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(57) Abstract: The invention relates to a method for eliminating an electric arc that is driven by at least one phase voltage source (3)
of an inverter circuit (1), said inverter circuit having an inverter unit (2) and an energy storage circuit (4). The at least one phase
voltage source (3) is connected to the inverter unit (2) on the alternating voltage side, the inverter unit (2) having a plurality of
controllable power semiconductor switches. According to said method, an electric arc produced during operation of the inverter
circuit (1) is detected and the at least one phase voltage source (3) is short-circuited. In order to detect the electric arc, either a state
variable of the inverter circuit (1) is monitored for a definable threshold value or alternatively the surroundings of the inverter circuit
is optically monitored for the occurrence of an electric arc. If an electric arc is detected, at least part of the controllable power
semiconductor switches of the inverter unit (2) is controlled such that at least one short circuit path across the inverter unit (2) is
produced to short-circuit the at least one phase voltage source (3).

(57) Zusammenfassung:
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Verbffentlicht: (88) Veriffentlichungsdatum des internationalen
—  mit internationalem Recherchenbericht (Artikel 21 Absatz Recherchenberichts:
3) 5. Dezember 2013

Es wird ein Vertahren zur Elimination eines mittels mindestens einer Phasenspannungsquelle (3) einer Umrichterschaltung (1)
getriebenen Lichtbogens angegeben, bei dem die Umrichterschaltung eine Umrichtereinheit (2) und einen Energiespeicherkreis
(4) autweist, wobei auf der Wechselspannungsseite der Umrichtereinheit (2) die mindestens eine Phasenspannungsquelle (3)
angeschlossen ist, und wobei die Umrichtereinheit (2) eine Vielzahl an ansteuerbaren Leistungshalbleiterschaltern aufweist, und
bei dem wihrend des Betriebes der Umrichterschaltung (1) ein aufiretender Lichtbogen detektiert wird und darauthin die
mindestens eine Phasenspannungsquelle (3) kurzgeschlossen wird. Zur Detektion des Lichtbogens wird entweder eine
Zustandsgrosse der Umrichterschaltung (1) auf einen vorgebbaren Schwellwert der Zustandsgrésse hin iiberwacht oder es wird
alternativ die Umgebung der Umrichterschaltung optisch auf das Auftreten eines Lichtbogenlichtes hin iiberwacht. Wird dann ein
Lichtbogen detektiert, wird zumindest ein Teil der ansteuerbaren Leistungshalbleiterschalter der Umrichtereinheit (2) derart
angesteuert, dass mindestens ein Kurzschlusspfad iiber die Umrichtereinheit (2) zum Kurzschluss der mindestens einen
Phasenspannungsquelle (3) gebildet wird.
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Method for eliminating an arc driven by means of at least one phase

voltage source of a converter circuit

DESCRIPTION
Technical field

The invention relates to the field of power electronics. It is based on a method for eliminating
an arc driven by means of at least one phase voltage source of a converter circuit in

accordance with the preamble of the independent claim.

Background

Converter circuits nowadays typically have a converter unit, with at least two phase
connections being provided on the AC voltage side of said converter unit, with it then being
possible to connect phase voltage sources for providing a corresponding AC voltage to said
phase connections. On the DC voltage side of the converter unit, the converter circuit
typically comprises an energy storage circuit, which is formed by one or more capacitive

energy stores, for example.

During operation of the converter circuit, i.e. if electrical energy is flowing from the AC
voltage side of the converter unit to the DC voltage side of the converter unit and the AC
voltage is being rectified in the process, or if electrical energy is flowing from the DC voltage
side of the converter unit to the AC voltage side of the converter unit and the DC voltage is
being inverted in the process, as a result of a fault it may arise that an arc driven, in terms of
current, by means of the phase voltage source occurs, for example, on the AC voltage side
of the converter unit or else on the DC voltage side of the converter unit. Such an arc is
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extremely undesirable since it can damage or even destroy the converter unit, but also the

entire converter circuit.

Generally, mechanical switches are used at the phase connections in order to short-circuit
the phase voltage source or phase voltage sources. If an arc which occurs is detected in a
converter circuit, the mechanical switches are closed in order to short-circuit the phase
voltage source or phase voltage sources in order to eliminate the arc driven, in terms of
current, by the phase voltage source or the phase voltage sources. However, such
mechanical switches have a slow response time, an enormous physical size, require a high

degree of maintenance and increase the complexity of the design of the converter circuit.

As disclosed in DE 10 2009 002 684 A1, undesired arcs can also occur in a converter circuit
for feeding a plasma load, wherein the arc is generated by MF coils L1, L2 of the converter
circuit, as described in DE 10 2009 002 684 A1 in paragraphs [0006] and [0007] in
conjunction with Figure 1a. In order to eliminate an arc generated by the MF coils L1, L2 of
the converter circuit, the polarity of the voltage at the output connections 13, 14 is reversed,
wherein, prior to this, the voltage is set to a value in the region of 0V and the current across the
output connections 13, 14 is set to a value in the region of 0A, i.e. the connected plasma load is
disconnected from the supply and deenerqgized, as described in DE 10 2009 002 684 A1,
paragraph [0045].

Any discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the field
relevant to the present disclosure as it existed before the priority date of each claim of this
application.

Summary

Throughout this specification the word "comprise", or variations such as "comprises" or
"comprising", will be understood to imply the inclusion of a stated element, integer or step, or
group of elements, integers or steps, but not the exclusion of any other element, integer or
step, or group of elements, integers or steps.
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According to a first aspect, there is provided a method for eliminating an arc driven by means
of at least one phase voltage source of a converter circuit, in which method the converter
circuit has a converter unit and an energy storage circuit, wherein the at least one phase
voltage source is connected on the AC voltage side of the converter unit, and wherein the
converter unit has a multiplicity of actuable power semiconductor switches, wherein, during
operation of the converter circuit, an arc which occurs is detected and, thereupon, the at least
one phase voltage source is short-circuited, wherein, in order to detect the arc, a state
variable of the converter circuit is monitored for a predeterminable threshold value of the
state variable, and wherein, in the event of a discrepancy between the state variable and the
predeterminable threshold value, at least some of the actuable power semiconductor
switches of the converter unit are actuated such that at least one short-circuiting path is
formed via the converter unit in order to short-circuit the at least one phase voltage source.

According to a second aspect, there is provided a method for eliminating an arc driven by
means of at least one phase voltage source of a converter circuit, in which method the
converter circuit has a converter unit and an energy storage circuit, wherein the at least one
phase voltage source is connected on the AC voltage side of the converter unit, and the
energy storage circuit is connected on the DC voltage side of the converter unit, and wherein
the converter unit has a multiplicity of actuable power semiconductor switches, wherein,
during operation of the converter circuit, an arc which occurs is detected and, thereupon, the
at least one phase voltage source is short-circuited, wherein, in order to detect the arc, the
surrounding environment of the converter circuit is monitored visually for the occurrence of
an arc light, and wherein, in the event of the occurrence of the arc light, at least some of the
actuable power semiconductor switches of the converter unit are actuated such that at least
one short-circuiting path is formed via the converter unit in order to short-circuit the at least
one phase voltage source.

Some embodiments of the present disclosure aim to provide a method for eliminating an arc
driven by means of at least one phase voltage source of a converter circuit, by means of
which method an arc which occurs in a converter circuit can be eliminated particularly easily

and quickly.

In some embodiments, the converter circuit has a converter unit, at least one phase voltage
source and an energy storage circuit, wherein the at least one phase voltage source is
connected on the AC voltage side of the converter unit. In addition, the converter unit
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comprises a multiplicity of actuable power semiconductor switches. In accordance with the
method, during operation the converter circuit detects an arc which occurs and, thereupon,
the at least one phase voltage source is then short-circuited. In accordance with the present
disclosure, in order to detect the arc, a state variable of the converter circuit is now monitored
for a predeterminable threshold value of the state variable. In the event of a discrepancy
between the state variable and the predeterminable threshold value, at least some of the
actuable power semiconductor switches of the converter unit are then actuated such that at
least one short-circuiting path is formed via the converter unit in order to short-circuit the at
least one phase voltage source. By means of the abovementioned detection of an arc
occurring and of the formation of at least one short-circuiting path via the converter unit, the
arc which occurs can advantageously be quenched particularly easily and quickly and thus
eliminated. Additional short-circuiting devices, such as mechanical switches known from the

prior art for short-circuiting the at least one phase voltage source, are not required.

As an alternative to the abovementioned detection via a state variable of the converter circuit,
in order to detect the arc, the surrounding environment of the converter circuit is monitored
visually for the occurrence of an arc light, wherein, in the event of the occurrence of the arc
light, at least some of the actuable power semiconductor switches of the converter unit are
likewise actuated in such a way that at least one short-circuiting path is formed via the
converter unit in order to short-circuit the at least one phase voltage source. By means of this
alternative detection of an arc occurring and of the formation of at least one short-circuiting
path via the converter unit, as well, the arc occurring can advantageously be quenched
particularly easily and quickly and therefore eliminated. Additional short-circuiting devices are
not required in this case either.

These and further objects, advantages and features of the present invention will become

obvious from the detailed description below relating to preferred embodiments of the

invention in conjunction with the drawing.

Brief description of the drawings

Figure 1 shows a first embodiment of a converter circuit with illustrated short-circuiting
current paths in accordance with the method according to the invention,
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Figure 2 shows a second embodiment of a converter circuit with illustrated short-
circuiting current paths in accordance with the method according to the

invention,

Figure 3 shows a third embodiment of a converter circuit with illustrated short-circuiting
current paths in accordance with the method according to the invention, and

Figure 4 shows a fourth embodiment of a converter circuit with illustrated short-
circuiting paths in accordance with the method according to the invention.

The reference symbols used in the drawing and the significance thereof are listed by way of
summary in the list of reference symbols. In principle, identical parts have been provided with
the same reference symbols in the figures. The described embodiments represent, by way of
example, the subject matter of the invention and do not have any restrictive effect.

Description of embodiments

Figure 1 shows a first embodiment of a converter circuit with illustrated short-circuiting
current paths in accordance with the method according to the invention. Figure 2 to Figure 4
show a second, third and fourth embodiment, respectively, of a converter circuit, wherein, in
each of these converter circuits, possible short-circuiting paths in accordance with the
method according to the invention are illustrated. The respectively possible short-circuiting
paths of the converter circuits shown in Figure 1 to Figure 4 are illustrated as bold lines. In
general, the converter circuit 1 has a converter unit 2, at least one phase voltage source 3
and an energy storage circuit 4, wherein the at least one phase voltage source 3 is
connected on the AC voltage side of the converter unit 2. The connection of the phase
voltage source 3 is performed at a phase connection A on the AC voltage side of the
converter unit 2. Since the converter circuits shown in Figure 1 to Figure 4 all have a three-
phase design, in each case three phase voltage sources 3 are also provided, wherein, in
general, as already mentioned, at least one phase voltage source 3 is provided. In addition,
the converter unit 2 generally has a multiplicity of actuable power semiconductor switches,
wherein, according to Figure 1, thyristors are used as actuable power semiconductor
switches and, according to Figure 2, integrated gate-commutated thyristors (IGCTs) are

used. In contrast, in the case of the converter circuit shown in Figure 3, preferably insulated-
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gate bipolar transistors (IGBTs) and thyristors are used as actuable power semiconductor
switches, wherein the possible short-circuiting paths then run via the thyristors, as illustrated
in Figure 3. Preferably, in the case of the converter circuit shown in Figure 4 as well, IGCTs
can be used as actuable power semiconductor switches, via which possible short-circuiting
paths then run.

In accordance with the method, if an arc occurs during operation, this arc is detected and,
thereupon, the at least one phase voltage source 3 is then short-circuited. Such an arc can
occur as a result of a fault, wherein the arc is typically driven, in terms of current, by the at
least one phase voltage source 3. In accordance with the invention, in order to detect the arc,
a state variable of the converter circuit 1 is now monitored for a predeterminable threshold
value of the state variable. In the event of a discrepancy between the state variable and the
predeterminable threshold value, at least some of the actuable power semiconductor
switches of the converter unit 2 are then actuated such that at least one short-circuiting path
is formed via the converter unit 2 in order to short-circuit the at least one phase voltage
source 3. By means of the abovementioned detection of an arc occurring and of the
formation of at least one short-circuiting path via the converter unit 2, the arc occurring can
advantageously be quenched particularly easily and quickly and therefore eliminated.
Additional short-circuiting devices can advantageously be dispensed with.

As an alternative to the abovementioned detection via a state variable of the converter circuit
1, in order to detect the arc, the surrounding environment of the converter circuit 1 is
monitored visually for the occurrence of an arc light, wherein, in the event of the occurrence
of the arc light, at least some of the actuable power semiconductor switches of the converter
unit 2 are likewise actuated such that, again, at least one short-circuiting path is formed via
the converter unit 2 in order to short-circuit the at least one phase voltage source 3. For the
visual monitoring, a photodiode or another light-sensitive electronic component or else a
camera can be used, for example. By means of this alternative detection of an arc occurring
and of the formation of at least one short-circuiting path via the converter unit 2 as well, the
arc occurring can advantageously be quenched particularly easily and quickly and therefore
eliminated. In the case of this alternative too, no additional short-circuiting devices are
required.

If an energy storage circuit 4 is connected on the DC voltage side of the converter unit, in
relation to the converter circuit 1, as illustrated by way of example in Figure 1 to Figure 4, the
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state variable is preferably the voltage across the energy storage circuit 4 and the
predeterminable threshold value of the state variable is a predeterminable threshold value of
the voltage across the energy storage circuit 4. The energy storage circuit comprises one or
more capacitive energy stores, such as capacitors, for example. In the event that the
predeterminable threshold value of the voltage across the energy storage circuit 4 is
undershot, at least some of the actuable power semiconductor switches of the converter unit
2 are then actuated such that at least one short-circuiting path is formed via the converter
unit 2 in order to short-circuit the at least one phase voltage source 3.

As an alternative to the voltage across the energy storage circuit 4 as the state variable, it is
also conceivable for the state variable to be the voltage at a phase connection A on the AC
voltage side of the converter unit 2 and for the predeterminable threshold value of the state
variable then to be a predeterminable threshold value of the voltage at a phase connection A
on the AC voltage side of the converter unit 2. In the event that the predeterminable
threshold value of the voltage at a phase connection A on the AC voltage side of the
converter unit 2 is undershot, at least some of the actuable power semiconductor switches of
the converter unit 2 are actuated such that at least one short-circuiting path is formed via the
converter unit 2 in order to short-circuit the at least one phase voltage source 3.

In the case of a converter circuit as shown in Figure 3 and Figure 4, as an alternative to the
voltage across the energy storage circuit 4 as state variable or as an alternative to the
voltage at a phase connection A on the AC voltage side of the converter unit 2 as state
variable, it is also conceivable for the state variable to be the voltage across a converter
circuit element 5, as is illustrated in Figure 3 and Figure 4, of the converter unit 2 and for the
predeterminable threshold value of the state variable then to be a predeterminable threshold
value of the voltage across a converter circuit element 5. In the event of a discrepancy, in
particular in the event that the predeterminable threshold value of the voltage across a
converter circuit element 5 is undershot, at least some of the actuable power semiconductor
switches of the converter unit 2 are actuated such that at least one short-circuiting path is
formed via the converter unit 2 in order to short-circuit the at least one phase voltage

source 3.
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CLAIMS

A method for eliminating an arc driven by means of at least one phase voltage source of
a converter circuit, in which method the converter circuit has a converter unit and an
energy storage circuit, wherein the at least one phase voltage source is connected on
the AC voltage side of the converter unit, and wherein the converter unit has a
multiplicity of actuable power semiconductor switches,

wherein, during operation of the converter circuit, an arc which occurs is detected and,
thereupon, the at least one phase voltage source is short-circuited,

wherein, in order to detect the arc, a state variable of the converter circuit is monitored
for a predeterminable threshold value of the state variable, and

wherein, in the event of a discrepancy between the state variable and the
predeterminable threshold value, at least some of the actuable power semiconductor
switches of the converter unit are actuated such that at least one short-circuiting path is
formed via the converter unit in order to short-circuit the at least one phase voltage

source.

The method as claimed in claim 1, wherein the energy storage circuit is connected on
the DC voltage side of the converter unit, and the state variable is the voltage across the
energy storage circuit, the predeterminable threshold value of the state variable is a
predeterminable threshold value of the voltage across the energy storage circuit and, in
the event that the predeterminable threshold value of the voltage across the energy
storage circuit is undershot, at least some of the actuable power semiconductor switches
of the converter unit are actuated such that at least one short-circuiting path is formed
via the converter unit in order to short-circuit the at least one phase voltage source.

The method as claimed in claim 1, wherein the state variable is the voltage at a phase
connection on the AC voltage side of the converter unit, the predeterminable threshold
value of the state variable is a predeterminable threshold value of the voltage at a phase
connection on the AC voltage side of the converter unit, and, in the event that the
predeterminable threshold value of the voltage at a phase connection on the AC voltage
side of the converter unit is undershot, at least some of the actuable power
semiconductor switches of the converter unit are actuated such that at least one short-
circuiting path is formed via the converter unit in order to short-circuit the at least one
phase voltage source.
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A method for eliminating an arc driven by means of at least one phase voltage source of
a converter circuit, in which method the converter circuit has a converter unit and an
energy storage circuit, wherein the at least one phase voltage source is connected on
the AC voltage side of the converter unit, and the energy storage circuit is connected on
the DC voltage side of the converter unit, and wherein the converter unit has a
multiplicity of actuable power semiconductor switches,

wherein, during operation of the converter circuit, an arc which occurs is detected and,
thereupon, the at least one phase voltage source is short-circuited,

wherein, in order to detect the arc, the surrounding environment of the converter circuit is
monitored visually for the occurrence of an arc light, and

wherein, in the event of the occurrence of the arc light, at least some of the actuable
power semiconductor switches of the converter unit are actuated such that at least one
short-circuiting path is formed via the converter unit in order to short-circuit the at least
one phase voltage source.
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