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(57) Abstract

A series-compensated converter station in an installation for transmission of high-voltage direct current is connected to an alternating-
voltage network (N) with three phases (A, B, C, respectively). The converter station comprises at least two direct-voltage series-connected
six-pulse converter bridges (SR1, SR2, respectively), a three-phase transformer coupling with two secondary windings (SW1, SW2,
respectively), and a star-connected primary winding (PW) with a neutral point (NP) connected to ground as well as a series capacitor
unit (CN) for each one of the three phases. Each one of the converter bridges is connected to a respective secondary winding and the
primary winding is connected to the altemating-voltage network via the series-capacitor units. The transformer coupling exhibits a high
impedance to zero-sequence currents through the primary winding of the transformer coupling.
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Series-compensated copverter station

TECHNICAL FIELD

The present invention relates to a series-compensated conver-
ter station in an installation for transmission of high-
voltage direct current, particularly in 12-pulse converters.

BACKGROUND ART

A converter station in an installation for transmission of
high-voltage direct current is connected between a three-phase
alternating-voltage network and a dc connection and comprises
a converter, a transformer coupling for connection of the
converter to the alternating-voltage network and shunt filters
for generating reactive power and filtering harmonics. The
transformer coupling may consist of one or more physical
units. The converter is normally a line-commutated current-
source converter, by which is to be understood that the
commutation between the valves of the converter takes place by
means of voltages occurring in the alternating-voltage network
and that the dc connection, viewed from the converter, occurs
as a stiff current source. For the purpose of reducing the
harmonics generated by the converter, especially the 5th and
7th harmonics, the converter is designed as two 6-pulse
bridges which are series-connected on the direct-voltage side
and which are each connected to a respective three-phase
alternating-voltage system with a mutual phase shift of 30°.
This mutual phase shift may be achieved by arranging the
transformer coupling to comprise two three-phase secondary
windings, one being connected in a star connection (Y
connection) and the other in a delta connection (D connec-
tion). The transformer coupling further comprises a usually Y-
connected primary winding with a grounded neutral point. For a
general description of the technique for transmission of high-
voltage direct current, see, for example, Erich Uhlman: Power
Transmission by Direct Current, Springer-verlag, Berlin,
Heidelberg, New York 1975. In particular Figure 2.7 on page 15
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shows the configuration described above.

It is known to series-compensate converter stations by connec-
ting series capacitors into the connection leads between the
alternating-voltage network and the ac connections of the
converter bridges. This results in several advantages. The
series capacitors are charged periodically by the current
flowing through them and the voltage thus generated across the
capacitors gives an addition to the commutating voltage across
the valves of the capacitors. The commutating voltage becomes
phase-shifted relative to the voltages of the alternating-
voltage network in such a way that, with control and extinc-
tion angles (margin of commutation) related to the phase
position for the voltages of the alternating-voltage network,
the valves may be controlled in rectifier operation with
control angles smaller than zero and in inverter operation
with extinction angles smaller than zero. This makes possible
a reduction of the reactive power consumption of the conver-
ters and also provides a possibility of generation of reactive
power. This reduces the need of generation of reactive power
in the shunt filters and these may thus be dimensioned sub-
stantially based on the need of harmonic filtering. The
charging current of the capacitors and hence the voltage
thereof are proportional to the direct current in the dc
connection, and by a suitable dimensioning of the capacitors
the dependence of the overlap angle on the magnitude of the
direct current may be compensated. This means that the series
compensation contributes to maintain the margin of commutation
even in case of rapid current transients. Also the dependence
of the margin of commutation on the amplitude of the alter-
nating-voltage network is favourably influenced through the
series capacitors.

Thus, in many contexts it is desirable to series-compensate
converter stations of the kind described above. In the known
solutions which have been proposed so far, the series capa-
citors have been placed between the respective secondary
windings of the transformer coupling and the ac connections of
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the converter bridges, which means that six capacitor units
must be installed. By instead placing the capacitor units
between the primary winding of the transformer coupling and
the alternating-voltage network, the number of capacitor units
may be reduced to three. However, it has been found that, with
this arrangement and, for example, in case of a ground fault
in the alternating-voltage network, the capacitor units are
subjected to impermissibly high voltages, in particular since
the overcurrents occurring in case of such ground faults may
be amplified by resonance between the alternating-voltage
network including the shunt filter and the capacitor units and
the transformer coupling. Even if the series capacitors are
normally equipped with overvoltage protection means, for
example in the form of surge arresters, the stress thereon in
the form of developed energy becomes unrealistically high
since faults of the above-mentioned kind often remain for a
relatively long period of time.

SUMMARY OF THE INVENTION

The invention aims to suggest a design of a series-compensated
converter station of the kind described above, which makes it
possible to locate the capacitor units in the connection leads
between the primary winding of the transformer coupling and
the alternating-voltage network.

What characterizes a device according to the invention will

become clear from the appended claims.

Advantageous improvements of the invention will become clear
from the following description and claims.

With an embodiment of the converter station according to the
invention, it may thus be designed to provide the advantages
of the series compensation but with three capacitor units

instead of six, which in turn entails reduced space require-
ment and, taken together, a more reliable and less expensive

installation.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained in greater detail by
description of embodiments with reference to the accompanying
drawings, wherein

Figure 1

Figure 2

Figure 3

Figure 4

schematically shows a series-compensated converter
station of a known kind,

schematically shows an embodiment of a series-
compensated converter station according to the
invention,

shows an embodiment of a circuit element according
to the invention,

schematically shows another embodiment of a circuit
element according to the invention, and

Figures 5-7

schematically show further embodiments of a series-
compensated converter station according to the
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 shows a prior art series-compensated converter
station, connected to an alternating-voltage network N with
three phases A, B and C, in an installation for transmission

of high-voltage direct current. The converter station com-

prises a converter SR with two direct-voltage series-connected

six-pulse bridges SR1 and SR2, a three-phase transformer

coupling, a three-phase shunt filter SF (only roughly indi-

cated) for generation of reactive power and filtering of

harmonics, and six series capacitor units CSR.

The transformer coupling comprises a transformer T with a Y-

connected primary winding PW and two secondary windings Swil
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and SW2, respectively, and further a neutral conductor WN
which connects the neutral point NP of the primary winding to
ground. The secondary winding SW1l is Y-connected and the
secondary winding SW2 is D-connected. The primary winding is
connected to the alternating-voltage network and the secondary
windings are connected, via the series capacitor units, to ac
terminals on the converter in such a way that the secondary
winding SW1 communicates with the six-pulse bridge SR1 via
three of the series capacitor units, one in each phase, and
the secondary winding SW2 communicates with the six-pulse
bridge SR2 via the other three series capacitor units, one in
each phase. The shunt filter is connected to the alternating-
voltage network. The converter, which thus constitutes a 12-
pulse current-source converter, is connected on its direct-
voltage side, to a dc connection (only roughly indicated),
comprising a pole conductor WP and an electrode line WE, the
latter being connected to ground.

Figure 2 shows an embodiment of a series-compensated converter
station according to the invention. The converter station is
of a kind similar to that described with reference to Figure 1
and the same designations are used to designate objects of the
same kind. The converter station according to Figure 2 differs
from that according to Figure 1 in that the six series capa-
citor units CSR, connected between the secondary windings of
the transformer and the converter bridges, are replaced by
three series capacitor units CN and that the primary winding
of the transformer is connected to the alternating-voltage
network via these three series capacitor units, one in each
phase, whereas its secondary windings are directly connected
to the converter bridges. Further, the converter station
according to Figure 2 differs from that according to Figure 1
in that the neutral point NP of the primary winding is connec-
ted to ground via a circuit element AR, which will be descri-

bed in greater detail below.

Assuming a single-phase ground fault in, for example, phase A,
on that side of the series capacitor unit CN, associated with
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this phase, which is connected to the alternating-voltage
network, it may be shown by circuitry calculations known to
the skilled man that, also with a blocked converter, zero-
sequence currents will flow through the series capacitor
units, since the D-connected secondary winding SW2 constitutes
a closed circuit for zero-sequence currents. The impedance of
the series capacitor units and other impedances included in
the circuit, that is, the impedances of the transformer, the
shunt filter and the alternating-voltage network, form a
resonance circuit. Especially in case of fundamental tone
resonance, but alsoc in case of other low-tone resonances as,
for example, the third tone, in this circuit, these zero-
sequence currents become very high, especially if the impe-
dance for zero-sequence currents between the neutral point of
the primary winding and ground is low or, as is the case with
a converter station with a transformer coupling according to
Figure 1, zero. The transformer coupling must thus be designed
so as to exhibit a higher impedance to zero-sequence currents.
This is achieved in an embodiment of the invention according
to Figure 2 by the circuit element AR possessing this proper-
ty. In an advantageous embodiment, the circuit element com-
prises a surge arrested AR, for example of ZnO type, as is
illustrated in Figure 3. The surge arrested is thus advanta-
geously dimensioned with respect to voltage so as not to enter
into operation at the voltages which occur at the neutral
point of the primary winding in case of single-phase ground
faults of the kind described above, that is to say that it is
dimensioned such that its level of protection lies above the
above-mentioned voltage. It should, however, advantageously be
dimensioned to limit lightning surges and other surges with
limited energy contents.

In another advantageous embodiment of the invention, the
circuit element AR, as illustrated in Figure 4, comprises an
inductor LR connected between the neutral point and ground.
The inductor constitutes an impedance to zero-sequence
currents and, in addition, also changes the resonance condi-
tion for the above-mentioned resonance circuit. The reactor is
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so dimensioned that, for example in case of the above-
mentioned kind of fault, it limits zero-sequence currents
occurring to a level which is harmless to the series capacitor
units, whereby also the resonance frequency of the resonance
circuit is taken into consideration. The impedance of the
reactor must be chosen in such a way that the resonance
frequency of the circuit is displaced with a sufficient margin
from the fundamental tone for all conceivable network confi-
gurations. In addition, the transient harmonics or subhar-
monics of the factual resonance frequency must also be taken
into consideration. These harmonics or subharmonics provide,
together with the fundamental tone, a beat which increases the
capacitor stress in excess of the conceived stationary funda-
mental tone value. Also in this embodiment, it is advantageous
for the circuit element AR to comprise also a surge arrester
ARP dimensioned in accordance with the criteria described with
reference to Figure 3.

Figure 5 shows another embodiment of a series-compensated
converter station according to the invention. The converter
station is of a kind similar to that described with reference
to Figure 2 and the same designations are used to designate
objects of the same kind. The converter station according to
Figure 5 differs from that shown in Figure 2 in that the
secondary windings of the transformer are both connected in a
so-called extended delta connection, each one with a phase
shift in relation to the primary winding of 15°. The secondary
windings of the transformer may thereby be made identical, and
in a manner known per se, a mutual phase shift of 30° between
the secondary windings may be achieved by external connec-
tions. The zero-sequence currents are limited in a manner
described above with reference to Figures 2-4.

Figures 6 and 7 show further embodiments of a series-compen-
sated converter station according to the invention. The
converter stations are of a kind similar to that described
with reference to Figure 2 and the same designations have been
used to designate objects of the same kind. The converter
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stations according to Figures 6 and 7 differ in relation to
that described according to Figure 2 in that the secondary
windings of the transformer in Figure 6 are connected one in a
star connection and the other in a zigzag connection, and in
Figure 7 the two secondary windings of the transformer are
connected in a zigzag connection, each one with a phase shift
in relation to the primary winding of 15° and with a mutual
phase shift of 30°. In these embodiments of the invention, the
neutral point of the primary winding may be connected directly
to ground by means of a neutral conductor WN since the secon-
dary windings do not exhibit any closed circuit for zero-
sequence current and thus, in principle, exhibit an infinite
impedance for zero-sequence currents when faults of the above-
mentioned kind occur.

In Figures 1-2 and 5-7 the transformer T is shown as a three-
phase three-winding transformer, but the invention is, of
course, applicable also to those cases where the transformer
coupling is designed with two three-phase or six single-phase
two-winding transformers with parallel-connected primary
windings or as three single-phase three-winding transformers
and with the respective secondary windings connected in the
manner described above.

By providing a converter station of the described kind with a
transformer coupling according to the invention, the advan-
tages obtained with series compensation may be achieved with a
minimum number of series capacitor units. The converter
station may thus be designed with a smaller number of com-
ponents, which in turn entails reduced space requirement and,
taken together, a more reliable and less expensive installa-
tion.
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CLAIMS

1. A series-compensated converter station in an installation
for transmission of high-voltage direct current, for connec-
tion to an alternating-voltage network (N) with three phases
(A, B, C, respectively), comprising at least two direct-
voltage series-connected six-pulse converter bridges (SR1,
SR2, respectively), a three-phase transformer coupling with
two secondary windings (SWl, SwW2, respectively), and a star-
connected primary winding (PW) with a neutral point (NP)
connected to ground, a series capacitor unit (CN) for each
one of the three phases, each one of the converter bridges
being connected to a respective secondary winding,
characterized in that the primary winding is connected to
the alternating-voltage network via the series-capacitor
units, that one of the secondary windings is star-connected
and the other delta-connected and that the neutral point is
connected to ground via a circuit element (AR) which
exhibits a high impedance to zero-sequence currents through
the primary winding of the transformer coupling.

2. A series-compensated converter station in an installation
for transmission of high-voltage direct current, for connec-
tion to an alternating-voltage network (N) with three phases
(A, B, C, respectively), comprising at least two direct-
voltage series-connected six-pulse converter bridges (SR1,
SR2, respectively), a three-phase transformer coupling with
two secondary windings (SW1l, SW2, respectively), and a star-
connected primary winding (PW) with a neutral point (NP)
connected to ground, a series capacitor unit (CN) for each
one of the three phases, each one of the converter bridges
being connected to a respective secondary winding,
characterized in that the primary winding is connected to
the alternating-voltage network via the series-capacitor
units, that both of the secondary windings are connected in
an extended delta connection and that the neutral point is
connected to ground via a circuit element (AR) which
exhibits a high impedance to zero-sequence currents through
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the primary winding of the transformer coupling.

3. A converter station according to any of claims 1 and 2,
characterized in that the circuit element comprises a
surge arrester (ARR) connected between the neutral point and
ground.

4. A converter station according to claims 3,

characterized in that the circuit element, in addition to
the above, also comprises an inductor (LR) connected between
the neutral point and ground and dimensioned to limit zero-
sequence currents through the series capacitor units.

5. A converter station according to claim 3 or 4,
characterized in that the protective level of the surge
arrester exceeds the voltage which occurs at the neutral
point of the primary winding in case of a single-phase
ground fault on that side of the transformer coupling which,
via the series capacitor units, is connected to the alter-
nating-voltage network.

6. A series-compensated converter station in an installation
for transmission of high-voltage direct current, for connec-
tion to an alternating-voltage network (N) with three phases
(A, B, C, respectively), comprising at least two direct-
voltage series-connected six-pulse converter bridges (SR1,
SR2, respectively), a three-phase transformer coupling with
two secondary windings (SW1l, SW2, respectively), and a star-
connected primary winding (PW) with a neutral point (NP)
connected to ground, a series capacitor unit (CN) for each
one of the three phases, each one of the converter bridges
being connected to a respective secondary winding,
characterized in that the primary winding is connected to
the alternating-voltage network via the series-capacitor
units, that one of the secondary windings is star-connected
and the other zigzag-connected and that the neutral point is
connected direct to ground via a neutral conductor (WN) such
that the transformer coupling exhibits a high impedance to
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zero-sequence currents through the primary winding.

7. A series-compensated converter station in an installation
for transmission of high-voltage direct current, for
connection to an alternating-voltage network (N) with three
phases (A, B, C, respectively), comprising at least two
direct-voltage series-connected six-pulse converter bridges
(SR1, SR2, respectively), a three-phase transformer coupling
with two secondary windings (SW1l, SW2, respectively), and a
star-connected primary winding (PW) with a neutral point
(NP) connected to ground, a series capacitor unit (CN) for
each one of the three phases, each one of the converter
bridges being connected to a respective secondary winding,
characterized in that the primary winding is connected to
the alternating-voltage network via the series-capacitor
units, that both the secondary windings are zigzag-connected
and that the neutral point is connected direct to ground via
a neutral conductor (WN) such that the transformer coupling
exhibits a high impedance to zero-sequence currents through
the primary winding.
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