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Description

[0001] The present invention relates to a system for
improving quality of electrical energy. This system allows
to reduce energy losses in power electronic systems that
have been used so far for improving quality of electrical
energy and for providing proper voltage parameters.
These are compensator systems of different kinds, such
as active parallel compensators (APC) also referred to
as active power filters (APF), dynamic voltage restorers
(DVR), unified power quality conditioners (UPQC) appli-
cable in industrial power electronic systems and wher-
ever high quality energy is required.

[0002] From CN102097793 a power quality condition-
ing device fora power distribution system is known, which
comprises current limiting inductors, transformers and
connecting inductors. Under the conditions of linear and
nonlinear loads, the device uses voltage and current
sources connected to the circuit in series and in parallel.
The current limiting inductors are connected in parallel
with switches for switching different running modes of
the device. The device comprises a fault current limiter,
a dynamic voltage restorer and an active power filter.
The device limits a short circuit current, compensates
voltage sag by the series-wound current converter. When
operated as the failure current limiter, the device does
not consume active power and has the advantage of sav-
ing energy. The device satisfies the needs of different
loads in power supply voltages, effectively prevents the
nonlinear load from polluting the system and reduce the
short circuit current. This prior art is reflected by the pre-
amble of the appended claim.

[0003] Knowncompensatorshavingthe purpose ofim-
proving quality of electrical energy are connected to a
power network via LCL or LCLR circuits which limit pass-
ing of high-frequency harmonic currents and voltages to
this network that are associated with the pulse width mod-
ulation used in inverters of these compensators while
providing a low attenuation of harmonic currents and volt-
ages within the compensated range. A resonant frequen-
cy of these circuits should be therefore sufficiently high
to ensure the required pass band corresponding to the
range of compensated harmonic currents and voltages.
This requires the use of sufficiently high operating fre-
quency of a pulse modulation system of the inverters in
order to ensure the system stability or the provision of
attenuation of the resonance occurring in filters by means
of additional resistive elements for energy dissipation.
The last mentioned solution, despite the advantages of
a simpler control system of inverter systems, is reluctant-
ly used due to considerable energy losses in filter resis-
tive elements of these systems leading to considerable
efficiency reduction of the compensators.

[0004] A system according to the invention is defined
inthe appended claim. Itis composed of an active parallel
compensator system comprising a coupling filter in each
phase conductor and a AC/DC power electronic convert-
er, and/or of a dynamic voltage restorer system compris-
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ingin each phase conductor a transformerand a coupling
filter and AC/DC power electronic converters. The sys-
tem also comprises an energy storage in the form of a
storage capacitor included at DC terminals of said power
electronic converters.

[0005] Theessence ofthesolutionisthatineachphase
conductor in the LCLR type coupling filers of the active
parallel compensator system, aswell as in the LCLR cou-
pling filters of the dynamic voltage restorer system each
of resistors is replaced by an energy recovery system.
Each of these energy recovery systems is composed of
a half-bridge switch system, connected by means of a
choke and a voltage and current measurement block to
the coupling filter in place of a replaced resistor. Signal
conductors of each voltage and current measurement
block are connected to the switches in each energy re-
covery system respectively.

[0006] Moreover, in the active parallel compensator
circuit, two capacitors connected in series are coupled
to the two remaining outputs of each of the power elec-
tronic switches so as to form an intermediate energy stor-
age, which by means of a power electronic converter,
with an input circuit being galvanically isolated from a
DC/DC output circuit, is connected to terminals of a stor-
age capacitor. In the active parallel compensator circuit,
a common point of the capacitors that form intermediate
energy storages is connected to a neutral conductor of
apower network and by means of the voltage and current
measurement blocks to one of the outputs of each cou-
pling filter.

[0007] Whereas, separately for each phase, two ca-
pacitors connected in series are coupled to the two re-
maining outputs of each of the power electronic switches
present in the dynamic voltage restorer system circuit so
as to form intermediate energy storages. These capaci-
tors by means of individual power electronic converters,
with an input circuit being galvanically isolated from a
DC/DC output circuit, are connected to the storage ca-
pacitor. In the dynamic voltage restorer system circuit,
for each phase respectively, a common point of the ca-
pacitors that form intermediate energy storages, is con-
nected by means of the voltage and current measure-
ment block to one of the outputs of the coupling filter.
[0008] The advantage of the system, according to the
solution presented herein and allowing to achieve reso-
nance attenuation in coupling circuits of active parallel
compensators and dynamic voltage restorer systems, is
the simplification of a control system of these systems
while significantly reducing energy losses due to a pos-
sibility of recovering electrical energy used to performing
the attenuation process. This solution provides a high
output current dynamics and effective resonance atten-
uation in coupling circuits.

[0009] The subject of the invention is illustrated in a
drawing in the form of a system block diagram.

[0010] A systemiscomposed of anactive parallel com-
pensator system (APC) comprising a power electronic
converter 6 connected to a power network 1 or a load 2
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by means of LCLR coupling filters 3, 4, 5 and of a dynamic
voltage restorer system (DVR) comprising power elec-
tronic converters 10, 11, 12 connected to the power net-
work 1 or the load 2 by means of coupling filters LCLR
7, 8, 9, respectively, and transformers Tr1, Tr2, Tr3, re-
spectively. These systems have a common DC circuitin
which a storage capacitor C1 acts as an energy storage.
In each of the LCLR type filters, by means of which these
systems are connected to the power network or to the
load, aresistoris replaced by an energy recovery system.
An effect of this energy recovery systemin the filter circuit
is similar to a load realised by a resistor, but the energy
resulting from functioning of this system is not lost in the
form of heat, as in a conventional resistor, but after being
reduced by energy losses due to the processing, it is
transferred to the energy storage, i.e., the storage ca-
pacitor C1.

[0011] Theenergy recovery system connectedinplace
of a replaced resistor in the LCLR type coupling filers 3,
4, 5 of the active parallel compensator is composed of
half-bridge power electronic switches 16, 17, 18, each of
which is connected by means of chokes D1, D2, D3 and
current and voltage measurement blocks 13, 14, 15, re-
spectively, to outputs of the filters 3, 4, 5 in place of re-
placed resistors. Measurement signals from the current
and voltage measurement blocks 13, 14, 15 are trans-
mitted respectively to control blocks 19, 20, 21 of the
power electronic switches 16, 17, 18, respectively. These
switches are controlled in such a way that the mean value
of input current for the pulse repetition period of each of
the switches is proportional to the mean value of voltage
in place of a replaced resistor, in a given pulse repetition
period of each of the switches such as to meet the con-
dition of the product of this current value, for the pulse
repetition period of each of the switches, and of the re-
quired resistance setpoint value equal to the resistance
of the replaced resistor, being equal to the mean value
of input voltage, for the pulse repetition period of each of
the switches. A pulse repetition period of the power elec-
tronic switches 16, 17, 18 is set such as to be many times
smaller than a period of the highest significant harmonic
component in the output voltage curve present in place
of a replaced resistor. Energy drawn from the circuits of
the coupling filters 3, 4, 5 in the pulse controlling process
of the power electronic switches 16, 17, 18 is transferred
to capacitors C2, C3 connected in series and acting as
an intermediate energy storage, wherefrom via a power
electronic converter 22 it is returned to the storage ca-
pacitor C1, acting as an energy storage of the overall
system for improving quality of electrical energy. The
power electronic converter 22 is a DC/DC converter
which transfers energy from the capacitors C2, C3 acting
as intermediate energy storages in the circuit to the main
energy storage, i.e. the storage capacitor C1, while pro-
viding galvanic isolation between mentioned circuits. A
common point of the capacitors C2, C3 is connected to
a neutral conductor N of the power network and by means
of the voltage and current measurement blocks 13, 14,
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15 to one of the outputs of the coupling filters 4, 5, 6.
[0012] Similarly to the active parallel compensator sys-
tem, in the second part of the system forimproving quality
of electrical energy comprising the dynamic voltage re-
storer system, energy recovery systems are connected
in place of a replaced resistor in the LCLR type coupling
filers 7, 8, 9 and are composed of half-bridge power elec-
tronic switches 26, 27, 28, each of which is connected
by means of chokes D4, D5, D6 and current and voltage
measurement blocks 23, 24, 25, respectively, to outputs
of the filters 7, 8, 9 in place of replaced resistors. Meas-
urement signals from the current and voltage measure-
ment blocks 23, 24, 25 are respectively connected to
control blocks 29, 30, 31 of power electronic switches
26, 27, 28, respectively. These switches are controlled
in such a way that the mean value of input current for the
pulse repetition period of each of the switches is propor-
tional to the mean value of voltage in place of a replaced
resistor, in a given pulse repetition period of each of the
switches such as to meet the condition of the product of
this current value, for the pulse repetition period of each
of the switches, and of the required resistance setpoint
value equal to the resistance of the replaced resistor,
being equal to the mean value of input voltage, for the
pulse repetition period of each of the switches. A pulse
repetition period of the power electronic switches 26, 27,
28 is set such as to be many times smaller than a period
of the highest significant harmonic component in the out-
put voltage curve present in place of a replaced resistor.
[0013] Energy drawn from the circuit of the coupling
filter 7 in the pulse controlling process of power electronic
switches 26 is transferred to capacitors C4, C5 connect-
ed in series and acting as an intermediate energy stor-
age, wherefrom via a power electronic converter 32,
DC/DC, itis returned to the storage capacitor C1, acting
as an energy storage of the overall system for improving
quality of electrical energy. A common point of the ca-
pacitors C4, C5 is connected to one of the outputs of the
coupling filter 7 by means of the voltage and current
measurement block 23.

[0014] Energy drawn from the circuit of the coupling
filter 8 in the pulse controlling process of power electronic
switches 27 is transferred to capacitors C6, C7 connect-
ed in series and acting as an intermediate energy stor-
age, wherefrom via a power electronic converter 33,
DC/DC, itis returned to the storage capacitor C1, acting
as an energy storage of the overall system for improving
quality of electrical energy. A common point of the ca-
pacitors C6, C7 is connected to one of the outputs of the
coupling filter 8 by means of the voltage and current
measurement block 24,

[0015] Energy drawn from the circuit of the coupling
filter 9 in the pulse controlling process of power electronic
switches 28 is transferred to capacitors C8, C9 connect-
ed in series and acting as an intermediate energy stor-
age, wherefrom via a power electronic converter 34,
DC/DC, itis returned to the storage capacitor C1, acting
as an energy storage of the overall system for improving
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quality of electrical energy. A common point of the ca-
pacitors C8, C9 is connected to one of the outputs of the
coupling filter 9 by means of the voltage and current
measurement block 25.

[0016] In the presented systems, known systems (not
illustrated in the drawing) for precharging the capacitors
C2 - C9 to the voltage level present on them during a
normal system operation have been used, ensuring the
correct system operation during start-up when voltages
on these capacitors are equal to zero.

[0017] Inthe presented exemplary solution, the system
was used for resonance attenuation in the coupling circuit
filters 3, 4, 5, 7, 8, 9 of the active parallel compensator
APC and of the dynamic voltage restorer system DVR
with voltage source inverters VSI connected to a supply
network by means of coupling circuits requiring the use
of a 7.5 Ohm resistor in each filter branch. To the outputs
of the power electronic switches 16, 17, 18, 26, 27, 28
electrolytic capacitors C2 - C9, each having a capaci-
tance of 800 pF for a voltage of 400 V, and chokes D1 -
D6 having an inductance of 900 wH have been connect-
ed. As power electronic switches C2M0160120D tran-
sistors have been used which were keyed by control
blocks 16, 17, 18, 26, 27, 28 with a frequency of 64 kHz.
An energy transfer from the capacitors C2 - C9 to the
capacitor C1 has been effected by means of DC/DC pow-
er electronic converters with a galvanic isolation from a
voltage level of 270 V to a voltage level of 800 V.

List of reference numerals

[0018]

1,2 power network or load

3,4,5 coupling filters of the active parallel com-
pensator

6 power electronic converter of AC/DC type

7,8,9 coupling filters of the dynamic voltage re-
storer system

10, 11,12 power electronic converters of AC/DC type

C1 storage capacitor

in an energy recovery circuit of the active parallel

compensator

13,14,15 current and voltage measurement
blocks

16, 17, 18, power electronic switches

19,20,21 control blocks

D1, D2, D3  chokes

C2,C3 capacitors that form an intermediate
energy storage

22 power electronic converter with an in-
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put circuit being galvanically isolated
from a DC/DC output circuit

in an energy recovery circuitdynamic voltage restor-

er
23, 24,25 current and voltage measurement
blocks
26, 27, 28, power electronic switches
29, 30, 31 control blocks
D4, D5, D6 chokes
C4-C9 capacitors that form intermediate
energy storages
32, 33, 34 power electronic converters with an
input circuit being galvanically iso-
lated from a DC/DC output circuit
Tr1, Tr2, Tr3  transformers
Claims

1. system for improving quality of electrical energy
composed of an active parallel compensator system
comprising a LCLR coupling filter (3, 4, 5) in each
phase conductor and an AC/DC power electronic
converter (6), and of a dynamic voltage restorer sys-
tem comprising in each phase conductor a trans-
former (Tr1, Tr2, Tr3) and a LCLR coupling filter (7,
8, 9) and AC/DC power electronic converters (10,
11, 12), as well as an energy storage in the form of
a storage capacitor (C1) included at DC terminals of
said power electronic converters (6; 10, 11, 12),
characterised in that in each phase conductor (L1,
L2, L3) in the LCLR type coupling filters (3, 4, 5) of
the active parallel compensator system and the
LCLR type coupling filters (7, 8, 9) of the dynamic
voltage restorer system, each ofresistorsisreplaced
by an energy recovery system, wherein each of
these energy recovery systems is composed of a
half-bridge system of power electronic switches (16,
17, 18; 26, 27, 28) connected by means of a choke
(D1, D2, D3; D4, D5, D6) and a voltage and current
measurement block (13, 14, 15; 23, 24, 25) to the
coupling filter (3, 4, 5; 7, 8, 9) in place of a replaced
resistorand signal conductors of the voltage and cur-
rent measurement block (13, 14, 15; 23, 24, 25) are
connected to the power electronic switch (16, 17, 18;
26, 27, 28) in each energy recovery system respec-
tively; moreover, in the active parallel compensator
system, capacitors (C2, C3) connected in series are
coupled to the two remaining outputs of each of the
power electronic switches (16, 17, 18) so as to form
an intermediate energy storage, wherein the latter,
by means of a power electronic converter (22), with
an input circuit being galvanically isolated from a
DC/DC output circuit, is connected to terminals of
the storage capacitor (C1), and a common point of
the capacitors (C2, C3) is connected to a neutral
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conductor (N) of a power network and by means of
the voltage and current measurement blocks (13,
14, 15) to one of the outputs of the coupling filters
(3, 4, 5), wherein in the dynamic voltage restorer
system circuit, separately for each phase, capacitors
connected in series (C4, C5; C6, C7; C8, C9) are
coupled to the two remaining outputs of each of the
power electronic switches (26, 27, 28) so as to form
intermediate energy storage elements which by
means of individual power electronic converters (32,
33, 34), with an input circuit being galvanically iso-
lated from a DC/DC output circuit, are connected to
the storage capacitor (C1), and wherein a common
point of the capacitors (C4, C5; C6, C7; C8, C9), for
each phase respectively, is connected by means of
the voltage and current measurement block (23, 24,
25) to one of the outputs of the coupling filter (7, 8, 9).

Patentanspriiche

1.

System zur Verbesserung der Qualitat elektrischer
Energie bestehend aus einem aktiven Parallelkom-
pensatorsystem mit einem LCLR-Kopplungsfilter (3,
4, 5) in jedem Phasenleiter und einem leistungse-
lektronischen AC/DC-Wandler (6) und einem dyna-
mischen Spannungswiederherstellungssystem be-
stehend in jedem Phasenleiter aus einem Transfor-
mator (Tr1, Tr2, Tr3) und einem LCLR-Koppelfilter
(7, 8,9)und AC/DC-Leistungselektronischen Wand-
lern (10, 11, 12) sowie einem Energiespeicher in der
Form von einem an DC-Anschliissen der leistungs-
elektronischen Wandler (6; 10, 11, 12) enthaltenen
Speicherkondensators (C1), dadurch gekenn-
zeichnet, dass in jedem Phasenleiter (L1, L2, L3)
in den LCLR-Kopplungsfiltern (3, 4 , 5) des aktiven
Parallelkompensatorsystems und in den LCLR-
Kopplungsfiltern (7, 8, 9) des dynamischen Span-
nungswiederherstellungssystems, jeder der Wider-
stédnde durch ein Energieriickgewinnungssystem er-
setzt ist, wobei jedes dieser Energierickgewin-
nungssysteme aus ein Halbbriickensystem aus leis-
tungselektronischen Schaltern (16, 17, 18; 26, 27,
28), die mittels einer Drossel (D1, D2, D3; D4, D5,
D6) und einem Spannungs- und Strommessblock
(13, 14, 15; 23, 24, 25) an das Koppelfilter (3, 4, 5;
7, 8, 9) verbunden sind, zusammengesetzt ist, und
anstelle eines getauschten Widerstandes und Sig-
nalleiter des Spannungs-und Strommessblocks (13,
14, 15; 23, 24, 25) jeweils mit dem leistungselektro-
nischen Schalter (16, 17, 18; 26, 27, 28) in jedem
Energieriickgewinnungssystem verbunden sind; au-
Rerdem sind bei dem aktiven Parallelkompensator-
system in Reihe geschaltete Kondensatoren (C2,
C3) mit den beiden ubrigen Ausgangen von jedem
derleistungselektronischen Schalter (16, 17, 18) ge-
koppelt, um einen Energiezwischenspeicher zu bil-
den, wobei der letztere mittels eines leistungselekt-
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ronischen Wandlers (22) mit einem von einem
DC/DC-Ausgangskreis galvanisch getrennten Ein-
gangskreis mit Anschlissen des Speicherkonden-
sators (C1) verbunden ist und ein gemeinsamer
Punkt der Kondensatoren (C2, C3) mit einem Neu-
tralleiter (N) eines Stromnetzes und uber die Span-
nungs- und Strommessblécke (13, 14, 15) miteinem
der Ausgange der Koppelfilter (3, 4, 5) verbunden
ist, wobeiin der dynamischen Spannungswiederher-
stellersystemschaltung, getrennt fur jede Phase, in
Reihe geschaltete Kondensatoren (C4, C5; C6, C7;
C8, C9) mitden zwei verbleibenden Ausgangen von
jedem der leistungselektronischen Schalter (26, 27,
28) gekoppelt sind um Energiezwischenspeichere-
lemente zu bilden, die mittels einzelner leistungse-
lektronischen Wandler (32, 33, 34), wobei ein Ein-
gangskreis von einem DC/DC-Ausgangskreis galva-
nisch getrennt ist, mit dem Speicherkondensator
(C1) verbunden sind, und wobei ein gemeinsamer
Punkt der Kondensatoren (C4, C5; C6, C7; C8, C9)
jeweils fur jede Phase mittels des Spannungs- und
Strommessblocks (23, 24, 25) mit einem der Aus-
gange des Koppelfilters (7, 8, 9) verbunden ist.

Revendications

Systéme pour amélioration de la qualité de I'énergie
électrique composé d’un systéme compensateur pa-
ralléle actif comprenant un filtre de couplage LCLR
(3, 4, 5) dans chaque conducteur de phase et un
convertisseur électronique de puissance AC/DC (6),
et d'un systéme dynamique de restauration de ten-
sion comprenant dans chaque conducteur de phase
un transformateur (Tr1, Tr2, Tr3) et un filtre de cou-
plage LCLR (7, 8, 9) et des convertisseurs électro-
niques de puissance AC/DC (10, 11, 12), ainsiqu’un
réservoir d’énergie sous la forme d'un condensateur
de stockage (C1)inclusauxbornes acourantcontinu
desdits convertisseurs électroniques de puissance
(6; 10, 11, 12), caractérisé en ce que dans chaque
conducteur de phase (L1, L2, L3) dans les filtres de
couplage de type LCLR (3, 4, 5) du systéme de com-
pensation paralléle actif et des filtres de couplage
de type LCLR (7, 8, 9) du systéeme dynamique de
restauration de tension, chacune des résistances est
remplacée par un systéme de récupération d’'éner-
gie, dans lequel chacun de ces systémes de récu-
pération d’énergie étant composé d’un systéme en
demi-pont de commutateurs électroniques de puis-
sance (16, 17, 18; 26, 27, 28) conectés au moyen
d’'une self (D1, D2, D3 ; D4, D5, D6) et un bloc de
mesure une tension et un courant (13, 14, 15; 23,
24, 25) au filtre de couplage (3, 4, 5,7, 8, 9) a la
place d'une résistance remplacée et des conduc-
teurs de signaux du bloc de mesure de tension etde
courant (13, 14, 15; 23, 24, 25) sont connectés au
commutateur électronique de puissance (16, 17, 18;
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26, 27, 28) respectivement dans chaque systéme de
récupération d’énergie; de plus, dans le systéme
compensateur paralléle actif, des condensateurs
(C2, C3) connectés en série sont couplés aux deux
sorties restantes de chacun des commutateurs élec-
troniques de puissance (16, 17, 18) de maniére a
former un reservoir intermédiaire d’énergie, dans le-
quel ce dernier, au moyen d’'un convertisseur élec-
tronique de puissance (22), avec une circuit d’entre
étant isolé galvaniquement d'un circuit de sortie
DC/DC, est connecté a des bornes du condensateur
de stockage (C1), et un point commun des conden-
sateurs (C2, C3) est connecté a un conducteur neu-
tre (N) d'un réseau énergétique et au moyen des
blocs de mesure de tension et de courant (13, 14,
15) a 'une des sorties des filtres de couplage (3, 4,
5), danslequeldans le circuitdu systéme dynamique
de restauration de tension, séparément pour chaque
phase, des condensateurs connectés en série (C4,
C5; C6, C7; C8, C9) sont couplés aux deux sorties
restantes de chacun des commutateurs électroni-
ques de puissance (26, 27, 28) de maniére a former
des éléments intermédiaires de stockage d’énergie
qui, au moyen de individuels convertisseurs électro-
niques de puissance (32, 33, 34), avec un circuit
d’entrée étant isolé galvaniquement d’'un circuit de
sortie DC/DC, sont connectés au condensateur de
stockage (C1), et dans lequel un point commun des
condensateurs (C4, C5; C6, C7; C8, C9), respecti-
vement pour chaque phase, est connecté au moyen
du bloc de mesure de tension et de courant (23, 24,
25) a I'un des sorties du filtre de couplage (7, 8, 9).
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