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ABSTRACT

A device for reducing a magnetic unidirectional flux component
in the core of a transformer includes at least one compensation
winding, which is magnetically coupled to the core of the

transformer, at least one switching unit 1in series with the

compensation winding to feed a current into the compensation
winding, and at least one current limiting reactor in series

with the compensation winding, wherein two switching units are

connected in parallel with each other per current-limiting
reactor and the current-limiting reactor comprises two
windings, which can be connected either 1n series or 1in
parallel with each other, 1n order to reduce the number of

current limiting reactors in comparison with conventional

cascaded cil1rcuits.
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Device and Method for Reducing a Magnetic Unldirectional Flux

Component of a Transformer Core

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method and device for reducing a

magnetic unidirectional flux component 1n the core of a

transformer, comprising at least one compensation winding

magnetically coupled to the core of the transformer, at least
one switching unit arranged electrically in serles with the
compensation winding in a current path, 1in order to feed a
current into the compensation winding, the effect of which 1s
directed opposite to the unidirectional flux component, and at
least one current-limiting reactor arrandged electrically in

series with the compensation winding in a current path.

2. Description of the Related Art

In electrical transformers, such as those used 1n power
distribution networks, a direct current may undesirably feed
into the primary winding or secondary winding. Such a direct
current feed, also referred to below as a DC component, may
originate from electronic structural components, such as those
currently used in the activation of electrical drives or also
in reactive power compensation. Another cause may be what are

known as 'geomagnetically induced currents' (GIC).

In the core of the transformer, a DC component causes a



CA 02930845 2016-10-13

54100-2004

2

unidirectional flux component that 1s superimposed onto the
alternating flux. This results 1n a non-symmetrical modulation
of the magnetic material in the core and entails a series of
disadvantages. A direct current of as little as a few amperes

can produce a local temperature rise 1n the transformer, which

can negatively affect the service life of the winding

insulation. A further undesirable effect is a raised noise
emlission during operation of the transformer, because modern
transformer cores have a very high magnetic conductivity, SO

that even low electrical direct currents are sufficient to

bring the transformer core, 1n a half-period of the alternating

current, 1nto saturation.

Various active and passive apparatuses are known to reduce the
operating noise of a transformer. According to WO 2012/041368
Al, an electrical voltage i1nduced 1n the compensation winding
is used and employed to compensate for the interfering magnetlc
unidirecticnal flux component. In this way, a compensation
current 1s generated via an electronic switching unit, where
the switching-on of the switching unit follows a predetermined
switching strategy, such as via a phase angle control. Here, a

thyristor switch 1s connected 1n series with a current-limiting

reactor to introduce the compensation current into the

compensation winding.

By virtue of the cited measures, the thermal load of the
winding of the transformer and the losses and nolses are lower.
Here, the device for reducing a magnetic unidirectional flux
component can be realized with comparably simple means using
discrete and/or programmable modules. An energy store, such as

a battery or a capacitor, 1s not needed to generate the
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compensation current; the energy for generating the

compensaticn current is taken directly from the compensation

winding. By virtue of its simplicity, the reliability of the

swlitching arrangement 1s high and well suited to the low-

malntenance long-term operation of a transformer in a power

distribution network. The field of application comprises both

transformers in the low- or medium-voltage range, as well as

transformers with a very high power (power transformers, high
voltage direct current (HVDC) transformers). Neilther the size
nocr safety-relevant apparatuses or other design criteria of the
transformer are disadvantageously influenced by the use of the

device.

It 1s advantageous, 1in a device for reducing a magnetic

unidirectional flux component, for the current-limiting reactor
to be 1nstalled within the tank of the transformer, in order to
use its (oll) cooling. However the current-limiting reactor
requires space in the tank of the transformer. Since what 1is
known as a thyristor circuit (consisting of a switching unit

embodied as a thyristor and a current-limiting reactor) 1is

often not sufficient to introduce the necessary ampere-turns

(1.e., the necessary magnetic force permeation) into the

Lransformer, a number of thyristor circuits are cascaded in a
Known manner, whereby a number of current-limiting reactors are
however also required, as shown in Fig. 2 for instance.
Sometimes, 1n practice, up to four thyristecr circuits have to

be cascaded, which also means 1nstalling four current-limiting

reactors 1nto the tank of the transformer. However, a number of
current-limiting reactors result 1n an increased space

requirement 1n the tank of the transformer.
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SUMMARY OF TH.

INVENTION

The present embodiments may obviate one or more of the

drawbacks or limitations 1n the related art. For example, some

embodiments provide device for reducing a magnetic
unidirectional flux component in the core of a transformer
that, 1n comparison with conventional cascaded switching
clrcuits (each consisting of a switching unit and a current-
limiting reactor), has a lower number of current-limiting

reactors.

An embodiment of the i1nvention provides a device in which two
switchling units are connected in parallel with each other per
current-limiting reactor, the current-limiting reactor consists

of two windings which can be connected either in series or in

parallel with each other, where in the case of the parallel

connection, the first winding 1s connected in series with the
first switching unit and the second winding is connected in

series with the second switching unit, while in the case of the

series connection, the first and second winding are connected

1n serles with one another and with the first switching unit.

The configuration of the current-limiting reactor with Two
windings enables the windings to be connected in series or in

parallel. For this reason, the current-limiting reactor can

then be switched over from full inductance (series connection)

to quarter 1nductance (parallel connection).

The advantage of the swltchable solution lies in the possible
reduction 1n the harmonic component in the compensation

current. The required compensation current can be set by

switching the switching unit (e.g., firing the thyristor). If a
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switch 1is made at the zero induced voltage crossover point, the
maximum direct current is set, which is however superimposed
with an alternating current having the amplitude of the direct
current and the power frequency. If the switching unit is later
switched, the direct current is lower, but harmonic alternating

currents also develop.

r—

If only one direct current between zero and a quarter of the

maximum current has to be introduced as a compensation current,

only one switching unit and the current-limiting reactor with

full inductance may be used. In the case that the compensation
current to be 1introduced is half of the maximum direct current,
a switch 1s made into the voltage zero crossover and no
harmonics develop. If the compensation current to be introduced
is above half of the maximum direct current, two switching

units are connected in parallel, where a current-limiting

reactor with a quarter of the inductance is used in each

branch.

If the first and second winding are magnetically coupled with

each other by way of a shared magnetic ring, this is

L

advantageous 1n that any differences in the resistances of the

switching units connected in parallel are compensated. This

avolds an unequal current distribution onto the two switching

units and thus a thermal overload of one switching unit. With
an unequal change 1n the current in the two branches over time,

a voltage that counteracts the unequal change in the current

over time 1s 1nduced 1n the branches. If the same current 1s

flowing 1in both branches, no magnetic flux is thus induced in

the magnetic ring.

The two windings of the current-limiting reactor and the shared
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magnetlc ring can be configured such that the first and second
winding are each wound around a magnetic limb, the two limbs
are aligned in parallel with each other and are each connected

to one another on their end faces by a magnetic yoke.

At least one magnetic yoke may have two yoke limbs that are
each connected to one another on their ends, where a number of
turns of the first winding are wound over a yoke limb and the

same number of turns of the second winding are wound 1n the

opposite direction over the other vyoke limb. The windings wound

over the yoke limb are auxiliary or additional windings, which

perform the function of a toroidal core. Coolant 1n the tank of

the transformer can be passed through the slot between the two
voke limbs and said slot thus promotes the flow of coolant

through the wihdings.

The switching unit may contailn at least one semiliconductor

switch, preferably a thyristor. The advantage of using a

thyristor is that a thyristor can be 'fired' with a current

"

pulse, in other words can be brought into the conducting state.

During the positive half-wave of the supply voltage, the
thyristor has the property of a diode until the next zero
current crossover. The end of the current flow duration is
effected by the thyristor itself, by the holding current not
being met and the thyristor automatically being "extinguished"

in other words passing into the non-conducting state. Other

semiconductor switches, such as GTO, IGBT transistors or other

switching elements are naturally also conceivable.

'

The switching unit can be advantageously connected to a control

unit, which is connected to a measuring apparatus for detecting

the magnetic unidirecticnal flux component.
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Wo 2012/041368 Al discloses an exemplary measuring apparatus

for detecting the magnetic unidirectional flux component, which
comprises a magnetic shunt part with a sensor coil there. The
magnetic shunt part 1s arranged on the core of the transformer,

such as on a limb or adjacent to the yoke, in order to guide

part of the magnetic flux 1n a bypass. From this magnetic flux
established in the shunt, a sensor signal with long-term
stability can be very easily obtained via a sensor coil, where

the sensor signal very effectively reproduces the

unidirecticonal flux component (DC component), 1f applicable

after signal processing. The measurement output 1s largely free

of drift and has long-term stability. Since thilis detector

substantially consists of the magnetic shunt part and the

sensor coll arranged thereupon, 1t has a high reliability.

The sensor signal from the measuring apparatus to detect the

magnetic unidirectional flux component 1s supplied to the
control apparatus. Here, the switching unit 1s controlled with
a manipulated variable for instance, which 1s predetermined Dy
a timer availilable in the control apparatus, where the timer 1is
triggered by a phase detector, which detects the phase of the
voltage induced in the compensation winding. The timer may be a
discrete component or part of a digital circuit. It may be
advantageous 1f the manipulated variable 1s the output of a
computing operation of a microprocessor. Here, the
microprocessor may also be used simultaneously for the signal
processing of the sensor signal. The switching unlt can be

activated, for 1nstance, such that a pulsing direct current 1is

fed into the compensation winding. This 1s advantageous 1in that
the arithmetic mean value of this pulsing direct current can be

predetermined very easily 1n accordance with the DC component
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Lo be compensated. For the purpose of reducing the magnetic

energy stored 1n the inductor, the electronic switching unit

expediently remains switched on until the pulsing direct

current has decayed. After the electrical switching unit is
switched off, an overvoltage protection thus has to absorb

virtually no magnetic residual energy stored in the coil.

It may be advantageous 1f the switching unit and the control
apparatus are arranged outside of the tank of a transformer. As

a result, the entire electronic circuilt i1s accessible from the

cutslde for inspection and maintenance purposes.

The method for.operating the device 1n accordance with the
invention provides that in the case where at most only a
quarter of the maximum possible compensation current 1is
required, the two windings of the current-limiting reactor are
connected 1n series with each other and only one switching unit
1s used, while in the case where more than a quarter of the
maximum possible compensation current is needed, the two
windings of the current-limiting reactor are connected in

parallel with each other and both switching units are used.

For the switchover between parallel and series connection, a
control criterion with hysteresis can be used to reduce the
switchover frequency 1f the compensation current to be
introduced lies 1n the range of a quarter of the maximum

possible compensation current.

Provision can be made for the controller for controlling the

switching units to comprise a timer, which is triggered by a
phase detector, which detects the phase of the voltage induced

in the compensation windings, and activates the switching unit
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such that a pulsing direct current is fed into the compensation

windings, as is already shown in WO 2012/041368 Al.

According to one aspect of the present invention, there 1is

provided a device for reducing a magnetic unidirectional flux

component in a core of a transformer, comprising: at least one

#

compensation winding magnetically coupled to the core of the

transformer; at least one switching unit arranged electrically

in series with the at least one compensation winding in a

current path to feed a current 1nto the at least one

compensation winding, an of which 1s directed opposite to a
unidirectional flux component; and at least one current-
limiting reactor arranged electrically 1n serles with the at
least one compensation winding in the current path; wherein two
switching units are provided per current limiting reactor and
connected in parallel with each other; wherein the current-
limiting reactor consists of two windlngs which are connectable
in series or in parallel with each other; wherein 1n cases of

the parallel connection, the first winding 1s connected 1in

series with the first switching unit and the second winding 1s
connected in series with the second switching unit; and wherein

in cases of the series connection, the first and second winding

are connected in series with one another and with the first

switching unit.

According to another aspect of the present invention, there 1s
provided a method for operating a device, the method
comprising: connecting two windings of a current-limiting
reactor in series with each other, only one switching unit

—

being used 1in cases where at most only a quarter of the maximum

possible compensation current 1s requlired; and connecting the

CA 2930845 2017-09-06
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two windings of the current-limiting reactor in parallel with

each other, two switching units being used in cases where more

F

than a quarter of the maximum possible compensation current is

required.

Other objects and features of the present invention will become

apparent from the following detailed description cconsidered in

conjunction with the accompanying drawings. It is to be
understood, however, that the drawings are designed solely for

purposes of 1llustration and not as a definition of the limits

of the invention, for which reference should be made to the

appended claims. It should be further understood that the
drawings are not necessarily drawn to scale and that, unless
otherwise 1indicated, they are merely intended to conceptually

illustrate the structures and procedures described herein.

ESCRIPTION OF THE DRAWINGS

4

BR1I.

[
+r
-,

To further explain the invention, reference is made in the
followlng part of the description to the figures, from which

further advantageous embodiments, details and developments of

the 1nvention can be inferred, in which:

Figure 1 shows a block diagram in accordance with the prior
art for introducing compensation current into a
compensation winding, comprising a thyristor circuit;

Figure 2 shows a block diagram in accordance with the prior
art for introducing compensation current into a
Compénsation winding, comprising two thyristor
circults;

Figure 3 shows a block diagram for introducing compensation
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current 1nto a compensation winding, 1n accordance
with an alternative conventional solution;

shows a block diagram of Fig. 3, with a magnetic
coupling;

shows a schematic representation of a current-

limiting reactor in accordance with the invention;
shows a plan view of the current-limiting reactor of
Fig. 5;

shows a block diagram of the current-limiting reactor
of Fig. 5 and 6;

shows a current-limiting reactor with a series
connection between the two windings 1n accordance
wlith the i1nvention;

shows a current-limiting reactor with a parallel
connection between the two windings in accordance

with the invention; and

10 1s a flowchart of the method in accordance with the

invention.

L™

EXEMPLARY BEMBODIMENTS

According to the prior art, with what 1is known as direct

current compensation, direct current is selectively introduced

into a compensation winding K to cancel out the direct current

arven

magnetization of the transformer core. To introduce the

necessary magnetic force permeatlion (i1.e., direct current

ampere—-turns) 1nto the compensation winding K, use 1s made of

the alternating voltage 1nduced 1n the compensation winding K.

Here, the compensation winding K acts like an alternating

vecltage source. On the compensation winding K, a switching unit

T formed as a thyristor 1s connected 1in series with a current-
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limiting reactor L. The required direct current can be set via

a voltage-synchronous firing at a specific firing time of the

thyristor T. If the thyristor is fired at the zero voltage
crossover, the maximum direct current 1s set, which 1s however
superimposed with an alternating current having the amplitude
of the direct current and the power freguency. If the thyristor
T 1s later fired, the direct current 1s lower, but harmonic
alternating currents also develop. The current profile 1in the
thyristor T is limited by a current-limiting reactor L; the

permissible thermal load of the thyristor T is the dimensioning

factor for the current l1imitation.

If one thyristor circuit (consisting of a thyristor T 1n series

—

ficient to

with a current-limiting reactor L) 1s not su:

introduce the necessary magnetic force permeation, then a
number of thyristor cilrculits can be cascaded, 1n other words
connected 1n parallel, as shown 1n Fig. 2 for two thyristor

circuits L, T1l; L, T2.

In order to then reduce the number of current-limiting reactors
L, it is possible to only connect the thyristors Tl, T2Z in
parallel with one another and to connect thils parallel
connection in series with a current-limiting reactor L/4 with a
quarter of the inductance of the current-limiting reactor L

from Fig. 1 or 2.

The current-limiting reactor 1L/4 has approximately the same

size as the current-limiting reactor L with full i1nductance,

since 1t only has half the number of turns. However, four times

—

the amount of current flows. Consequently, it also requires

approximately four times the conductor cross-section. The

problem is now that the resistances ¢f the thyristors T1l, T2
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are small, which 1s good 1n 1i1tself, but these resistances may

fluctuate. This resistance fluctuation may result 1n an uneqgual

current distribution in the thyristors Tl1l, TZ and therefore in

—

a thermal overload of a thyristor T1, TZ.

The solution to the problem now consists 1n coupling both

thyristors T1l, T2 by way of a magnetically highly conductive
torcidal core R, as 1s shown schematically 1n Fig. 4. With an
unequal change 1n the current or voltage over time, AU, 1in the

two thyristor circuits, a voltage 1s i1nduced 1n the thyristor

circuits, which counteracts the unegqual change over time. If

the same current 1s flowing i1n both thyristor circuits, then no

magnetic flux 1s induced in the toroidal core R.

A suitable design of the current-limiting reactor L/4 enables
the function of the toroidal core R from Fig. 4 to be
integrated into the current-limiting reactor L/4. Two
thyristors T1l, T2 are connected 1n parallel with each other;

p—

the current-limiting reactor L/4 conslists of two windings W1,

W2, which can be connected either in series or in parallel with

one another, where 1n the case of the parallel connection, the
first winding Wl i1s connected 1n series wlith the first
thyristor Tl and the second winding WZ 1s connected 1n series
with the second thyristor T2, while 1n the case of the series
connection, the first and second winding W1, W2 are connected
in series wilith each other and with the first thyristor Tl. This

configuration is shown in Fig. 8 and 9.

The structure of a current-limiting reactor L/4 in accordance
with the invention 1is shown 1n Fig. 5 and 6. The first winding
Wl is wound around a first magnetic limb S1, and the second

winding W2 is wound around a second magnetic limb S2. The two
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limbs S1, SZ are aligned 1n parallel with each other and

connected, 1.e., magnetically coupled, with one another on

their end faces by a magnetic yoke Jo, Ju 1n each case.

The yokes Jo, Ju are formed as windiling cores with an inner slot
KS. A magnetic yoke Jo, Ju thus has two yoke limbs connected to
each other at each of 1ts ends. Here, the yokes Jo, Ju are
shaped as oval rings, each having two straight yoke limbs and

two curved, for i1nstance semicircular, yoke parts that connect

the two yvoke cores with one another. Each yoke Jo, Ju 1s

generally formed as a single piece.

A number of turns of the first winding Wl as first auxiliary

winding WH1 are wound over the one yoke limb of the upper yoke

Jo and the same number of turns of the second winding W2 as

second auxiliary winding WHZ are wound over the other yoke limb

in the opposite direction. The input El1 of the first winding 1s

disposed on the underside of the winding W1l. The output Al 1s

disposed on the top side of the yoke Jo downstream of the first

auxiliary winding WH1. The input E2 of the second winding WZ 1s
disposed on the top side of the ycke Jo upstream of the second

auxiliary winding WH2, the output AZ of the second winding W2

is disposed on the underside of the second winding WZ.

The first and second winding W1, W2 are magnetically coupled to

H
—

cach other via a shared magnetic ring, consisting of a first

and second limb S1, S2 and the two vyokes Jo, Ju. The first and
second winding W1, WZ are extended by the auxiliary windings

WH1, WH2 over the yoke JO acting as a winding yoke. The two

auxiliary windings WH1, WHZ have the same number of turns. The
winding direction is thus configured such that the linked flux

ig zero. No flux 1s then 1nduced i1in the toroilidal core R when
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the current in the windings Wl, WZ 1s the same. With unequal
currents, a magnetic flux develops i1n the toroidal core R, as a
result the construction acts like a conventional toroidal core
for the two windings W1l, WZ and an unequal distribution of the
currents 1n the two windings Wl, W2, and thus an unequal
current distribution in the two thyristors T1, T2 1is

counteracted.

The device 1n accordance with the invention, consisting of a
current-limiting reactor L/4 and two thyristors T, 1s generally
arranged in and/or on the transformer tank. The slot KS of the
yvokes Jo, Ju then also serves as a cooling duct, 1n order to

promote the 01l flow through the windings W1, WZ.

A current-limiting reactor L/4 in accordance with the invention
1s shown symbolically in Fig. 7, where the small quadrant
between the windings Wl and WZ represents the magnetic coupliling

over the toroidal core R.

The configuration of the current-limiting reactor L/4 in
accordance with the i1nvention allows the two windings W1, W2 to
be connected either 1n series or 1n parallel. As a result, 1t
is possible to switch over from full to quarter 1nductance with

one and the same reactor. The additional or auxiliary windings
WH1, WHZ over the toroidal yoke 51, S22, Jo, Ju compensate for

an unequal current distribution.

—

The series connection of the two windings Wl, W2 is shown 1n

Fig. 8 where only the first thyristor Tl is used. The current-
limiting reactor has the full inductance, the same current
flows through both windings Wl, WZ, where the toroidal core R

has no effect. The series connection 1s used if only a direct
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current of between zero and a quarter of the maximum possible
compensation current 1s to be introduced. In this case, 1t 1is
sufficient to use just one thyristor Tl and the current-
limiting reactor with full inductance. However, a harmonic
component 1n the compensation current is accepted here, because
the thyristor Tl i1s connected with a time delay on account of

the lower current requirement.

In the case where the current to be introduced into the
compensation winding amounts to a quarter of the maximum direct
current, the series connection according to Fig. 8 1is again
used. However, the thyristor Tl 1s connected without a time

delay so that no harmonic components occur.

The parallel connection of the two windings W1, W2 is shown in
Fig. 9, where both thyristors T1l, T2 are used. The current-

limiting reactor has a quarter of the inductance, and the

torcidal core R ensures that a different current increase over
both windings Wl, W2 1s compensated. The parallel connection 1is
used 1f more than a quarter of the maximum possible current 1is

reguired.

With all disclosed embodiments, the compensation current begins
to flow when the switching apparatus 1s switched, 1n other
words when the thyristors Tl, TZ are fired. The thyristors can
be controlled as in WO 2012/041368 Al: the control unit

consists substantially of a phase detector and a timer. The

phase detector, e.g., a zero crossover detector, deduces from
the 1nduced voltage a trigger signal, which is supplied to a
timer. Together with a control signal that i1s likewise supplied
to the control unit, the control unit provides a manipulated

variable on the output side that 1s routed to the thyristor T1,
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T2. The inductances of the windings Wl, WZ are established such

that when the thyristors T1l, T2 are switched through, a pulsing

current profile flowing 1n a current direction 1s fed into the
compensation winding K. In this case, the thyristor T 1is
connected in the currentless state to the end of the direct

r—

current pulse, such as by the holding current of the thyristor

not being met.

For the switchover between parallel and series connection,
which can be effected with the same control unit as that for
the connection of the thyristors T1l, T2, a control criterion
with hysteresis 1s best used to reduce the switchover frequency

if the compensation current to be i1ntroduced 1s in the range ot

half of the maximum possible compensation current.

A number of devices 1n accordance with the disclosed

embodiments, each consisting of a current-limiting reactor L/Z
and two thyristors T, can also be connected 1n parallel, 1f a
higher compensation current than with the parallel connection

of Fig. 9 is required.

Fig. 10 is a flowchart of operating a device. The method comprises
connecting two windings (Wl, W2) of a current-limiting reactor
(LL/4) 1n series with each other, as indicated 1n step 1010. Here,
only one switching unit (T1l) being used 1in cases where at most
only a quarter of the maximum possible compensation current 1s
required. Next, the two windings (Wl, WZ2) of the current-
limiting reactor (L/4) are connect 1n parallel with each other,
as indicated in step 1020. Here, two switching units (T1, TZ) are
used in cases where more than a guarter of the maximum possibile

compensation current 1s required.
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Thus, while there have been shown, described and pointed out

fundamental novel features of the 1nvention as applied to a
preferred embodiment thereof, it will be understood that
varlous omlsslions and substitutions and changes 1in the form and

details of the devices 1i1illustrated, and in thelr operation, may

be made by those skilled in the art without departing from the

spirlit of the invention. For example, it 1s expressly intended
that all combinations of those elements and/or method steps
which perform substantially the same function 1n substantially
the same way to achieve the same results are within the scope
of the invention. Moreover, i1t should be recognized that
structures and/or elements and/or method steps shown and/or
described 1n connection with any disclosed form or embodiment
of the invention may be incorporated 1n any other disclosed or
described cr suggested form or embodiment as a general matter
of design choice. It 1s the intention, therefore, to be
limited only as 1ndicated by the scope of the claims appended

hereto.
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CLAIMS:

L. A device for reducing a magnetic unidirectional flux

component in a core of a transformer, comprising:

at least one compensation winding macgnetically coupled to the

core of the transformer:;

at least one switching unit arranged electrically 1n

series with the at least one compensation winding 1n a current
path to feed a current into the at least one compensation

winding, an of which is directed opposite to a unidirectional

flux component; and

at least one current-limiting reactor arranged

electrically in series with the at least one compensation

winding 1n the current path;

wherein two switching units are provided per current

limiting reactor and connected 1in parallel with each other;

wherein the current-limiting reactor consists of two

windings which are connectable in series or 1in parallel with

each other;

wherein in cases of the parallel connection, the
first winding is connected in series with the first switching
unit and the second winding 1s connected 1n serlies wlith the

second switching unit; and

wherelin in cases of the series connection, the first

and second winding are connected 1n serilies with one another and

with the first switching unit.
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2. The device as claimed in claim 1, wherein the first

and second winding are magnetically coupled to each other via a

shared magnetic ring.

3. The device as clalmed 1n claim 2, wherein the first
and second winding are each wound around a magnetic limb, two

limbs being aligned 1n parallel with each other and each being

connected to one another on their end faces by a magnetic yoke.

4 . The device as claimed 1n claim 3, wherein at least
one magnetic yoke has two yoke limbs each connected to one
another at their ends, wherein a number of turns of the first

winding are wound over a yoke limb and the same number of turns

of the second winding are wound 1n the opposite direction over

the other yoke limb.

5. The device as claimed 1n claim 1, wherein the

switching unit contains at least one semiconductor switch.

0. The device as claimed in claim 1, wherein the

switching unit 1s connected to a control unit, which 1s

connected to a measuring apparatus for detecting the magnetic

unidirectional flux component.

7. The device as claimed in claim 5, wherein at least

one semiconductor switch 1s a thyristor.
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