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Description

The invention relates to a converter circuit having

- a direct-voltage connection,

- at least one alternating-voltage-side connection and

- at least one phase module,

wherein the phase module has a series connection of an upper
and a lower converter valve,

wherein an electrical link between the upper and the lower
converter valve represents the alternating-voltage-side
connection,

wherein connections of the phase module are electrically
connected to the direct-voltage connection,

wherein the upper and the lower converter valve each have at
least two sub-modules which are arranged electrically in
series,

wherein the sub-modules have at least one capacitor and at

least one power semiconductor.

Converters are used to convert electrical power in respect of
voltage level, current level, frequency and phase position.
Converters for the conversion of alternating voltage into
direct voltage or of alternating current into direct current
are referred to as rectifiers. In contrast, converters for the
conversion of direct voltage into alternating voltage or of
direct current into alternating current are referred to as
inverters. Converters for the conversion of outputs with
voltages/currents of one frequency into another frequency are

referred to as (frequency) converters.

Converters are used to supply electrical energy to electric
machines and motors in a targeted manner. As a result, these
electric machines and motors can be controlled and regulated
by the converters. A further field of application is the

control of energy flows, the compensation of harmonic waves
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and the provision of reactive power in power supply networks.
Moreover, converters are involved in the low-loss transmission
of energy by means of high voltage direct current transmission

(HVDC) .

In the description of the alternating-voltage-side output
voltage of converters, a distinction is made between a line-
to-line voltage, which is applied between the individual
alternating-voltage-side outputs of the converter, a voltage
between an output and a reference potential, also referred to
as conductor voltage, and a zero sequence component. The zero
sequence component is formed by the conductor voltages being
added and being divided by the number of conductors. In this
way the voltage of the zero sequence component has no

influence on the line-to-line voltage.

On a power electronics basis, a periodic alternating voltage
can be generated in two ways with the aid of converters:
- pulse-frequency switching (pulse width modulation)

- linear setting/regulating.

With pulse-frequency switching, semiconductors in any topology
are controlled with a frequency which is significantly higher
than the frequency of the output voltage. The voltage waveform
is impressed by way of a variable pulse width. Upstream energy
stores smooth current and voltage. In addition to the desired
voltage, a high-frequency interference remains on the output
variables, which can be reduced by a correspondingly high
filter requirement, but cannot, in most cases, be completely
eliminated. In order to obtain a high-quality output voltage,
the largest possible pulse frequency must be used for
switching. Energy stores and filters on the output side must
be dimensioned sufficiently large. Both considerably reduce
the overall degree of efficiency of the system and are

associated with high costs.
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Any output voltage waveform can be adjusted without high-
frequency interferences using a linear actuator by way of
opening and reducing the semiconductor valves in a targeted
manner. In this way the voltage difference between the DC
voltage and the alternating voltage in the semiconductor is
entirely converted into heat. Depending on the phase control
factor and the curve shape, more thermal energy is converted
in the semiconductor than is output electrically outwards.
Smaller phase control factors reduce the degree of efficiency.
The linear actuator is therefore only used extremely seldomly
in power engineering on account of its very high losses. Due
to the high requirement for cooling, only applications with

relatively small outputs can be realised effectively.

US 5 886 504 A discloses discharging a Boost capacitor in an
H-circuit by way of the linear operation of the switches of

the H-circuit, in order to restrict the currents.

Furthermore, a modular multi-level converter is known from DE
101 03 031 Al. In this design, an output voltage with minimal
harmonic waves can already be generated, since the output
voltage generated with the modular multi-level converter
represents an echelon form. Filters for eliminating harmonic
waves can be realised in a particularly small and economical

manner with this converter.

The multi-level converter disclosed in WO 2011/124260 Al has a

reduced tendency toward harmonic waves.

The object underlying the invention is to specify a cost-
effective and reliable modular multi-level converter, the
output voltage of which can assume a sinusoidal curve without

containing interfering harmonic waves 1in the process.

This object is achieved by a converter circuit according to

claim 1 and by a method according to claim 10. Advantageous
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embodiments are defined in the dependent claims.

The knowledge underlying the invention is that the harmonic
waves in the alternating-voltage-side output voltage can be
reduced in that at least one sub-module is suitable for linear
operation. By means of this operating mode, the voltage of the
one sub-module can be changed continuously so that there are
no jumps in the output voltage. Any continuous voltage curve
can thus be generated at the output. Here the generation of a
sinusoidal curve as an output voltage of a converter is
particularly advantageous. Since the jumps in the output
voltage cause harmonic waves in the output voltage, the
harmonic waves can be avoided with a continuous change in the
output voltage. There is provision for at least one sub-module
of at least one phase module to be operated in linear
operation. With n sub-modules arranged in series, this thus
produces n-1 sub-modules with low losses on account of the
pulse-frequency switching. Only one module is operated with
larger losses. Since only a fraction of the intermediate
circuit voltage is applied hereto however, this module also
only causes a fraction of the losses which a hitherto known
linear actuator causes. On account of significantly lower
cooling requirements, it can thus be produced and also
operated more easily. On account of the low losses, converters
with large outputs can also be realised, which provide a
purely sinusoidal output voltage at the alternating-voltage-

side output.

Contrary to the already known linear actuators, this converter
circuit already has a high degree of efficiency on account of

its number of sub-modules arranged in series.

The combined use of semiconductors in switched and linear
operation produces a highly efficient transformation of

electrical voltage or electrical current from an identical
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magnitude into an ideal periodic alternating variable of any
amplitude, frequency and shape. By means of the large number
of sub-modules which are connected in series, the switching
power of each semiconductor with the use of n sub-modules per
phase module is less by the factor n than with conventional 2-
point inverters, as a result of which the power loss in linear
operation reduces to a factor < 1/n. With a corresponding
layout, the low voltage of the sub-module permits the control
electronics of the sub-module to be supplied directly from

this sub-module without an upstream converter.

The converter circuit is thus also especially suitable for use
for measuring and testing purposes, since it can generate a

required voltage curve precisely.

In an advantageous embodiment, the converter circuit has a
number of phase modules, which are arranged in a parallel
connection in respect of one another. With an arrangement of
this type, multiphase, in particular three-phase, components
can also be connected with the alternating-voltage-side load
connections. A sinusoidal output voltage can thus also be made
available to these multiphase components with the aid of the

inventive converter circult.

In a further advantageous embodiment, each phase module has at
least one sub-module suitable for linear operation. The
advantage of this embodiment consists in it being possible to
influence the output voltage of all alternating-voltage-side
connections with the sub-modules disposed in the linear
operation such that any continuous time curve, 1in particular
sinusoidal curve, of the output voltage, can be realised at
the alternating-voltage-side connections. This means that the
portion of harmonic waves of a sinusoidal curve is equal to or

almost zero.

In a further advantageous embodiment, each upper and each
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lower converter valve has at least one sub-module suitable for
linear operation. The advantage of this arrangement consists
in producing a symmetry between the positive and negative
potential of the intermediate circuit. Aside from providing
continuous time curves of the output voltage, this enables
circular currents, which can be used to balance the capacitor
voltages of the individual sub-modules, to be regulated more
easily. Furthermore, a zero sequence component of the
alternating-voltage-side output voltage can be more easily
influenced by this arrangement. As a result, negative effects,
such as e.g. bearing currents in motors, can be avoided or at

least significantly reduced.

In a further advantageous embodiment, the sub-module suitable
for linear operation and the remaining sub-modules have power
semiconductors with the same voltage blockability. This sub-
module suitable for linear operation can be produced
particularly easily. On account of the same voltage
blockability, the same components can be used in all sub-
modules. This property increases the number of non-variable
parts in the converter, so that this can be produced easily

and cost-effectively.

In a further advantageous embodiment, the converter circuit
has a regulating apparatus, which is electrically connected to
the control assemblies, wherein a target value for the voltage
between the alternating-voltage-side connection and a
reference potential can be predetermined to the regulating
apparatus and wherein the converter circuit can be operated
such that the voltage between the alternating-voltage-side
connection and a reference potential corresponds to the target
value. In this way this target value is not only achieved over
the averaged time, such as is possible with pulse-width-
modulated (PWM) voltages. The target value is achieved at any

point in time. However, a slight time delay between the target
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value specification and realising the output voltage which
corresponds to the target value is to be expected on account
of signal transit times and response times in the control
path. Any variations in time can thus be predetermined in
order to regulate the converter circuits, said variations in
time producing the converter circuit as a voltage compared
with the reference potential at the alternating-voltage-side

connection.

In a further advantageous embodiment, the converter circuit
has a regulating apparatus, which is electrically connected to
the control assemblies, wherein a target value for the voltage
between two alternating-voltage-side connections can be
predetermined to the regulating apparatus and wherein the
converter circuit can be operated such that the voltage
between two alternating-voltage-side connections corresponds
to the target value. This exemplary embodiment corresponds in
principle to the afore-cited, wherein the regulation 1is,
however, not aligned with a voltage between an alternating-
voltage-side connection and reference potential but instead
with the voltage between two alternating-voltage-side

connections.

In a further advantageous embodiment, the voltage between two
alternating-voltage-side connections or the voltage between
the alternating-voltage-side connection and a reference
potential can be generated as a sinusoidal curve. The
particular advantage consists in the sinusoidal curve being
required for many applications and having to be realised in
the past by more or less complicated and costly filter
connections. It is now possible to dispense with this filter
connection. Upon connection to a power supply network for
instance, no high-frequency interfering currents develop on
account of the good sinusoidal curve of the output voltage of

the converter circuit. The same applies to loads connected to
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the converter circuit. These are also partly sensitive to
harmonic waves, which do not occur with the inventive

converter circult.

The converter circuit is thus also especially suited to use
for measuring and testing purposes, since it can generate a

required voltage curve precisely.

In a further advantageous embodiment, the power semiconductors
of the sub-module suitable for linear operation have field
effect transistors, in particular MOSFETS. To that effect
these are particularly optimised to realising a linear
operation. A sub-module suitable for linear operation can be
realised simply, cost-effectively and reliably particularly

with these semiconductor elements.

The invention is described and explained in more detail below
with the aid of the exemplary embodiments shown in the

Figures, in which:

FIG 1 shows a phase of an inventive converter circuit
FIG 2 shows a three-phase inventive converter circuit
FIG 3 shows a sub-module of the inventive converter circuit

with control unit and regulating apparatus and
FIG 4 shows a sub-module with MOSFETS as power

semiconductors.

FIG 1 shows an exemplary embodiment of the inventive converter
circuit 1. This has a direct-voltage connection 13. The phase
module 10 is connected hereto with its connections 14a, 14b.
The phase module 10 comprises the series connection of an
upper converter valve 1lla and a lower converter valve 1lb. The
connecting point of these two converter valves 1lla, 1llb forms
the alternating-voltage-side connection 12. The two converter
valves 1la and 111b in turn each have a series connection of

sub-modules 20,30. Each of these sub-modules i1s connected to a
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control assembly, which is advantageously arranged in the
vicinity of the sub-module 20, 30 or even within the sub-
module 20,30. In the exemplary embodiment shown, the upper
converter valve has a sub-module 30 suitable for linear
operation. This is controlled by way of its control assembly
50 such that compared with a reference potential a voltage
with a continuous variation in time can be generated at the
alternating-voltage-side output. With the realisation of a
sinusoidal curve of the output voltage, this can be realised

without harmonic wave parts.

To regulate currents within the converter circuit 1, it has
proven advantageous if an inductance is present in series with
the sub-modules 20, 30. This is particularly advantageous for
multi-phase alternating-voltage-side output voltages, in order
to generate circular currents so as to balance the capacitor

voltages.

FIG 2 shows a further exemplary embodiment of the inventive
converter circuit 1. To avoid repetitions in respect of
concordant component parts of the system, reference is made to
the description in respect of FIG 1 and the reference
characters cited there. Contrary to the preceding exemplary
embodiment, this converter circuit 1 is embodied with three-
phase alternating-voltage-side connections 12. These are
particularly suited to connection to a power supply network.
The power supply network represents a three phase current
here. Similarly, electrical loads, such as motors for
instance, can be energised using the three alternating-
voltage-side connections, said motors requiring a voltage
source which can be modified in terms of voltage level and
frequency in order to control its rotational speed and its
torgque. On account of the voltage curve at the output, these

loads can be operated without a filter connection.
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Each converter valve has a sub-module 30 suitable for linear
operation in the series connection of the sub-modules 20, 30.
This design is thus symmetrical, on the one hand, in respect
of the individual phase modules 10 and thus also in respect of
the alternating-voltage-side connections 12. The voltages
generated at the alternating-voltage-side connections can thus
all generate, similarly, a correspondingly predeterminable
voltage curve. Since each upper and lower converter valve 1lla,
11b of each phase module 10 in this exemplary embodiment has a
sub-module 30 suitable for linear operation, the voltages of
the alternating-voltage-side connections of each phase module

10 can be predetermined independently of one another.

On account of the precise sinusoidal shape at the alternating-
voltage-side connections, this converter circuit is also
especially suited to measuring and testing purposes, which
make particularly high requirements on the voltage waveform of

a voltage source.

Fig 3 shows an exemplary embodiment of a sub-module 20, 30.
This comprises two semiconductors 41 connected in series and a
capacitor 42 arranged in parallel to this series circuit. At
the connection terminals 43 of the sub-module, the voltage of
the capacitor or the voltage can be applied as zero to the
sub-modules not operated in linear operation. The power
semiconductors 41 are controlled by means of the control
assembly 50. If this control assembly 50 is able to operate
the sub-module not only as described above in switching
operation but also enables linear operation of the sub-module
30, then in the case of this sub-module 30 suitable for linear
operation any voltage of the voltage 0 and the voltage of the
capacitor can be applied at the terminal plugs 43 of the sub-
module 30. The specification as to which voltage value is to
be adjusted is received by the control assembly 50 from the

superordinate regulating apparatus 51. This regulating
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apparatus 51 controls the individual control assemblies 50
with the information as to which voltage the relevant sub-
module 20,30 has to supply to its terminal plugs 43. With sub-
modules 20 disposed in the switching operation, there is only
one item of digital information OV or Uc here, whereas the
sub-modules 30 operated in linear operation obtain a precise
voltage value from the superordinate regulating apparatus 51.
The regulating apparatus 51 in turn determines these control
signals on the control assemblies 50 from the specification of
a target value 52. It has proven to be particularly
advantageous if the regulating apparatus has information
relating to the phase currents and the voltages at the
alternating-voltage-side connections 12 of the converter

circuit 1.

FIG 4 shows the design of a sub-module 30 with MOSFETS
suitable for linear operation. MOSFETS are used here for the

power semiconductors 41 of the sub-module 30.
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Patentkrav

1. Omformerkredslob (1) omfattende

- en jeevnspaendingstilslutning (13),

- mindst en tilslutning (12) pa vekselspaendingssiden og

- mindst et fasemodul (10),

hvor fasemodulet (10) omfatter en seriekobling af en gvre og en nedre omfor-
merventil (11a, 11b),

hvor en elektrisk forbindelse mellem den gvre og den nedre omformerventil
(11a, 11b) udger tilslutningen (12) pa vekselspaendingssiden,

hvor fasemodulets (10) tilslutninger (14a, 14b) er elektrisk forbundet med
jeevnspaendingstilslutningen (13),

hvor den gvre og den nedre omformerventil (11a, 11b) hver isser omfatter
mindst to undermoduler (20, 30), der er anbragt elektrisk i serie,

hvor undermodulerne (20, 30) omfatter mindst en kondensator (42), mindst en
effekthalvleder (41) og en styrekomponentgruppe (50) til styring af effekthalv-
lederen (41), kendetegnet ved, at

mindst en omformerventil (11a, 11b) omfatter et undermodul (30), der er egnet
til lineardrift, og at omformerkredslgbet (1) omfatter en styrekomponentgruppe
(50), der muligger lineardrift af undermodulet (30), der er egnet til lineardrift.

2. Omformerkredslgb (1) ifelge krav 1, kendetegnet ved, at omformerkreds-
lobet (1) omfatter flere fasemoduler (10), der er anbragt i en parallelkobling i
forhold til hinanden.

3. Omformerkredslgb (1) ifolge et af kravene 1 eller 2, kendetegnet ved, at
hvert fasemodul (10) omfatter mindst et undermodul (30), der er egnet til line-
ardrift.

4. Omformerkredslgb (1) ifalge et af kravene 1 til 3, kendetegnet ved, at hver
gvre og nedre omformerventil (11a, 11b) omfatter mindst et undermodul (30),
der er egnet til lineardrift.

5. Omformerkredslgb (1) ifalge et af kravene 1 til 4, kendetegnet ved, at un-
dermodulet (30), der er egnet til lineardrift, og de gvrige undermoduler (20)
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omfatter effekthalvledere (41) med samme spaendingsspaerreevne.

6. Omformerkredslgb (1) ifelge et af kravene 1 til 5, kendetegnet ved, at om-
formerkredslobet (1) omfatter en reguleringsindretning (51), der er elektrisk
forbundet med styrekomponentgrupperne (50), hvor en indstillingsveerdi (52)
til speendingen mellem tilslutningen (12) pa vekselspaendingssiden og et refe-
rencepotential kan forudbestemmes til reguleringsindretningen (51), hvor om-
formerkredslobet (1) kan drives pa en sddan made, at spandingen mellem
tilslutningen (12) pa vekselspaendingssiden og et referencepotential svarer til
indstillingsveerdien (52).

7. Omformerkredslgb (1) ifolge et af kravene 1 til 6, kendetegnet ved, at om-
formerkredslobet (1) omfatter en reguleringsindretning (51), der er elektrisk
forbundet med styrekomponentgrupperne (50), hvor en indstillingsveerdi (52)
til speendingen mellem to tilslutninger (12) pa vekselspandingssiden kan for-
udbestemmes til reguleringsindretningen (51), hvor omformerkredslobet (1)
kan drives pa en sadan made, at spaendingen mellem to tilslutninger (12) pa
vekselspaendingssiden svarer til indstillingsvaerdien (52).

8. Omformerkredslgb (1) ifolge et af kravene 1 til 7, kendetegnet ved, at
spaendingen mellem to tilslutninger (12) pa vekselspaendingssiden eller spaen-
dingen mellem tilslutningen (12) pa vekselspaendingssiden og et referencepo-
tential kan genereres som sinusforlgb.

9. Omformerkredslgb (1) ifelge et af kravene 1 til 8, kendetegnet ved, at ef-
fekthalvlederne (41) af undermodulet (30), der er egnet til lineardrift, omfatter
felteffekttransistorer, isser MOSFETer.

10. Fremgangsmade til drift af et omformerkredslgb (1) ifelge et af kravene 1
til 9, kendetegnet ved, at mindst et undermodul (30) drives i lineardrift i mindst
en omformerventil (11a, 11b).

11. Fremgangsmaéade ifglge krav 10, kendetegnet ved, at mindst et undermo-
dul (30) drives i lineardrift i hvert fasemodul (10).
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12. Fremgangsmade ifolge et af kravene 10 eller 11, kendetegnet ved, at
mindst et undermodul (30) drives i lineardrift i hver gvre og hver nedre omfor-
merventil (11a, 11b).

13. Fremgangsmaéade ifglge et af kravene 10 til 12, kendetegnet ved, at un-
dermodulet (30), der er egnet til lineardrift, drives i lineardrift, hvor et arbejds-
punkt indstilles pa en sadan méade, at der ved tilslutningen pa vekselspaen-
dingssiden i forhold til referencepotentialet genereres en spaending, der svarer
til indstillingsveerdien, der forudbestemmes til reguleringsindretningen.

14. Fremgangsmade ifglge et af kravene 10 til 13, kendetegnet ved, at un-
dermodulet (30), der er egnet til lineardrift, drives i lineardrift, hvor et arbejds-
punkt indstilles pa en sddan made, at der mellem to tilslutninger pa veksel-
spandingssiden genereres en spanding, der svarer til indstillingsvaerdien, der
forudbestemmes til reguleringsindretningen.

15. Fremgangsmaéade ifolge et af kravene 10 til 14, kendetegnet ved, at spaen-
dingen, der genereres mellem to tilslutninger pa vekselspaendingssiden, eller
spaendingen, der genereres mellem en tilslutning (12) pa vekselspaendingssi-
den og et referencepotential, udger et sinusforleb, der er fri for oversvingnin-
ger.
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