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Description

[0001] High-performance AC power sources are a very important tool for testing new power electronics converters
supplied from single-phase or three-phase AC mains. They allow to verify the behavior of the new equipment under
different operating conditions such as the presence of harmonics in the supply voltage, and grid failures like loss of a
phase of a three-phase supply [1]-[3]. Accordingly, an important requirement for the AC source is the generation of
balanced or unbalanced voltages, even DC, as well as operation with unbalanced or nonlinear loads, including single-
phase loads. In case of loads with a ground connection, the AC source must ensure that no current is circulating through
the ground loop occurring through the ground connection of the mains star point. It is also highly desirable to allow the
parallel connection of two or more AC sources, using them as modules in order to increase the power rating of the
system. Any currents circulating between the modules must be avoided.

[0002] Inorderto handle unbalanced or nonlinear loads, a fourth leg is included in the output stage providing a neutral
point connection. In addition, the use of a fourth leg allows to increase the output voltage range and to reduce the DC-
link capacitors, in comparison to the direct connection of the neutral point of the load to the midpoint of the DC-link [4]
(cf. Fig. 1). Modeling and control of 4-leg systems have been studied in the literature and several modulation and control
schemes have been proposed.

[0003] Most of the control schemes consider a coordinates transformation using a static or rotating reference frame
and an equivalent circuit, representing the 4-leg system as three single-phase systems [4]-[7], as shown in Fig. 2. The
use of carrier-based pulse width modulation (PWM) [8], as well as space vector modulation (SVM) using a three-
dimensional representation of the voltage vectors have been proposed in the literature [4], [9], [10] (cf. Fig. 3). All these
approaches consider three-phase sinusoidal voltages and are not suitable or easily applicable if the reference voltages
can have any programmed waveform, including DC.

[0004] Considering the AC source as a module, three types of circulating currents can be identified: zero sequence
currents, module ground currents and, for parallel connected modules, inter module circulating currents. Zero sequence
currents circulate inside the power converter and can be controlled in order to provide some additional advantage in
the operation of the converter, e.g. maximize the output modulation range of the inverter. Module ground currents can
appear when supplying voltage to loads with connection to ground, as the star point of the mains supplying the AC
source is tied to ground. This effect is more likely to appear with unbalanced loads, nonlinear loads and active loads.
Accordingly, the design of the AC source circuit and control scheme must consider the mitigation of the module ground
currents, providing safe operation with ground connected loads. The inclusion of an isolation stage could prevent the
appearance of circulating currents but it requires a higher implementation effort. Inter module currents circulate between
parallel connected AC source modules, and can generate uneven power distribution between the modules and distortion
of the input currents. This problem has been discussed in the literature considering the parallel connection of voltage
source rectifiers [12]-[14], current source rectifiers [15] and voltage source inverters [16], [17]. The control scheme of
each AC source module must consider the regulation of the zero-sequence currents at the input side in order to have
a balanced operation of the modules without inter module currents. At the output side, a master-slave configuration of
the modules can be implemented in order to guarantee equal sharing of the load current.

[0005] US 2005/140142 A1 discloses a three phase power converter in which the star points of an input filter and of
an output filter, the midpoint of a DC link and the midpoint of an additional bridge leg all are connected to a common
neutral point.

[0006] There is a need for a control scheme for a high-performance three-phase AC power source with a four-leg
inverter output stage which reduces or eliminates a current circulating through the ground loop occurring through the
ground connection of a mains star point. There further is a need for a control scheme that allows the parallel connection
of two or more AC sources, using them as modules in order to increase the power rating of the system, and that reduces
or eliminates currents circulating between the modules.

[0007] 1tis therefore an object of the invention to create a control scheme of the type mentioned initially which satisfies
one or more of the abovementioned needs.

[0008] Forthis, amethod is provided for controlling a multiphase AC power converter, wherein the power converter
comprises

* amultiphase primary stage for exchanging electrical energy between a multiphase voltage source and a DC link;

* aninput filter arranged between the primary stage and input terminals connecting the power converter to the mul-
tiphase voltage source;

* amultiphase secondary stage for exchanging electrical energy between the DC link and phases of a multiphase
load, this secondary stage comprising one bridge leg for each of the phases of the load and an additional bridge
leg for a neutral point of the load;

» theinputfilter comprising an input filter star point connected to a midpoint of the DC link via a connection capacitance

(Conp)
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The method comprises the following steps for controlling a ground current (ignd) flowing into the power converter:

* an outer controller controlling the ground current (ignd) to a reference value (/*g,,d), typically zero, by generating a
reference value (u*my) for a voltage across the connection capacitance (Cmy);

* aninner controller controlling the voltage (umy) across the connection capacitance (Cmy) toits reference value (u
by generating a reference value (i',) for a zero sequence current flowing through the connection capacitance (C

+  azero sequence current controller controlling the zero sequence current (i) to its reference value (i*,).

.
my)>

[0009] In an embodiment, the power converter comprises an output filter arranged between the secondary stage and
output terminals that connect the power converter to the load, including the neutral point of the load, and wherein a star
point of the output filter is connected to the midpoint of the DC link; the method comprising the step of

+ afeedforward circuit adding a potential (Uy,,,) of the secondary stage neutral point to the reference value generated
by the outer controller before inputting it as a reference value (u*my) to the inner controller.

[0010] Inanembodiment, the voltage source is a three phase system and the load comprises three phase connections
and one neutral point connection to the power to converter.
[0011] The multiphase AC power converter, according to one embodiment, comprises

* amultiphase primary stage for exchanging electrical energy between a multiphase voltage source and a DC link;

* aninput filter arranged between the primary stage and input terminals connecting the power converter to the mul-
tiphase voltage source;

* a multiphase secondary stage for exchanging electrical energy between the DC link and phases of a multiphase
load, this secondary stage comprising one bridge leg for each of the phases of the load and an additional bridge
leg for a neutral point of the load;

* theinputfilter comprising an input filter star point connected to a midpoint of the DC link via a connection capacitance
(Cnyh;

* anoutputfilter arranged between the secondary stage and output terminals that connect the power converter to the
load, including the neutral point of the load, and

* wherein a star point of the output filter is connected to the midpoint of the DC link.

[0012] Inan embodiment, the multiphase AC power converter the output filter, including filter elements for the neutral
point, is a symmetric filter.

[0013] Inan embodiment, the multiphase AC power converter comprises a controller for controlling ground loop cur-
rents, wherein the controller comprises the following units implemented in hard- and/or software for controlling a ground

current (i .. ;) flowing into the power converter:

gnd

* anoutercontroller arranged to control the ground current (ignd) to areference value (/*g,,d) by generating a reference
value (u my) for a voltage across the connection capacitance (Cmy);

¢ aninner controller arranged to control the voltage (umy) across the connection capacitance (Cmy) to its reference
value (u*my) by generating a reference value (i*,) for a zero sequence current flowing into the connection capacitance
(Crmphi

+ azero sequence current controller arranged to control the zero sequence current (i,) to its reference value (i",).

[0014] In an embodiment, the multiphase AC power converter comprises a controller for the potential (Up,;,) at the
neutral point of the secondary stage that maximises the voltage range for the other three output phases.

[0015] The output stage or secondary stage, for example a four-leg inverter, can use a phase-oriented control scheme,
allowing independent operation of each phase of the power source with any type of voltage references and any type of
load. The output stage neutral potential uy,, can be controlled for maximum modulation range in case of floating load
and controlled to zero for grounded load. The control scheme of the input PWM rectifier considers the control of the zero
sequence voltages in order to prevent the appearance of a module ground current and of inter module currents, allowing
the operation with ground connected loads and the parallel connection of several AC power source modules.

[0016] In an embodiment, the multiphase AC power converter comprises a feedforward circuit arranged to add a
potential (Uy,,,) of the neutral point of the secondary stage to the reference value generated by the outer controller before
inputting it as a reference value (u*my) to the inner controller.

[0017] In summary, a control scheme for a high-performance three-phase (or multi-phase) AC power source is pre-
sented. The four-leg inverter output stage uses three bridge legs to generate the phase output voltages with reference
to the neutral point potential, which is defined by the fourth bridge leg. The inverter is controlled using a phase-oriented
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control in order to achieve precise control of each output phase with unbalanced voltages and any kind of load. The
neutral potential of the four output stage is controlled for maximum modulation range in case of floating load and controlled
to zero for grounded load. The control scheme for the input PWM rectifier stage considers the control of the zero sequence
voltage in order to prevent the appearance of circulating currents through the ground loop when the load star point is
connected to ground. The control of the circulating currents also allows the safe parallel connection of two or more AC
sources.

[0018] Simulation results under balanced and unbalanced conditions demonstrate the performance of the AC source
in terms of output voltage control and prevention of circulating ground currents.

[0019] The examples below and the explanations above mention three phase systems but apply mutatis mutandis to
multi-phase systems.

[0020] Further embodiments are evident from the dependent patent claims. Features of the method claims may be
combined with features of the device claims and vice versa.

[0021] The subject matter of the invention will be explained in more detail in the following text with reference to
exemplary embodiments which are illustrated in the attached drawings, in which:

Figure 1aand 1b  together show the topology of a multiphase converter;
Figure 2a and 2b  together show measurement and control elements:

Figure 3 show a ground loop current equivalent circuit;
Figure 4 show two converters connected in parallel; and
Figures 5-8 trajectories of voltages and currents for different loads.

[0022] In principle, identical parts are provided with the same reference symbols in the figures.

[0023] The power circuit of a converter operating as an AC source considered in this work is shown in Fig. 1. The
power converter is based on the three-level neutral point clamped (NPC) topology. At the input side, a three-phase
voltage source rectifier provides controlled DC-link voltages and sinusoidal input currents. An input filter is included and
it is assumed that the neutral point of the grid is connected to ground. The star point of the filter capacitors y is connected
to the midpoint of the DC-link m through another capacitor Cmy, allowing the control of the midpoint potential with respect
to ground. The output side has four legs with LC filters providing three controlled output voltages at the phase terminals
A, Band C and at the neutral terminal N. The output voltages are defined with respect to the neutral terminal N and can
be controlled independently. The control of the fourth leg is utilized in order to maximize the output voltage range of the
three output phases or to be zero in case of loads connected to ground (assuming that the modulation of the input stage
is without zero sequence voltage). The load can be balanced or unbalanced, linear or nonlinear, and with or without
connection to ground.

[0024] A possible embodiment for the control scheme for the output stage is shown in Fig. 2. Each phase is controlled
independently using a cascaded structure with an inner current control loop and an outer voltage control loop, optionally
including feedforward loops of the load phase currents and reference voltages. The reference for the phase N can be
calculated in order to maximize the voltage range of the other three output phases:

o fark * * * * %
- min(u} v, Upy, Ugy) + max(uhy, upy, ton)
'Nm — :

2

In case of ground connection of phase N, the reference voltage is set to zero, i.e. u*y,, =0.

[0025] As shown in Fig. 2, a Pl controller regulates the ground current ignd with a reference value equal to zero. The
output of this controller and a feed forward loop of the output neutral voltage uy,, generate the reference voltage u*my.
The second Pi controller regulates the capacitor voltage Upmy and its output is the reference value for the zero sequence
current controller. This third controller provides a fast control of the zero sequence current i, and generates the reference
for the zero sequence voltage g,

[0026] In the input stage, a Pl controller regulates the total DC-link voltage up and generates the reference for the
input phase current amplitude AI including a feed forward loop of the output current i, ., which can be obtained from the

output stage controller variables:

out

UjQNiA,out + u*BNiB,out + U*CN‘iC,out
upc

Lout =

A moving average filter is used for the dc-link voltage upc and load current i, in order to avoid distortions in the input
currents due to periodic variations of the dc-link voltage generated by unbalanced operation of the output stage, e.g.
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with a single phase load.

[0027] For another explanation of the control scheme for the ground current, consider Fig. 3: The input side of the AC
source is modeled in terms of the zero sequence components of the converter voltages and currents, and the common
mode equivalent circuit of the input filter. The output stage (to the right of midpoint m) considers only the elements that
affect the behavior of the ground current, i.e. the voltage at the neutral point N, with respect to the midpoint m of the
DC-link, and the ground connection of the load. When a grounded load is connected at the output terminals, the neutral
point output voltage vy, defines the potential of the midpoint m with respect to ground. For this reason the reference
output voltage u"y,, is set to zero for operation with a grounded load. As it can be observed in Fig. 2, the ground current
can be controlled by means of the voltage Upny- The output voltage uy,,, can be considered to be a disturbance in the
control loop. The reference for the voltage Uppy can be modified by the zero sequence current component i,,. This idea
corresponds to the cascaded control structure as shown in Fig. 2.

[0028] The control scheme provides the following advantages:

a) Independent control of each output phase,

b) Operation with any type of output voltage references (not limited to balanced three-phase voltages),
c¢) Operation with any type of load (balanced/unbalanced, linear/nonlinear, floating/grounded),

d) Prevention of ground circulating currents and inter-module circulating currents.

[0029] A control loop for the voltage in the output terminal N is introduced for:

e) Maximization of the output voltage range for floating loads,
f) Prevention of ground circulating currents for grounded loads.

[0030] The control of the zero sequence and circulating currents allows the safe operation of two or more AC sources.
[0031] The input side control can be implemented using different reference frames for the currents and voltages:

g) Control of the three-phases (abc),
h) Orthogonal coordinates («f30),
i) Rotating reference frame (dq0).

[0032] The example in Fig. 2 uses ap0 coordinates for the current control.

[0033] Fig.4shows a parallelconnection of two converters or AC sources. When two or more AC sources are connected
in parallel, the control scheme of each AC source remains the same at the input side, but a master-slave scheme can
be implemented for the output stages. This means that only one AC source performs the control of the output voltages
(master) and provides the current references for the other AC sources (slaves). Fig. 4 shows the output voltage and
current references being passed from the master module M to the slave module S.

[0034] Fig. 5-6 show simulated trajectories of voltages and currents for unbalanced loads and unbalanced voltages.
The star point of the three-phase load is connected to N. In each figure, the trajectories are, from top to bottom,

+ the output voltages with reference to the neutral point (U, Ugns Uen)
+ the output voltages with reference to the midpoint (Uan, Ugms Yem Unm)
* the output currents (ip, ig, ic, iy)

[0035] Fig. 5 shows an unbalanced load. The unbalanced load presents a 200% higher resistance in phase C. Fig 6
shows a nonlinear load with unbalanced voltages (a diode bridge rectifier). Furthermore, each phase is controlled to
work as an independent source: phase A with a 50Hz sinusoidal reference, phase B with a 100Hz sinusoidal reference
and phase C as a DC source.

[0036] Fig. 7-8 show the effect of ground current control: in both cases, the converter operates with balanced three-
phase output voltages and unbalanced load. The unbalanced load presents a 200% higher resistance in phase C. In
each figure, the trajectories are, from top to bottom,

* input currents (iy, iy, ic)
* ground current (ignd)
*  midpoint voltage (U, pg)

Fig. 7 shows the trajectories without ground current control.
Fig. 8 shows the trajectories with ground current control.
[0037] While the invention has been described in present embodiments, it is distinctly understood that the invention
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is not limited thereto, but may be otherwise variously embodied and practised within the scope of the claims.
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Claims

A method for controlling a multiphase AC power converter, wherein the power converter comprises

« a multiphase primary stage for exchanging electrical energy between a multiphase voltage source and a DC
link (Cpc p» Cpe n);

« an input filter (Lym, 1, Cym 1) @rranged between the primary stage and input terminals (a, b, ¢) connecting the
power converter to the multiphase voltage source;

» a multiphase secondary stage for exchanging electrical energy between the DC link and phases of a multiphase
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load, this secondary stage comprising one bridge leg for each of the phases of the load and an additional bridge
leg for a neutral point (N) of the load;
» the input filter (Lyy, 1, Cam 1) cOMprising an input filter star point (y) connected to a midpoint (m) of the DC link
via a connection capacitance (Cmy);
wherein the method comprises the following steps for controlling a ground current (ignd) flowing into the power
converter:
« an outer controller controlling the ground current (ignd) to a reference value (i*gnd) by generating a reference
value (u*my) for a voltage across the connection capacitance (Cmy);
« an inner controller controlling the voltage (umy) across the connection capacitance (Cmy) to its reference value
(u*my) by generating a reference value (i*,) for a zero sequence current flowing through the connection capac-
itance (Cmy);
« a zero sequence current controller controlling the zero sequence current (i) to its reference value (i)

The method of claim 1, wherein the power converter comprises an output filter (Lpy 1, Cpu.1, Lpm 2> Com 2) arranged
between the secondary stage and output terminals (A, B, C) that connect the power converter to the load, including
the neutral point (N) of the load, and wherein a star point of the output filter is connected to the midpoint (m) of the
DC link; the method comprising the step of

» a feedforward circuit adding a potential (Up,,) of the secondary stage neutral point to the reference value
generated by the outer controller before inputting it as a reference value (u*my) to the inner controller.

The method of claim 1 or claim 2, wherein the voltage source is a three phase system and the load comprises three
phase connections and one neutral point connection (N) to the secondary stage of the power converter.

A multiphase AC power converter, wherein the power converter comprises

« a multiphase primary stage for exchanging electrical energy between a multiphase voltage source and a DC
link (Cpc p» Cpe n);

« an input filter (Lyy, 1, Cym 1) arranged between the primary stage and input terminals connecting the power
converter to the multiphase voltage source;

« a multiphase secondary stage for exchanging electrical energy between the DC link (CDC‘p, Cpc n) and phases
of a multiphase load, this secondary stage comprising one bridge leg for each of the phases of the load and an
additional bridge leg for a neutral point (N) of the load;

* the input filter (Lyp, 1, Cym 1) cOMprising an input filter star point(y);

« an output filter arranged between the secondary stage and output terminals that connect the power converter
to the load, and

» wherein a star point of the output filter is connected to the midpoint (m) of the DC link,

characterised in that the input filter star point (y) is connected to the midpoint (m) of the DC link via a connection
capacitance (Cmy) and in that the multiphase AC power converter further comprises a controller for controlling
ground loop currents, wherein the controller comprises the following units implemented in hard- and/or software for
controlling a ground current (ignd) flowing into the power converter:
 an outer controller arranged to control the ground current (ignd) to a reference value (i*gnd) by generating a
reference value (u*my) for a voltage across the connection capacitance (Cmy);
= aninner controller arranged to control the voltage (umy) across the connection capacitance (Cmy) toits reference
value (u*my) by generating a reference value (i',5) for a zero sequence current flowing into the connection
capacitance (Cmy);
- azero sequence currentcontroller arranged to control the zero sequence current (i) to its reference value (i*,).

The multiphase AC power converter of claim 4, wherein the output filter, including filter elements for the neutral
point, is a symmetric filter.

The multiphase AC power converter of claim 4, comprising a controller for the potential (Up,,,) at the neutral point
of the secondary stage that maximises the voltage range for the other three output phases.
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7. The multiphase AC power converter of claim 4 or 6, comprising a feedforward circuit arranged to add a potential

(Unm) of the neutral point of the secondary stage to the reference value generated by the outer controller before
inputting it as a reference value (u*my) to the inner controller.

Patentanspriiche

1.

Verfahren zum Regeln eines mehrphasigen Wechselstrom-Leistungswandlers, wobei der Leistungswandler Fol-
gendes umfasst:

« eine mehrphasige Primarstufe zum Austauschen von elektrischer Energie zwischen einer mehrphasigen Span-
nungsquelle und einem Gleichspannungszwischenkreis (CDC‘p, Coen)s

+ ein Eingangsfilter (L, 1, Cym 1), das zwischen der Primérstufe und Eingangsanschlussen (a, b, c), die den
Leistungswandler mit der mehrphasigen Spannungsquelle verbinden, angeordnet ist;

« eine mehrphasige Sekundarstufe zum Austauschen von elektrischer Energie zwischen dem Gleichspannungs-
zwischenkreis und Phasen einer mehrphasigen Last, wobei diese Sekundarstufe einen Briickenabschnitt fir
jede der Phasen der Last und einen zusatzlichen Briickenabschnitt fir einen Neutralpunkt (N) der Last umfasst;
« das Eingangsfilter (Lyp, 1, Cyn 1), das einen Eingangsfiltersternpunkt (y), der Uber eine Verbindungskapazitat
(Cmy) mit einem Mittelpunkt (m) des Gleichspannungszwischenkreises verbunden ist, umfasst;

wobei das Verfahren die folgenden Schritte zum Regeln eines in den Leistungswandler flieRenden Massestroms
(igng) umfasst:

» eine ulRere Regelung, die den Massestrom (ignd) aufeinem Referenzwert (i*gnd) regelt, indem ein Referenzwert
(u*my) fur eine Spannung Uber die Verbindungskapazitat (Cmy) erzeugt wird;

« eine innere Regelung, die die Spannung (umy) Uiber die Verbindungskapazitat (Cmy) auf ihren Referenzwert
(u*my) regelt, indem ein Referenzwert (I*,,) fiir einen durch die Verbindungskapazitat (Cmy) flieRenden Nullse-
guenzstrom erzeugt wird;

- eine Nullsequenzstromregelung, die den Nullsequenzstrom (i) auf seinen Referenzwert (i",) regelt.

2. Verfahren nach Anspruch 1, wobei der Leistungswandler ein Ausgangsfilter (Lpy 1, Cpm 1> Lpm,2» Com,2) Umfasst,

3.

das zwischen der Sekundarstufe und Ausgangsanschlissen (A, B, C), die den Leistungswandler mit der Last ein-
schlieBlich des Neutralpunkts (N) der Last verbinden, angeordnet ist, und wobei ein Sternpunkt des Ausgangsfilters
mit dem Mittelpunkt (m) des Gleichspannungszwischenkreises verbunden ist; wobei das Verfahren den folgenden
Schritt umfasst:

» eine Vorwértskopplungsschaltung, die ein Potential (U,,,,) des Sekundérstufen-Neutralpunkts zum Referenz-
wert, der durch die auRere Regelung erzeugt wird, hinzufligt, bevor sie es als einen Referenzwert (u*my) in die
innere Regelung einflgt.

Verfahren nach Anspruch 1 oder Anspruch 2, wobei die Spannungsquelle ein Dreiphasensystem ist und die Last
Dreiphasenverbindungen und eine Neutralpunktverbindung (N) zur Sekundérstufe des Leistungswandlers umfasst.

4. Mehrphasiger Wechselstrom-Leistungswandler, wobei der Leistungswandler Folgendes umfasst:

« eine mehrphasige Primarstufe zum Austauschen von elektrischer Energie zwischen einer mehrphasigen Span-
nungsquelle und einem Gleichspannungszwischenkreis (CDC,p, Coen)i

» ein Eingangsfilter (Lyp, 1, Cym 1), das zwischen der Primérstufe und Eingangsanschlilssen, die den Leistungs-
wandler mit der mehrphasigen Spannungsquelle verbinden, angeordnet ist;

« eine mehrphasige Sekundarstufe zum Austauschen von elektrischer Energie zwischen dem Gleichspannungs-
zwischenkreis (Cpc ,, Cpg ) Und Phasen einer mehrphasigen Last, wobei diese Sekundarstufe einen Briicken-
abschnitt fir jede der Phasen der Last und einen zusatzlichen Briickenabschnitt fir einen Neutralpunkt (N) der
Last umfasst;

« das Eingangsfilter (Lyy, 4, Cym 1), das einen Eingangsfiltersternpunkt (y) umfasst;

« ein Ausgangsfilter, das zwischen der Sekundarstufe und Ausgangsanschliissen, die den Leistungswandler
mit der Last verbinden, angeordnet ist und

» wobei ein Sternpunkt des Ausgangsfilters mit dem Mittelpunkt (m) des Gleichspannungszwischenkreises
verbunden ist,
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dadurch gekennzeichnet, dass der Eingangsfiltersternpunkt (y) lber eine Verbindungskapazitat (Cmy) mit dem
Mittelpunkt (m) des Gleichspannungszwischenkreises verbunden ist, und dass der mehrphasige Wechselstrom-
Leistungswandler ferner eine Regelung zum Regeln von Masseschleifenstrémen umfasst, wobei die Regelung die
folgenden Einheiten umfasst, die in Hard- und/oder Software zum Regeln eines in den Leistungswandler fliekenden
Massestroms (ig,,d) implementiert sind:

« eine auRere Regelung, die zum Regeln des Massestroms (ignd) auf einen Referenzwert (i*gnd) angeordnet ist,
indem ein Referenzwert (u'my) fur eine Spannung Uber die Verbindungskapazitat (Cmy) erzeugt wird;
« eine innere Regelung, die zum Regeln der Spannung (umy) Uber die Verbindungskapazitat (Cmy) auf ihren
Referenzwert (u*my) angeordnet ist, indem ein Referenzwert (i*,) fir einen in die Verbindungskapazitat (Cmy)
flieRenden Nullsequenzstrom erzeugt wird;

- eine Nullsequenzstromregelung, die zum Regeln des Nullsequenzstroms (i) auf seinen Referenzwert (i",)

angeordnet ist.

Mehrphasiger Wechselstrom-Leistungswandler nach Anspruch 4, wobei das Ausgangsfilter, einschlieRlich von Fil-
terelementen fiir den Neutralpunkt, ein symmetrisches Filter ist.

Mehrphasiger Wechselstrom-Leistungswandler nach Anspruch 4, der eine Regelung fir das Potential (Uy,,) am
Neutralpunkt der Sekundarstufe umfasst, die den Spannungsbereich fiir die anderen drei Ausgangsphasen maxi-
miert.

Mehrphasiger Wechselstrom-Leistungswandler nach Anspruch 4 oder 6, der eine Vorsteuerung umfasst, die ange-
ordnet ist, ein Potential (Uy;,,) des Neutralpunkts der Sekundarstufe zum Referenzwert, der durch die dultere Re-

gelung erzeugt wird, hinzuzufligen, bevor sie es als einen Referenzwert (u*my) in die innere Regelung einflgt.

Revendications

Procédé pour réguler un convertisseur de puissance de courant alternatif multiphase, dans lequel le convertisseur
de puissance comprend :

* un étage primaire multiphase pour échanger de 'énergie électrique entre une source de tension multiphase
et une liaison continue (Cpc 5, Cpe );

* un filtre d'entrée (Lyy, 1, Cqm 1) disposé entre I'étage primaire et des bornes d’entrée (a, b, c) raccordant le
convertisseur de puissance a la source de tension multiphase ;

* un étage secondaire multiphase pour échanger de I'énergie électrique entre la liaison continue et des phases
d’une charge multiphase, cet étage secondaire comprenant une jambe de pont pour chaque phase de la charge
et une jambe de pont supplémentaire pour un point neutre (N) de la charge ;

« lefiltre d'entrée (Lyp, 1, Cgm 1) COMprenant un point étoile de filtre d'entrée (y) raccordé a un point intermédiaire
(m) de la liaison continue par le biais d’'une capacité de connexion (Cmy) ;

dans lequel le procédé comprend les étapes suivantes consistant a réguler un courant a la terre (ignd) circulantdans
le convertisseur de puissance :

« un dispositif de régulation externe régulant le courant a la terre (ignd) a une valeur de référence (f'g,,d) en
générant une valeur de référence (u*my) pour une tension a travers la capacité de connexion (Cmy) ;

« un dispositif de régulation interne régulant la tension (umy) atravers la capacité de connexion (Cmy) asavaleur
de référence (u*my) en générant une valeur de référence (/") pour un courant de séquence nulle circulant &
travers la capacité de connexion (Cmy) ;

» un dispositif de régulation de courant de séquence nulle régulant le courant de séquence nulle (i,) & sa valeur
de référence (i',).

Procédé selon la revendication 1, dans lequel le convertisseur de puissance comprend un filtre de sortie (Lpy 1,
Cowm. 1> Lom 2: Cpwm 2) disposé entre I'étage secondaire et des bornes de sortie (A, B, C) quiraccordent le convertisseur
de puissance a la charge, comprenant le point neutre (N) de la charge et dans lequel un point étoile du filtre de
sortie est raccordé au point intermédiaire (m) de la liaison continue ; le procédé comprenant I'étape suivants :

+ un circuit d’action directe ajoutant un potentiel (Uy,,) du point neutre de I'étage secondaire & la valeur de
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référence générée par le dispositif de régulation externe avant de I'entrer comme valeur de référence (u*my)
dans le dispositif de régulation interne.

Procédé selon la revendication 1 ou la revendication 2, dans lequel la source de tension est un systéme triphasé
et la charge comprend trois connexions de phase et une connexion de point neutre (N) a I'étage secondaire du
convertisseur de puissance.

Convertisseur de puissance de courant alternatif multiphase, dans lequel le convertisseur de puissance
comprend :

* un étage primaire multiphase pour échanger de 'énergie électrique entre une source de tension multiphase
et une liaison continue (Cpc ,, Cpc ) ;

* unfiltre d’entrée (Lyy, 1, Cypy, 1) disposé entre I'étage primaire et des bornes d’entrée raccordant le convertisseur
de puissance a la source de tension multiphase ;

* un étage secondaire multiphase pour échanger de I'énergie électrique entre la liaison continue (CDC‘p, Cocp)
et des phases d'une charge multiphase, cet étage secondaire comprenant une jambe de pont pour chague
phase de la charge et une jambe de pont supplémentaire pour un point neutre (N) de la charge ;

* le filtre d’entrée (Lyp, 1, Cym 1) COMprenant un point étoile de filtre d'entrée (y) ;

« un filtre de sortie disposé entre I'étage secondaire et des bornes de sortie qui raccordent le convertisseur de
puissance a la charge, et

« dans lequel un point étoile du filtre de sortie est raccordé au point intermédiaire (m) de la liaison continue,

« caractérisé en ce que le point étoile de filtre d’entrée (y) est raccordé au point intermédiaire (m) de la liaison
continue par le biais d’'une capacité de connexion (Cmy) et en ce que le convertisseur de puissance de courant
alternatif multiphase comprend en outre un dispositif de régulation pour réguler des courants de boucle a la
terre, dans lequel le dispositif de régulation comprend les unités suivantes mises en oeuvre dans un matériel
et/ou un logiciel pour réguler un courant a la terre (ig,,d) circulant dans le convertisseur de puissance :

* un dispositif de régulation externe congu pour réguler le courant a la terre (ig,,d) a une valeur de référence
(i gnd) engénérant une valeur de référence (u my) pourunetension atravers la capacité de connexion (Cmy) ;
* un dispositif de régulation interne congu pour réguler la tension (umy) a travers la capacité de connexion
(Cmy) asavaleurderéférence (u*my) engénérant une valeur de référence (i" ;) pour un courant de séquence
nulle circulant a travers la capacité de connexion (Cmy) ;

* un dispositif de régulation de courant de séquence nulle concu pour réguler le courant de séquence nulle
(i) & sa valeur de référence (I,).

Convertisseur de puissance de courant alternatif multiphase selon la revendication 4, dans lequel le filtre de sortie,
comprenant des éléments filtrants pour le point neutre, est un filtre symétrique.

Convertisseur de puissance de courant alternatif multiphase selon la revendication 4, comprenant un dispositif de
régulation pour le potentiel (Uy,,) au point neutre de 'étage secondaire qui maximise la plage de tension pour les
trois autres phases de sortie.

Convertisseur de puissance de courant alternatif multiphase selon la revendication 4 ou 6, comprenant un circuit
d'action directe congu pour ajouter un potentiel (Up,,,) du point neutre de I'étage secondaire ala valeur de référence
générée par le dispositif de régulation externe avant de I'entrer comme valeur de référence (u*my) dans le dispositif
de régulation interne.
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