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(57) Abstract: An arrangement for exchang-
ing power, in shunt connection, with a three-
phase electric power network (1) comprises a
Voltage Source Converter (5) having at least
three phase legs (6-11) with each a series
connection of switching cells (15). Each
switching cell has at least two semiconductor
26 assemblies (16, 17) connected in series and
! 25 having each a semiconductor device (18) of
J turn-off- type and a rectitying element (19)
connected in anti-parallel therewith and at
least one energy storing capacitor (20). A
control unit (41) is configured to control the
semiconductor devices of each switching cell
5T 30 and to deliver a voltage across the terminals

thereof being zero or U, in which U is the
33 voltage across the capacitor. The control unit
P - is also configured to calculate a value for am-
plitude and phase position for a second nega-
] tive sequence-current or a zero-sequence
: voltage or a value of a dc current for which,

23

Fig 1

when added to said three phase legs upon
generation of a negative-sequence current,
the resulting energy stored in the energy stor-
ing capacitors in each said phase leg will be
constant and to control the semiconductor

devices of said switching cells of the phase legs to add such a current or voltage to the currents and voltages, respectively, of each

phase leg of the converter.
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An arrangement for exchanging power
TECHNICAL FIELD OF THE INVENTION

The present invention relates to the technical field of exchang-
ing power with a three-phase electric power network with differ-
ent aims, such as for obtaining reactive power compensation,
stabilize the electric power network and reduce disturbances
therein, such as reducing harmonics in the network generated
by a load connected thereto.

Compensation of reactive power flows in electric power net-
works conventionally occurs, inter alia, by connection of reactive
impedance elements in the form of inductors and capacitors in
shunt connection to the power network. By connecting a semi-
conductor switch in series with such an inductor the current
through the inductor may be controlled and hence also the ex-
change of reactive power with said network. By connecting a
semiconductor switch in series with such a capacitor and control
thereof reactive power supply to the power network may be
controlled in steps. Capacitors connected in shunt connection
are used primarily in industrial networks to compensate for re-
active power consumption in for example large asynchronous
motors. Another application of such an arrangement is in con-
nection with loads with a greatly varying reactive power con-
sumption, such as in industrial arc furnaces, where instability
with respect to power transmitted through the different phases of
the network may occur.

BACKGROUND OF THE INVENTION

An arrangement of this type is known through for example US
5532 575 and the article “A Multilevel Voltage-Source inverter
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with Separate DC Sources for Static Var Generation”, 1995
IEEE, pages 2541-2548. A Voltage Source Converter having
phase legs formed by a so-called chain-link of H-bridge cells
each having at least one energy storing capacitor is there used
in an arrangement for exchanging power with a three-phase
electric power network. The advantage of such a use is that al-
ready at a comparatively low number of such switching cells
connected in series a comparatively high number of different
levels of said voltage pulse delivered by the converter may be
obtained, so that a said voltage with fundamental frequency
having a shape being very close to a sinusoidal voltage may be
obtained already without any smoothing filters. Furthermore, this
may be obtained already by means of substantially lower
switching frequencies than used in two or three level Voltage
Source Converters. Furthermore, this makes it possible to obtain
substantially lower losses and also reduces problems of filtering
and harmonic currents and radio interferences, so that equip-
ment therefor may be less costly. This altogether results in both
a better performance of the arrangement and saving of costs
with respect to such arrangements having converters with no
energy storing capacitors built in into the switching cells.

It is of importance for reliable and efficient operation of such an
arrangement that the energy stored in the capacitor of each
switching cell of the converter is kept constant for keeping the
direct voltage of each said cell constant. This implies that the
converter in this known arrangement having wye-connected
phase legs can only generate reactive power, i.e. the current
component is a positive-sequence current and is in quadrature
to the voltage at the respective phase leg terminal of the con-
verter. This is due to the fact that when a negative-sequence
current is generated by a wye-connected converter and a posi-
tive-sequence voltage is assumed, then the energy in said ca-
pacitors will increase/decrease between phases resulting in di-
rect voltage variations across the capacitors.
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However, it may in some situations be very important to be able
to create a negative-sequence current in order to move power
from one of the phases of the power network to the other for
obtaining balance of the power flow in an instable network or
otherwise reducing disturbances in the network.

It is of course an ongoing attempt to improve arrangements of
the type defined in the introduction.

SUMMARY OF THE INVENTION

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

This object is according to the invention obtained by providing
such an arrangement, which is characterized in that each said
switching cell has on one hand at least two semiconductor as-
semblies connected in series and having each a semiconductor
device of turn-off type and a rectifying element connected in
anti-parallel therewith and on the other at least one energy
storing capacitor as well as two terminals connecting the cell to
adjacent cells in said series connection of switching cells, that
the three phase legs of the Voltage Source Converter are at one
first end thereof interconnected in a neutral point hanging freely
by forming a wye-connection and at the other second end con-
nected to a phase each of said three-phase electric power net-
work, that the arrangement further comprises means configured
to detect electrical conditions of said three phase electric power
network and a control unit configured to control said semicon-
ductor devices of said semiconductor assemblies of each
switching cell and by that each switching cell dependent upon
information received from said detecting means to deliver a
voltage across the terminals of each said switching cell being
zero or U, in which U is the voltage across said capacitor, for
together with other switching cells of the phase leg at said sec-



10

15

20

25

30

35

WO 2010/145708 PCT/EP2009/057627

ond end deliver a voltage pulse being the sum of the voltages so
delivered by each switching cell, and that said control unit is
configured, upon receipt of information from said detecting
means causing a need to generate a negative-sequence current,
to calculate a value for amplitude and phase position for a sec-
ond negative-sequence current or a zero-sequence voltage or a
value of a dc current for which, when added to said three phase
legs upon generation of said negative-sequence current, the re-
sulting energy stored in said energy storing capacitors in each
said phase leg will be constant and to control the semiconductor
devices of said switching cells of the phase legs to add such a
zero-sequence voltage, second negative-sequence current or dc
current to the currents and voltages, respectively, of each phase
leg of the converter.

Thus, the present inventor has realized that it is possible to
utilize a so-called M2LC-converter having two-level switching
cells as disclosed in for instance DE 101 03 031 A1 in an ar-
rangement of this type by not connecting the DC poles to any
line as in that case but instead interconnecting the three phase
legs of the converter at one end in a neutral point hanging freely
by forming a wye-connection and at the other second end con-
necting them to a phase each of a three-phase electric power
network. Furthermore, by designing the control unit to calculate
said zero-sequence voltage or said currents and add this to the
reference current and voltage, respectively, when controlling the
semiconductor devices of the switching cells of each phase leg
of the converter a negative-sequence current may be generated
when a need thereof arises while ensuring that the voltage and
the current in each phase will be in quadrature and by that no
charging or discharging of any capacitor will occur, so that the
resulting energy stored in the capacitors in each phase will be
constant. Instabilities in said power network, for instance due to
great variations in the power consumption of an electric arc fur-
nace connected thereto or flicker, may be compensated by cre-
ating a negative-sequence current moving power from one of the
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phases to another by just carrying out such calculation and con-
trol of semiconductor devices of the switching cells for the
negative-sequence current desired to be generated.

According to an embodiment of the invention said Voltage
Source Converter has only three phase legs, which are at said
second end only connected to a phase each of said three phase
electric power network, and said control unit is configured, upon
receipt of information from said detecting means causing a need
to generate a negative-sequence current, to calculate a value
for amplitude and phase position for a zero-sequence voltage for
which, when added to said three phase legs upon generation of
said negative-sequence current, the resulting energy stored in
said energy storing capacitors in each said phase leg will be
constant and to control the semiconductor devices of said
switching cells of the phase legs to add such a zero-sequence
voltage to the voltages of each phase leg of the converter. Thus,
it has been found that such a so-called half-converter of the
M2LC-type with two-level switching cells may in fact be used in
an arrangement of this type to generate a negative-sequence
current while keeping the resulting energy stored in the energy
storing capacitors in each said phase leg at a constant level by
calculating a zero-sequence voltage reference to be added to
the voltage reference for the control of said semiconductor de-
vices. This means that an arrangement which may efficiently
take care of said instabilities in a said power network may be
provided to a cost being comparatively low in this context.

According to another embodiment of the invention said Voltage
Source Converter comprises three further, second phase legs
identical to said three phase legs first mentioned at one first end
interconnected in a neutral point hanging freely by forming a
wye-connection and at the other second end connected to a
phase each of said three phase electric power network as well
as to one said second end each of said three phase legs first
mentioned, and that said control unit is configured, upon receipt
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of information from said detecting means causing a need to
generate a negative-sequence current, to calculate a value for
amplitude and phase position for a second negative-sequence
current or a dc current for which, when added to said six phase
legs upon generation of said negative-sequence current, the
resulting energy stored in said energy storing capacitors in each
said phase leg will be constant and to control the semiconductor
devices of said switching cells of the phase legs to add such a
negative-sequence current or dc current to the currents of each
phase leg of the converter. By using such a so-called full M2LC-
converter in said arrangement it will be possible to add a second
negative-sequence current or a dc current for keeping the re-
sulting energy stored in the energy storing capacitors in each
phase leg constant while generating a negative-sequence cur-
rent, which results in a possibility to have less switching cells
connected in series in each phase leg than when using a zero-
sequence voltage reference, so that costs for such cells may be
saved. Furthermore, the use of such a Voltage Source Converter
in a said arrangement results in a possibility to handle higher
powers than in the embodiment with a half M2LC-converter to-
pology, and the control of such a converter will also be less
complicated. The currents thus generated may be DC currents
generated within the converter, in which the DC current of the
same phase (phase legs interconnected at said second end) of
the two half converters in such an arrangement is of equal mag-
nitude but phase opposite and the sum of the DC currents of all
three phases is then zero, so that no DC current is flowing out of
the converter. The currents may also be a second negative-se-
quence current circulating only within the converter.

It is pointed out that the expression “keeping the resulting en-
ergy stored in the energy storing capacitors in each phase leg
constant” is in this disclosure to be interpreted broadly and shall
also cover the case of adding a zero-sequence current or volt-
age for restoring energy balance between the phase legs should
an unbalance have occurred.
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According to another embodiment of the invention each phase
leg of the Voltage Source Converter has a reactive impedance
element connected in series therewith for influencing the flow of
reactive power between the arrangement and said network, and
this reactive impedance element comprises according to another
embodiment of the invention a capacitor and to a further em-
bodiment of the invention an inductor for reactive power genera-
tion and consumption of reactive power, respectively.

According to another embodiment of the invention the number of
switching cells of said series connection of switching cells in
each phase leg of the Voltage Source Converter is =2 4, 28 or
=>12. Although a cost saving of an arrangement of this type is
obtained by the reduced number of switching cells connected in
series required, the use of a converter of this type is particularly
interesting when the number of switching cells in said series
connection is rather high resulting in a high number of possible
levels of the voltage pulses delivered by the converter.

According to another embodiment of the invention said semi-
conductor devices of said semiconductor assemblies are IGBTs
(Insulated Gate Bipolar Transistor), IGCTs (Integrated Gate
Commutated Thyristor) or GTOs (Gate Turn-Off thyristor). These
are suitable semiconductor devices for such converters, al-
though other semiconductor devices of turn-off type are also
conceivable.

According to another embodiment of the invention said Voltage
Source Converter has a capacity to together with said reactive
impedance element connected in series therewith generate a
voltage with a fundamental frequency being equal to the funda-
mental frequency of the voltage of the respective phase of the
electric power network with an amplitude of 20 kV-500 kV, pref-
erably 30 kV-200 kV. Such an arrangement will be suitable for
exchanging power with for instance a high-voltage transmission
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line typically carrying a voltage of 132-500 kV or a power net-
work feeding an industrial arc furnace with a fundamental volt-
age of 36 kV.

The present invention also relates to a method of generating a
negative-sequence current in an arrangement for exchanging
power, in shunt connection, with a three-phase electric power
network according to the appended independent method claim.
The advantages and advantageous features of such a method
and of the methods according to the embodiments of the inven-
tion defined in the enclosed dependent method claims appear
clearly from the above discussion of different embodiments of an
arrangement according to the invention.

The invention also relates to a use of an arrangement according
to the invention for exchanging power with a three-phase elec-
tric power network, in which preferable such uses are for ex-
changing power with the power network feeding an industrial arc
furnace and with a three-phase electric power network in the
form of a high-voltage transmission line.

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

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows a spe-
cific description of embodiments of the invention cited as exam-
ples.

In the drawings:
Fig 1 is a very simplified view showing the general structure

of an arrangement according to a first embodiment of
the invention, and
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Fig 2 is a view similar to Fig 1 of an arrangement according
to a second embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVEN-
TION

Fig 1 schematically illustrates the general structure of an ar-
rangement according to a first embodiment of the invention for
exchanging power, in shunt connection, with a three-phase
electric power network 1 of any conceivable type and here indi-
cated by three phase lines 2-4 thereof. This network may for in-
stance be a power network feeding an industrial arc furnace or
any other equipment typically operating with a voltage of 36 kV.
If the arrangement is to be connected to a network in the form of
a high-voltage transmission line, which typically carries a much
higher voltage, such as in the order of 132-500 kV, the ar-
rangement is to be connected thereto through a transformer not
shown in Fig 1.

The arrangement comprises a Voltage Source Converter 5 hav-
ing a full M2LC-converter topology by having six sub-phase legs
6-11 interconnected in couples 6 and 9, 7 and 10 and 8 and 11
with a mid point 12-14 of each such couple forming an output for
connection to a phase 2-4 each of the three-phase electric
power network.

Said sub-phase legs have each a series connection of switching
cells 15. Each such switching cell has on one hand at least two
semiconductor assemblies 16, 17 connected in series and hav-
ing each a semiconductor device 18 of turn-off type, such as for
instance an IGBT, and a rectifying element 19, such as a free-
wheeling diode, connected in anti-parallel therewith and on the
other at least one energy storing capacitor 20 having a voltage
across the terminals thereof of U as well as two terminals 21, 22
connecting the cell to adjacent cells in said series connection of
switching cells. Three such sub-phase legs 6-8 are at one first
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end 23-25 thereof interconnected in a neutral point 26 hanging
freely by forming a wye-connection and at the other second end
27-29 connected to a phase each of said three-phase electric
power network. This applies also to the three sub-phase legs 9-
11 having such first ends 30-32, neutral point 33 and second
ends 34-36, in which the second ends 34-36 are also each con-
nected to one second end 27-29 first mentioned each.

A means 40 configured to detect electrical conditions of a said
three-phase electric power network is indicted at 40. Such con-
ditions may be amplitudes and phase positions of currents and
voltages in the three phases 2-4, through which also distur-
bances and harmonics may be discovered. The detecting means
40 is configured to send information about said electrical condi-
tions further to a control unit 41, which is configured to control
the semiconductor devices of the switching assemblies of each
switching cell and by that each switching cell dependent upon
information received from the detecting means 40 to deliver a
voltage across the terminals of each said switching cell being
zero or U, in which U is the voltage across said capacitor 20 of
the switching cell, for together with other switching cells of the
respective phase leg 6-11 deliver a voltage pulse being the sum
of the voltages so delivered by each switching cell.

More exactly, the control unit 41 is configured to control the
switching cells of the Voltage Source Converter in the following
way upon receipt of information from said detecting means 40
that there is a need to generate a negative-sequence current for
compensating instabilities in the electric power network 1. The
control unit will then calculate a value for amplitude and phase
position for a second negative-sequence current or a value of a
dc current for which, when added to said phase legs of the con-
verter upon generation of the negative-sequence current, the
resulting energy stored in the energy storing capacitors in each
phase leg will be constant and to control the semiconductor de-
vices of the switching cells of the phase legs to add such a zero-
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sequence current to the currents of each phase leg of the con-
verter. A DC current of one and the same phase, such as 6 and
9, of the two half converters is then of equal magnitude but
phase opposite and the sum of the DC currents of all three
phases is zero, so that no DC current is flowing out of the ar-
rangement. These DC currents depend on the negative-se-
quence current and are given by the equation below:

IDC,Z U 1
=-_—4°Re|/, |a [1]
DC aZ

DC,3

DC,4

.27

in which I’ is the negative-sequence current and o = e’ . This
DC current for the respective phase 2-4 is also used to balance
the DC capacitor 20 voltage of the cell when a negative-se-
quence current is generated by the converter. The DC voltage
unbalances between the six DC capacitor groups can be ex-
pressed as the common mode and differential mode as defined
below:

The DC unbalance for each half converter can be defined as a vector:
iDC,Unb = (2UDC,A _UDC,B _UDC,C )/3 + ] *(UDC,B _UDC,C )/‘/g

The common mode for the Upper and Lower half converter is defined as:

I DC,Common

=1

DC ., Unb Upper + IDC Unb Lower

The differential modes are defined for each half converter:
- - 1

Ipe Upper.Diff — 4 DC,URb Upper — E 1 DC, Common
1

Il DC Lower.Diff — L DC,Unb Lower — E Il DC, Common

The common mode is added to the negative-sequence current to define
the DC component for each phase.
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IDC a
’ 2 =gy =gl
IDC,b == UAC Re (In + Gs IDC,Common

DC 2

DC,c

To balance the differential mode of the DC capacitor group, a
negative-sequence current is generated by each half converter
independently of each other.

Fig 2 shows an arrangement according to a second embodiment
of the invention, which differs from the one according to Fig 1 by
the fact that the Voltage Source Converter here has a half
M2LC-converter topology, which means that it has only three
sub-phase legs 6°, 77 and 8’. Parts of this arrangement corre-
sponding to parts of the arrangement shown in Fig 1 are pro-
vided with the same reference numerals with a prim (‘) added
thereto. It is in this case not possible to use a current reference
and add a zero-sequence current thereto when there is a need
to generate a negative-sequence current and the resulting en-
ergy stored in the energy storing capacitors in each phase leg
shall be kept constant, but it is instead possible to calculate a
value for amplitude and phase position for a zero-sequence
voltage for which, when added to said three phase legs upon
generation of said negative-sequence current, the resulting en-
ergy stored in said energy storing capacitors in each said phase
leg will be constant and to control the semiconductor devices of
the switching cells of the phase legs to add such a zero-se-
quence voltage to the voltages of each phase leg of the con-
verter. The zero-sequence voltage to be added to the converter
voltage reference will depend on the positive- and negative-se-
quence current generated by the converter and also on a possi-
ble DC voltage unbalance between the phases.

Furthermore, it is shown in Figs 1 and 2 how the arrangements
may have reactive impedance elements connected in series with
each phase leg of the converter, such as an inductor for reactive
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power consumption and a capacitor for reactive power genera-
tion, and such a reactive impedance element in the form of an
inductor 42 is indicated in the Figures. This inductor may also
function for smoothing the voltage generated by the converter.

The invention is of course not in any way restricted to the em-
bodiments described above, but many possibilities to modifica-
tions thereof will be apparent to a person skilled in the art with-
out departing from the scope of the invention as defined in the
appended claims.
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CLAIMS

1. An arrangement for exchanging power, in shunt connection,
with a three-phase electric power network, said arrangement
comprising a Voltage Source Converter (5, 5’) having at least
three phase legs (6-11, 6’-8’)with each a series connection of
switching cells (15, 15°),

characterized in that each said switching cell has on one hand
at least two semiconductor assemblies (16, 17) connected in se-
ries and having each a semiconductor device (18) of turn-off
type and a rectifying element (19) connected in anti-parallel
therewith and on the other at least one energy storing capacitor
(20, 20’) as well as two terminals (21, 22) connecting the cell to
adjacent cells in said series connection of switching cells, that
the three phase legs of the Voltage Source Converter are at one
first end (23-25) thereof interconnected in a neutral point (26,
26’) hanging freely by forming a wye-connection and at the other
second end (27-29, 27°-29’, 34-36) connected to a phase (2-4)
each of said three-phase electric power network, that the ar-
rangement further comprises means (40, 40’) configured to de-
tect electrical conditions of said three phase electric power net-
work and a control unit (41, 41°) configured to control said semi-
conductor devices of said semiconductor assemblies of each
switching cell and by that each switching cell dependent upon
information received from said detecting means to deliver a
voltage across the terminals of each said switching cell being
zero or U, in which U is the voltage across said capacitor, for
together with other switching cells of the phase leg at said sec-
ond end deliver a voltage pulse being the sum of the voltages so
delivered by each switching cell, and that said control unit (41,
41’) is configured, upon receipt of information from said detect-
ing means causing a need to generate a negative-sequence cur-
rent, to calculate a value for amplitude and phase position for a
second negative-sequence current or a zero-sequence voltage
or a value of a dc current for which, when added to said three
phase legs (6-11, 6'-8’) upon generation of said negative-se-
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quence current, the resulting energy stored in said energy stor-
ing capacitors in each said phase leg will be constant and to
control the semiconductor devices (18) of said switching cells
(15, 15’) of the phase legs to add such a zero-sequence voltage,
second negative-sequence current or dc current to the currents
and voltages, respectively, of each phase leg of the converter.

2. An arrangement according to claim 1, characterized in that
said Voltage Source Converter has only said three phase legs
(6’-8’), which are at said second end (27°-29’) only connected to
a phase (2-4) each of said three phase electric power network,
and that said control unit (41’) is configured, upon receipt of in-
formation from said detecting means (40’) causing a need to
generate a negative-sequence current, to calculate a value for
amplitude and phase position for a zero-sequence voltage for
which, when added to said three phase legs upon generation of
said negative-sequence current, the resulting energy stored in
said energy storing capacitors (20’) in each said phase leg will
be constant and to control the semiconductor devices (18) of
said switching cells of the phase legs to add such a zero-se-
quence voltage to the voltages of each phase leg of the con-
verter.

3. An arrangement according to claim 1, characterized in that
said Voltage Source Converter comprises three further, second
phase legs (9-11) identical to said three phase legs first men-
tioned at one first end (30-32) interconnected in a neutral point
(33) hanging freely by forming a wye-connection and at the
other second end (34-36) connected to a phase (2-4) each of
said three phase electric power network as well as to one said
second end (27-29) each of said three phase legs (6-8) first
mentioned, and that said control unit (4) is configured, upon re-
ceipt of information from said detecting means (40) causing a
need to generate a negative-sequence current, to calculate a
value for amplitude and phase position for a second negative-
sequence current or a dc current for which, when added to said
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six phase legs (6-11) upon generation of said negative-se-
quence current, the resulting energy stored in said energy stor-
ing capacitors (20) in each said phase leg will be constant and
to control the semiconductor devices of said switching cells of
the phase legs to add such a second negative-sequence current
or dc current to the currents of each phase leg of the converter.

4. An arrangement according to any of the preceding claims,
characterized in that each phase leg of the Voltage Source
Converter has a reactive impedance element (42) connected in
series therewith.

5. An arrangement according to claim 4, characterized in that
said reactive impedance element comprises an inductor (42).

6. An arrangement according to claim 4 or 5, characterized in
that said reactive impedance element comprises a capacitor.

7. An arrangement according to any of the preceding claims,
characterized in that the number of switching cells (15, 15’) in
each phase leg of said Voltage Source Converter (5, 5’) is 24, =
8 or=12.

8. An arrangement according to any of the preceding claims,
characterized in that said semiconductor devices (18) of said
semiconductor assemblies are IGBTs (Insulated Gate Bipolar
Transistor), IGCTs (Integrated Gate Commutated Thyristor) or
GTOs (Gate Turn-Off thyristor).

9. An arrangement according to any of the preceding claims,
characterized in that said Voltage Source Converter (5, 5’) has
a capacity to together with said reactive impedance element
connected in series therewith generate a voltage with a funda-
mental frequency being equal to the fundamental frequency of
the voltage of the respective phase of the electric power network
with an amplitude of 20 kV-500 kV, preferably 30 kV-200 kV.
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10. A method of generating a negative-sequence current in an
arrangement for exchanging power, in shunt connection, with a
three-phase electric power network, in which said arrangement
comprises: a Voltage Source Converter (5, 5’) having at least
three phase legs (6-11, 6'-8’) with each a series connection of
switching cells (15, 1%5’), each said switching cell has on one
hand at least two semiconductor assemblies (16, 17) connected
in series and having each a semiconductor device (18) of turn-
off type and a rectifying element (19) connected in anti-parallel
therewith and on the other at least one energy storing capacitor
(20, 20’) as well as two terminals (21, 22) connecting the cell to
adjacent cells in said series connection of switching cells, that
the three phase legs of the Voltage Source Converter are at one
first end (23-25) thereof interconnected in a neutral point (26,
26’) hanging freely by forming a wye-connection and at the other
second end (27-29, 34-36, 27’-29’)connected to a phase each of
said three phase electric power network, said method comprises
the steps:

e detecting electrical conditions of said three-phase electric
power network, and

e controlling said semiconductor devices of said semiconductor
assemblies of each switching cell and by that each switching
cell dependent upon information from said detection to deliver
a voltage across the terminals of said switching cell (15, 15’)
being zero or U, in which U is the voltage across said ca-
pacitor (20,20’), for together with other switching cells of the
phase leg at said second end deliver a voltage pulse being
the sum of the voltages so delivered by each switching cell,

characterized in that it comprises the further steps:

e calculating, upon detection of a need to generate a negative
sequence current, a value for amplitude and phase position
for a second negative sequence-current or a zero-sequence
voltage or a value of a dc current for which, when added to
said three-phase legs (6-11, 6’-8’) upon generation of said
negative-sequence current, the resulting energy stored in
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said energy storing capacitors in each said phase leg will be
constant, and

e controlling the semiconductor devices (18) of said switching
cells of the phase legs to add such a zero-sequence voltage,
second negative-sequence current or dc current calculated to
the currents and voltages, respectively, of each phase leg of
the converter.

11. A method according to claim 10, characterized in that it is
carried out for a Voltage Source Converter (5°) having only said
three phase legs (6'-8’), which are at said second end (27°-29’)
only connected to a phase (2-4) each of said three phase elec-
tric power network, that in said step of calculating a value for
amplitude and phase position for a zero-sequence voltage for
which, when added to said three phase legs upon generation of
said negative-sequence current, the resulting energy stored in
said energy storing capacitors in each said phase leg will be
constant is calculated, and that in said step of controlling the
semiconductor devices (18) of said switching cells of the phase
legs these are controlled to add such a zero-sequence voltage
calculated to the voltages of each phase leg of the converter.

12. A method according to claim 10, characterized in that it is
carried out for a Voltage Source Converter having three further
second phase legs (9-11) identical to said three phase legs (6-8)
first mentioned at one first end (30-32) interconnected in a neu-
tral point (33) hanging freely by forming a wye-connection and at
the other second end (34-36) connected to a phase (2-4) each
of said three phase electric power network as well as to one
said second end (27-29) each of said three phase legs first
mentioned, that in said step of calculating a value for amplitude
and phase position for a second negative-sequence current or a
dc current for which, when added to said three phase legs upon
generation of said negative-sequence current, the resulting en-
ergy stored in said energy storing capacitors (20) in each said
phase leg will be constant is calculated, and that in said step of
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controlling the semiconductor devices of said switching cells
(15) of the phase legs these are controlled to add such a second
negative-sequence current or dc current calculated to the cur-
rents of each phase leg of the converter.

13. Use of an arrangement according to any of claims 1-9 for
exchanging power with a three-phase electric power network

14. Use according to claim 13, in which said power network is
feeding an industrial arc furnace and typically carries a voltage
of 36 kV.

15. Use according to claim 13 for exchanging power with a
three-phase electric power network in the form of a high-voltage
transmission line, which typically carries a voltage of 132-500
KV.
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