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ABSTRACT

Aplant for transmitting electric power having an alternating
voltage network with at least one phase and at least one VSC
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converter is provided. The converter has at least one phase

’

_

leg with two current valves connected in series. Each phase
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leg is connected at a point between the two current valves to
a respective phase of the alternating voltage network. The

,
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plant also comprises at least one additional phase leg in the
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SVC CONVERTER WITH AN EXTRA PHASE
LEG TO REPLACE A FAILED PHASE LEG

connection of each phase leg to its respective phase, and this
additional phase leg has a connection to at least one phase

through a controllable breaker. The possibility of connecting
the additional phase leg to a phase instead of a failed phase
leg may, in this Way, be easily realiZed.
According to another preferred embodiment of the

BACKGROUND OF THE INVENTION

The present invention relates to a plant for transmitting
electric power comprising an alternating voltage network

invention, each phase of the alternating voltage netWork is

having at least one phase and at least one VSC-converter

having at least one phase leg With tWo current valves

connected in series, in Which one point of the phase leg
betWeen the tWo current valves is connected to the phase of

10

provided With a connection to an additional phase leg
through a separate controllable connector. Continued poWer
transmission in the plant is thereby possible When a fault

occurs at one phase leg, irrespective of Which phase leg has

the alternating voltage netWork.

failed.

A plant of this type may, for example, be a plant for
transmitting electric poWer betWeen a direct voltage netWork

invention, the plant comprises one additional phase leg, and

for High Voltage Direct Current (HVDC) and an alternating
voltage netWork. Such a plant has recently become knoWn
through the thesis “PWM and Control of TWo and Three
Level High PoWer Voltage Source Converters” by Anders

According to another preferred embodiment of the
15

controllable breakers for each phase. An additional phase leg
may thereby be utiliZed as a spare phase leg in common for

all phase legs. In the case of failure of one of the phase legs,
this additional phase leg Will be sWitched in instead and
maintenance may be carried out on the failing phase leg

Lindberg, Kungliga Tekniska Hogskolan, Stockholm, 1995.
It is emphasized that the invention is not restriction to this

application, but the plant may, for eXample, comprise a SVC
(Static Var Compensator), in Which the direct voltage side of

during continued operation of the plant if the different phase
legs are physically separated.

the converter is not connected to any direct voltage netWork

but to a direct voltage capacitor freely arranged. HoWever, to
illuminate, but accordingly not limit the invention, a plant of

this additional phase leg has connections to each of the

phases of the alternating voltage netWork through separate

According to another preferred embodiment of the

invention, the alternating voltage netWork has three phases
25

the type de?ned in the introduction for HVDC Will herein
after be described.

and the converter has three phase legs connected in a normal
Way to the alternating voltage netWork and one additional

fourth phase leg. This constitutes an advantageous applica
tion of the embodiment last mentioned for a three-phase

The number of phases of the alternating voltage netWork,
and thereby the number of phase legs of the VSC-converter

alternating voltage netWork.

in such a plant, may be arbitrary, but there are usually three

According to another preferred embodiment of the

phases of the alternating voltage netWork and thereby three
phase legs of the VSC-converter, and accordingly siX current

invention, the converter is connected to a direct voltage

valves therein in total, so that the converter constitutes a
siX-pulse bridge. In the event of a fault in a phase leg of the
converter, the entire transmission of electric poWer betWeen

netWork for High Voltage Direct Current (HVDC), the direct
voltage netWork has tWo pole conductors, and controllable
35

the direct voltage netWork and the alternating voltage net
Work is Wiped out in the HVDC-case, and in the case of
SVC. The poWer transmission and the stabiliZing of the

the pole conductors, a failing phase leg may be totally

voltage of the alternating voltage netWork therethrough also

isolated for maintenance Work While an additional phase leg
is sWitched in on the phase in question for continued poWer
transmission.
According to another preferred embodiment of the
invention, Which is a further development of the embodi

fail. In the HVDC-case, the entire transmission may also be
Wiped out upon any fault of one of the tWo pole conductors
of the direct voltage netWork connected to the VSC
converter.

SUMMARY OF THE INVENTION

breakers are arranged betWeen each phase leg of the con
verter and each pole conductor of the direct voltage netWork
for optional connection of the respective phase leg to, or
disconnection thereof from the direct voltage netWork. By
providing each phase leg With such breakers With respect to

ment last mentioned, a breaker is connected to each of the
45

The object of the present invention is to provide a plant of
the type de?ned in the introduction, Which reduces the risk
of having the entire transmission Wiped out upon occurrence
of any fault in the plant.

pole conductors and the additional phase leg has a connec
tion to ground through a controllable breaker. The apparatus
is adapted to break one of the pole conductors When a fault
occurs thereon, to close the breaker to the connection to

ground of the additional phase leg and to close the breaker
of the additional phase leg for connection thereof to the pole

This object is, according to the invention, obtained by

conductor of the direct voltage netWork in order to obtain a
monopolar operation of the converter. No fault of a separate
phase leg or a pole conductor may, in such a plant, Wipe out
the transmission, since in the case of a fault of the type ?rst

providing the converter of such a plant With at least one

additional such phase leg more than the number of phases of
the alternating voltage netWork, and that means are adapted

to enable disconnection of a phase leg connected to one 55
mentioned above, the phase leg in question Will be

phase of the alternating voltage netWork from this phase, and
connection of the additional phase leg With this phase

disconnected, and the additional phase leg sWitched in.
Upon a fault of a pole conductor, the pole conductor Will be
disconnected and the additional phase leg Will be connected
to ground and to the tWo direct voltage connections of the

instead.

By the presence of an additional phase leg, and the
possibility of connecting this additional phase leg to a phase
instead of the phase leg normally connected to this phase,

converter, for enabling a monopolar operation thereof.

transmission may be continued When a fault occurs on the

the invention Will appear from the folloWing description.

Further advantages as Well as advantageous features of

phase leg normally connected by connecting the additional

BRIEF DESCRIPTION OF THE DRAWINGS

phase leg to this phase Without any real disturbances in spite
of the fault occurrence.

According to a preferred embodiment of the invention,
the means comprise a controllable breaker arranged in the

65

With reference to the appended draWing, beloW folloWs a
description of a preferred embodiment of the invention cited
as an eXample.
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In the drawing:
FIG. 1 is a simpli?ed diagram illustrating the principle

regular operation of the plant Without any faults, electric

according to Which a plant, according to a preferred of the

poWer is transmitted through the station 4 betWeen the

invention, functions.

alternating voltage netWork 5 and the direct voltage netWork
1 by a connection of the three phase legs 10, 11, 12, through

The function of the plant just described is as folloWs: in

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

closed breakers 21 to the pole conductors of the direct

voltage netWork, and through closed breakers 22 to the
phases of the alternating voltage netWork. The breakers 28
of the pole conductors are then also closed; hoWever, the
breakers 24, 25, and 27 of the additional phase leg are open.

The structure of a plant for transmitting electric poWer
according to a preferred embodiment of the invention is

schematically illustrated in FIG. 1, in Which only the dif
ferent components having something directly to do With the

Should a fault noW occur on any of the regular phase legs,

function according to the invention have been shoWn in the

then that phase leg is disconnected by opening the breaker

draWing for facilitating the comprehension of the invention.
The plant comprises a direct voltage netWork 1 for High
Voltage Direct Current (HVDC) having tWo pole
conductors, 2, 3, and an alternating voltage netWork 5

21 and also breaker 22 to the phase Which the failed phase
15

leg is connected. The fourth phase leg 23 is simultaneously
connected by closing the breaker 24, and closing the breaker
25 located in the connection to the
sWitching in the fourth phase leg as
failing phase leg. As a result, the
continued Without disturbance While

connected to the direct voltage netWork through a station 4

and having in the present case three phases 6, 7, 8. The
station is adapted to transmit electric poWer betWeen the

phase in question for
a replacement for the
transmission may be
enabling maintenance

direct voltage netWork 1 and the alternating voltage netWork

Work to be carried out on the failed phase leg as a result of

5, in Which the poWer may be fed in from the alternating
voltage netWork to the direct voltage netWork or fed out
from the direct voltage netWork to the alternating voltage

regular operation, this pole conductor Will be disconnected

the redundance provided by the invention.
Should a fault occur on any of the pole conductors 2, 3 in

through the breaker 28 in question at the same time as the

netWork. Thus, the alternating voltage netWork may have
generators of electric poWer or only be connected to con

25

sumers thereof.

The station comprises at least one VSC-converter 9

symmetrical over the phase legs of the converter, and a
monopolar operation of the converter is enabled in a knoWn
Way Without any interruption of the transmission of the
plant. It is then possible to take appropriate measures With
respect to the fault, such as, for example, ground fault, of the

adapted to convert direct voltage into alternating voltage and
conversely. HoWever, it is possible that the station comprises
a plurality of such converters.
The VSC-converter comprises, in a conventional Way, a

phase leg 10, 11, 12 for each phase With tWo current valves
13—18, Which comprise branches of breakers 19 of turn-on
and turn-off type connected in series, preferably in the form
of IGBTs, and diodes 20 connected in anti-parallel there

pole conductor disconnected. It is important that the break
ers 28 act fast, preferably Within microseconds, to protect
the converter and other equipment in such faults. HoWever,
the other breakers 21, 22, 24 and 25 do not necessarily have
to be fast, although this is an advantage.

With. A large number of IGBTs may be connected in series
in one single valve so as to be turned on and turned off

The invention is, of course, not in any Way restricted to

simultaneously to function as one single breaker.

the preferred embodiment described above, but many pos

Accordingly, the voltage across the valve is distributed
among the different breakers 19 connected in series. The
control of the breakers 19 takes place in a conventional Way

through pulse Width modulation (PWM).
Each phase leg 10, 11, 12, is connected to the tWo pole
conductors of the direct voltage netWork through control
lable breaker 21, so that the phase leg may be disconnected
therefrom by opening the breakers 21. In normal operation
of the plant, the three phase legs 10, 11, 12 are connected to
the respective phases 6, 7 and 8 of the alternating voltage

45

55

along an alternating voltage netWork, in Which it then Would
be provided With a spare phase leg for continued transmis
sion in the case of failure of a regular phase leg. A plant
netWork, but instead a capacitor, or plurality of capacitors, is
connected. Thus, in one possible embodiment, the direct
voltage netWork 1 With pole conductors 2, 3 and the breakers
28, all shoWn in FIG. 1, are eliminated.
It is conceivable that the plant has a number of phases
other than three, and the number of additional phase legs
could also be other than one.

The converter has, in addition thereto, a fourth additional
phase leg 23, Which is constructed in the same Way as the

Furthermore, it is in the HVDC-case readily possible to
provide the plant With only one additional connectable phase
leg for enabling continued transmission upon failure of any
regular phase leg and no Way to disconnect a failing pole

three regular phase legs With tWo current valves. Also, this

additional phase leg is, through controllable breakers 24,
connectable to, and disconnectable from, the tWo pole
conductors of the direct voltage netWork. Furthermore, the
additional phase leg 23 has connections to each of the phases

conductor and to make connections for enabling a monopo

lar operation, although the combination of these tWo possi

bilities is particularly advantageous.

6, 7, 8 of the alternating voltage netWork through control
lable breakers 25 Which are separate for each phase. This
additional phase leg 23 also has a connection to ground 26
through a controllable breaker 27. Finally, controllable
breakers 28 are arranged in each of the pole conductors 2, 3.

sible modi?cations Will be apparent to one skilled in the art
Without departing from the basic idea of the invention as
de?ned in the claims.
The plant may, as already mentioned, comprise a SVC
used in a conventional Way to stabiliZe the voltage in a point

comprising an SVC is Where there is no direct voltage

netWork 5.
Each connection betWeen a point located betWeen the tWo

current valves of the respective phase leg and the respective
phase of the alternating voltage netWork is provided With a
controllable breaker 22 Which makes it possible to interrupt
the connection betWeen the phase leg and the phase.

additional phase leg is sWitched in by closing the breakers
24, and the additional phase leg is connected to ground 26
by closing the breaker 27. The direct voltage is thereby

What is claimed is:
65

1. A plant for transmitting electric poWer having an
alternating voltage netWork having at least one phase and at
least one VSC converter, said converter having at least one

5,872,707
5
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phase leg With tWo current valves connected in series, each
said phase leg connected at a point betWeen tWo said current
valves to a respective phase, said plant comprising:

6. The plant according to claim 1 Wherein said means is
adapted to disconnect said at least one phase leg from its
respective phase upon a fault of said at least one phase leg
and connect said at least one additional phase leg to said

at least one additional phase leg in said converter more

than the number of phases of said alternating voltage
netWork; and
means for disconnecting each phase leg from its respec
tive phase and for connecting said additional phase leg

respective phase.
7. The plant according to claim 1 Wherein said converter
is connected to a direct voltage netWork for High Voltage
Direct Current.

at a point betWeen its tWo current valves to said

8. The plant according to claim 7 further comprising:
tWo pole conductors in said direct voltage netWork; and
third controllable breakers arranged betWeen each phase

respective phase.
2. The plant according to claim 1 Wherein said means

comprises:

leg and each pole conductor Whereby each phase leg

a ?rst controllable breaker arranged in the connection of

each phase leg to its respective phase; and

can be connected to or disconnected from said direct
15

at least one second controllable breaker connecting said at
least one additional phase leg to at least one phase.

3. The plant according to claim 2 Wherein each phase is
connected to said at least one additional phase leg through
separate second controllable breakers.
4. The plant according to claim 3 comprising one said
additional phase leg connected to each of said phases
through said separate second controllable breakers.
5. The plant according to claim 1
Wherein said alternating voltage netWork has three phases;
said converter has three phase legs each connected to a

respective phase of said alternating voltage netWork;
and

one additional phase leg.

voltage netWork.
9. The plant according to claim 8 further comprising:
a fourth controllable breaker connected in each pole

conductor;
a ?fth controllable breaker connecting said at least one

additional phase leg to ground; and
said means being adapted to disconnect one of said pole
conductors When a fault occurs thereon and to close
25

said ?fth breaker and said second breaker Whereby
rnonopolar operation of said converter is obtained.
10. The plant according to claim 1 Wherein the converter
act as a Static Var Cornpensator.
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