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(57) Abstract: A converter and method for supplying uninterrupted power to a network by using the converter is disclosed. The con -
verter comprises one or more converter submodules for supplying uninterrupted power to a first network. The one or more converter
submodules of the converter comprises at least one power semiconductor circuit for converting power received from a second net-
work and one or more additional energy store for supplying power to the at least one power semiconductor circuit during a fault
mode.
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Description

Converter and method for supplying uninterrupted power to a

network

The present invention relates to a method and system for un-
interrupted current transfer in a high voltage direct current
transmission gystem and more particularly, to a method and
system for uninterrupted current transfer from a current con-

verter of a high voltage direct current transmission gystem.

From last few decades there igs a continuously increasing de-
mand of electrical power for various residential and indus-
trial applications. An electrical power generation and dis-
tribution system has various functional stages and challenges
associated with each functional stage. In general, the elec-
trical power generation and distribution system includes a
power generation station, a power transmission system and a
power distribution network. The power generation station gen-
erates electrical power and transmits it to the power distri-
bution network through the power transmission system. The
power distribution network includes power sub-stations which
receive power from the power generation station through the
power transmission gystem. The power sub-stations further

distribute power to end consumers.

It is well known in the state of the art that transmission of
electrical power using a direct current (DC) system can be
advantageousg as compared to an alternative current (AC) sys-
tem. A commonly known electrical power transmiggion system is
the high voltage direct current (HVDC) electrical transmis-
sion system which transmits DC power from a rectifier sta-
tion, which ig, for example, connected to a power generation
gstation to inverter station which ig, for example connected
to a power distribution network. The two converter stations
are connected by a dc link, e.g. by using overhead DC lines.
Classical current converterg are especially used for bulk

power point to point transmission.
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The overhead DC lines are directly exposed to the influences
of environment which implies a risk of faults like short cir-
cuitg in the overhead DC lines. In addition to this, there is
always a risk of faults in various modules of the power gen-
eration station of the HVDC gystem. When a fault occurs in
the overhead DC lines and/or the power generation station,
the supply of power from the current converters to the power
distribution network interrupts. The interruption in power
supply continues till the fault identified and rectified. Due
to interruption in power supply, the end consumer suffers

from loss of power.

Voltage-source converters (VSC) are suitable for multi-
terminal applications. Multi-terminal HVDC systems comprises
several converters which are connected by a dc grid. For on-
shore applicationg overhead dc linesg can be cost efficiently
used. The overhead DC lines are directly exposed to the in-
fluences of environment which implies a risk of short lasting
faults due to ionization of the air by a lightning. When a
short lasting fault occurs in the overhead DC lines, the sup-
ply of power from the current converters to the power distri-
bution network interrupts. The interruption in power supply
continues till the fault is rectified. Due to interruption in

power supply, the end consumer suffers from logss of power.

From the above desgscription it ig evident that there is a
strong need of a method and system for supplying uninter-
rupted power to the power distribution network in case of a

fault at the overhead DC lines.

It is therefore an object of the present invention to provide
a system and a method for supplying uninterrupted current to

the power digtribution network.

The object is achieved by providing a converter according to
claim 1, and a method for supplying uninterrupted power to a

first network by means of a converter according to claim 5.
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Further embodiments of the pregent invention are addressed in

the dependent claims.

In a first aspect of the present invention, a converter is
discloged. The converter comprises one or more converter gub-
modules for supplying uninterrupted power to a first network.
The one or more converter submodules of the converter com-
prises at least one power semiconductor circuit and one or
more additional energy store for storing and supplying power
to the AC connection of the converter during a fault mode.
The fault mode is at least one mode from a plurality of modes
of operation. The converter also comprigesg a controller for
selecting a mode from the plurality of modes of operation for

the submodules.

In accordance with the first aspect of the present invention,
the converter gubmodules of the converter further comprises
at least one capacitor unit that is connected across the at
least one power semiconductor circuit. The at least one ca-
pacitor unit facilitates in identifying the voltage across

the at least one power semiconductor circuit.

Further, in accordance with the first aspect of the present
invention, the controller is in contact with the at least one
capacitor unit for sensing voltage across the at least one
power semiconductor circuit of the one or more converter sub-

modules.

Furthermore, in accordance with the first aspect of the pre-
gent invention, the one or more converter submodules also
comprises at least one chopper unit for controlling the one
or more additional energy store of the one or more converter

submodules.

In a second aspect of the present invention, a method for
gsupplying uninterrupted power to a first network by means of
a converter is disclosed. A first step of the disclosed

method is to select at least one mode from a plurality of
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modes of operation for one or more converter submoduleg of
the converter by a controller. At next step of the method
discloged, power is supplied from one or more additional en-
ergy store to at least one power semiconductor circuit of the
one or more converter submodules under a fault mode when the
fault mode is the at least one mode is selected by the con-
troller from the plurality of modes of operation. At the last
step of the method, the power is converted by the one or more

converter submodules and fed to the first network.

In accordance to the second aspect of the present invention,
the method further comprises a step of sensing voltage across
the at least one power semiconductor circuit by the control-
ler before the step of selecting the at least one mode from
the plurality of modes of operation for the one or more con-

verter submodules.

Further, in accordance to the second aspect of the present

invention, the method further compriges a step of receiving
power by the converter from a second network before the step
of sensing voltage across the at least one power semiconduc-

tor circuit.

Furthermore, in accordance to the second aspect of the pre-
gent invention, the method further comprises a step of sup-
plying power to the at least one power semiconductor circuit
from a second network under a normal mode wherein the normal
mode is the at leasgst one mode selected by the controller from

the plurality of modes of operation.

Accordingly, the present invention provides a converter and a
method for supplying uninterrupted power to a network by

meang of a converter.

The presgent invention ig further described hereinafter with
reference to illustrated embodiments shown in the accompany-

ing drawings, in which:
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FIG 1 illustrates an overview of an electrical power
transmission and distribution system in accor-
dance with an embodiment of the present inven-

tion,

FIG 2 illustrates a circuit diagram of converter sub-

module shown in FIG 1.

Various embodiments are described with reference to the draw-
ings, wherein like reference numerals are used to refer to
like elements throughout. In the following description, for
purpose of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or
more embodiments. It may be evident that such embodiments may

be practiced without these specific details.

FIG 1 illustrates an overview of an electrical power trans-
miggion and distribution system 100 in accordance with an em-

bodiment of the presgent invention.

The electrical power transmission and distribution system 100
gshown in FIG 1 includes a DC network 102 having overhead DC
linegs 104, a converter station 106 and AC lines 108 ag a part
of an AC network 110. The converter station 106 includes a
controller 114 and several identical converter sgsubmodules 112
connected gerially in three phase moduleg 118 as shown in FIG
1. The number of converter submoduleg in the converter sta-
tion 106 depends on the voltage of the DC network 102. The
greater the DC voltage across a dc input 120 of the converter
gtation 106, the greater is the number of the converter sub-
modulesg 112, as well. This variable number is intended to be
represented by the dashed connecting line between the lower
gubmodules 112. A controller 114 of the converter gtation 106
ig in contact with the converter gubmodules 112 through a bus
116 as shown in FIG 1. The controller 114 controlg mode of
operation of the converter submodules 112 by sending control

and varioug other signals on the bus 116.
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The converter station 106 also includes a DC connector 120
and an AC connector 122. The DC connector 120 is connected to
the overhead DC lines 104. A posgitive clamp of the DC connec-
tor 120 is connected with the pogitive dc connection clamps
of each phase module 118 via connection 126 as shown in FIG
1. The negative clamp of each phase module is connected to
the negative clamp of the DC connection 120. Each phase mod-
ule 118 is further equipped with an AC connection clamp 124.
In other words each phase module is three pole. The connec-
tion clamps 124 are forming the AC connection 122 of the con-
verter station 106. The AC connector 122 connects the con-
verter station 106 to the AC network 110 via AC lineg 108. In
other words, the DC connector 120 and the AC connector 122
are interface modules that facilitate connection of the con-
verter station 106 to the DC and AC network 110, resgpec-
tively.

Under normal mode i.e. no fault condition, the controller 114
controls the operation of the converter station 106 in a way
that the converter station 106 transmits power received from
the DC network 102 via overhead DC lines 104 through the DC
connector 120 to the AC network 110 via AC lines 108 through
the AC connector 122.

Under fault mode i.e. in case of a fault occurred in the DC
network 102 and/or overhead DC lines 104, the supply of DC
power to the converter station 106 interrupts. In other
words, the DC network 102 fails to supply power to the con-
verter station 106 when one or more faults occurred within
the DC network 102 and/or the overhead DC lines 104. During
the fault condition, the controller 114 controlsg the opera-
tion of the converter station 106 in a way that the converter
gubmodules 112 gtart supplying power to the AC network 110
through the AC connector 122. The detail functionality of a
converter submodule 112 of the converter station 106 is de-
scribed in FIG 2. In an embodiment of the present invention

the converter station 106 is a current converter station.
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In a preferred embodiment of the present invention the DC
network 102 of FIG 1 is a power transmission network of an
electrical power generation and distribution gystem. In an-
other embodiment of the present invention the AC network 110
shown in FIG 1 is a power distribution system of the electri-

cal power generation and distribution system.

For clarity reasons FIG 2 illustrates a circuit diagram of
the converter submodule 112 of FIG 1. The other converter
submodules 112 shown in FIG 1 are, however, of identical de-

sign.

The converter submodule 112 has a capacitor unit 202 and a
power semiconductor circuit 204 which, in the illustrated em-
bodiment, is arranged in parallel with the capacitor unit
202. The power gemiconductor circuit 204 comprisgseg four power
semiconductor switches 206 which can be turned on and off.
Together with the capacitor unit a so-called full bridge is
formed. A freewheeling diode 208 is connected back-to-back in
parallel with each power semiconductor switch 206 and which,
in the chosen embodiment, is in the form of an IGBT. The four
IGBTg 206 can be gwitched to an on position, in which current
can flow via the IGBTs 206, from an off pogition, in which
current ig prevented from flowing via the IGBTg 206, by means
of the controller 114 shown in FIG 1. Furthermore, it is also
possible to switch from the on pogition to the off position
that is to say to turn off, by means of control gignals re-
ceived from the controller 114. For drive purposes, the power
semiconductor switches 206 which can be turned off are con-
nected to the controller 114 via bus 116 as shown in FIG 1.
The voltage U. which is dropped across the capacitor unit
202, a zero voltage or else the inverse voltage of the ca-
pacitor unit -U. can therefore be produced at the output ter-
minals 210 and 212, depending on the signals received from
the controller 114. The submodules are two poles. They have a
first and a second submodule clamp. The submodules of one
phase modules a switched in series to one another. Thus, a

modular multi level converter is provided. Because of the
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cascaded desgign of a converter, a plurality of voltage steps
can be produced at the AC connection 122 of the converter
station 106 shown in FIG 1, thus making it possible, for ex-

ample, to simulate the profile of an AC voltage, in steps.

In order to allow AC power to be fed in the AC network 110 of
FIG 1 when required i.e. under fault condition, an additional
energy store 214 is provided, and is connected to the capaci-
tor unit 202 via a chopper unit 216 as shown in FIG 2. By way
of example, the additional energy store 214 is a battery, a
supercapacitor or an electrolytic capacitor. In the ghown em-
bodiment the voltage across the additional energy store is

smaller than the voltage across the capacitor.

The chopper unit 216 has an inductive unit 218 and an elec-
tronic switch 220 in series with the inductive unit 218. This
makes it possible to prevent high current peaks when the
electronic switch 220 is switched on. The electronic switch
220 in the embodiment shown in FIG 2 is formed by a power
gemiconductor switch 222 which can be turned on and off, in
this case, an IGBT, as well as a freewheeling diode 224 con-
nected back-to-back in parallel with the power semiconductor
222. The IGBT 222 is once again connected via bus 116 to the
controller 114 of FIG 1 which is capable of detecting the
voltage which drops across the additional energy store 214
and acrossg the capacitor unit 202. If the IGBT 222 is
gswitched on, current flows from the capacitor 202 to the ad-
ditional energy storage 214. If the IGBT 222 is switched off
the current driven by the inductive element 218, e.g. a coil,
commutates to the diode 228 until the inductive element 218
is deenergised. Another electronic switch 226 in antiparallel
orientation with the diode 228 can be uged if the voltage of
the additional energy storage igs higher than the voltage
across the capacitor 202. If the IGBT 230 ig switched off,
the current driven by the inductive component 218 commutates
to diode 224. The electronic switch 226 is also controlled by
the controller 114, shown in FIG 1. The controller is pro-

vided with one or more voltage sensgors which measureg and de-
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termines the voltage across the capacitor 202, the additional

energy storage 214 and/or across the dc connection 120.

Under normal mode i.e. no fault condition, in other words
when there is no fault occurred on the dc side of the con-
verter station 106 , the voltage drop across the dc connec-
tion or across the capacitor unit 202 are detected within
predefined voltage ranges by the controller 114. The prede-
fined voltage rangeg are values of voltages across the dc
connection 120 and/or across the capacitor unit 202 which in-
dicateg the DC power received from the overhead DC lineg 104
are within permissible limit of operation for the converter
gstation 106 of FIG 1. When the controller 114 detectsg the
voltage across the additional energy store 214 and/or across
the capacitor unit 202 and/or across the dc connection is/are
within the predefined voltage rangeg, the converter gtation
106 continues receiving DC power from the DC network 102 and
transmitting the converted AC power to the AC network 110 as
gshown in FIG 1.

When one or more faults occurred at the dc side, the DC power
received by the converter station 106 interrupts. The con-
troller 114 detects the change in voltage acrossg the moni-
tored component and switches the mode of operation of the
converter submodule 112 from normal mode to fault mode. Under
fault mode, the additional energy storages of the gubmodules
provide for the active power which is used on the AC side of
the converter. Due to the limited charging capacities the ad-
ditional energy storages the time period of the fault mode

operation is limited to some seconds or minutes.

In other words, when one or more faults occurred at the over-
head DC lines 104 and/or the DC network 102, the converter
gtation 106 does not receive any power from the overhead DC
lineg 104. During this condition, the power semiconductor
circuit 204 of each converter submodule 112 start drawing
power from the additional energy store 214 installed within

the each converter submodule 112 as shown in FIG 2. The power
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semiconductor circuit 204 start drawing power from the addi-
tional energy store 214 after receiving control signals from
the controller 114 via bus 116 as shown in FIG 1. As an ef-
fect of receiving power from the additional energy store 214,
the supply of AC power from the converter station 106 to the
AC network 110 continues even during the fault occurred at
the overhead DC lines 104 and/or the DC network 102.

However the scope of the invention is not limited to the con-
verter station 106 described in preceding figures. The inven-
tion is also applicable for one or more converter gtations
used for converting a received AC power from an AC network

and supplying the converted DC power to a DC network.

It is evident from the foregoing degcription of the present
invention that the invention provides a system and a method
for supplying uninterrupted current to the power distribution

network.

The converter station disclosed in the invention is capable
of supplying power uninterruptedly to an AC network even in
case of fault occurred at a DC supply network. In addition to
this, capability of the disclosed converter station to supply
uninterrupted power to the AC network is independent of the

technical nature of the fault occurred at the DC network.

While the present invention has been described in detail with
reference to certain embodimentg, it should be appreciated
that the present invention is not limited to those embodi-
ments. In view of the present disclosure, many modifications
and variations would present themselves, to those of skill in
the art without departing from the scope of varioug embodi-
ments of the present invention, as described herein. The
gcope of the present invention is, therefore, indicated by
the following claims rather than by the foregoing descrip-
tion. All changes, modificationg, and variationg coming
within the meaning and range of equivalency of the claims are

to be considered within their scope.
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Claims

1. A converter (106) comprising:
-a DC connector (120) in connection with a first network

(102) ;
-an AC connector (122) in connection with a second net-
work (110);

-a plurality of converter submodules (112) for supplying
uninterrupted power to the second network (110)
wherein each converter submodules (112) of the a plu-
rality of converter submoduleg (112) comprising:

-at least one power semiconductor circuit (204);

-an additional energy store (214) for supplying
power to the AC connector (122) during a fault
mode wherein the fault mode is at least one mode
from a plurality of modes of operation; and

-a controller (114) for selecting a mode from the plural-
ity of modes of operation for the plurality of con-

verter submodules (112).

2. The converter according to claim 1, wherein the plurality
of converter submoduleg (112) further comprises at least
one capacitor unit (202) connected across the at least

one power semiconductor circuit (204).

3. The converter according to claim 2, wherein the control-
ler (114) is in contact with the at least one capacitor
unit (202) for sensing voltage across the at least one

power semiconductor circuit (204).

4. The converter according to claim 1, wherein the plurality
of converter submoduleg (112) further comprises at least
one chopper unit (216) for controlling the one or more
additional energy store (214) of the plurality of con-

verter submodules (112).
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10.

13

The converter according to claim 1, wherein each con-
verter submodule (112) of the plurality of converter sgub-

modules (112) is a two pole converter submodules.

The converter according to claim 1 further comprising a

plurality of phase modules (118).

The converter according to claim 6, wherein each phase
module (118) of the plurality of phase modules (118) is a

three pole phase module.

A method for supplying uninterrupted power to a first

network (110) by means of a converter (106), the method

comprising:

-gselecting at least one mode from a plurality of modes of
operation for a plurality of converter gubmodules
(112) of the converter (106) by a controller (114);

-supplying power from one or more additional energy store
(214) to an AC connector (122) of the converter (106)
under a fault mode wherein the fault mode is the at
least one mode from the plurality of modes of opera-
tion; and

-converting the power for the first network (110) by the

plurality of converter submodules (112).

The method according to claim 8 further comprises a step
of determining power delivered from the AC connector

(122) of the plurality of converter submodules (112) by
the controller (114) before the step of selecting the at
least one mode from the plurality of modes of operation

for the plurality of converter submodules (112).

The method according to claim 9 further comprises a step
of receiving power by a DC connector (120) of the con-
verter (106) from a second network (102) before the step
of determining power delivered from the AC connector

(122) of the plurality of converter submodules (112).
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11.

14

The method according to claim 8 further comprises a step
of supplying power to the at least one power semiconduc-
tor circuit (204) from a second network (102) under a

normal mode wherein the normal mode is the at least one

mode from the plurality of modes of operation.
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