
computer program code (56), which computer program code when being
loaded in a control unit for the multilevel converter (12) is configured to
cause the control unit (32) to

control the multilevel converter to dissipate energy received viathe AC
terminals upon the detection (34) of afault at one of the sides of the

multilevel converter.

PCT/EP2015/071558
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