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Purpose. The article aims to improve the control methods for multifunctional parallel active filters (PAFs) to
ensure rapid and precise compensation of inactive full-power components in three- and four-wire mixed power
systems, particularly for group power supply systems for drives with capacitive energy storage devices.

Methods. The paper proposes two methods for PAF control: the instantaneous power method (p-q theory) and the control
method in a synchronously rotating coordinate system based on the Park-Gorev transformations. Simulations were conducted
to compare the performance of PAFs using these control methods. The article evaluates the effectiveness of these control
methods in compensating inactive power components and minimizing reactive power in group power supply systems.

Results. The study found that controlling PAFs in a synchronously rotating x-y coordinate system simplifies
the selection and control of inactive power components, leading to faster and more accurate compensation. Including
zero sequence current in the compensation, reference currents allow PAFs to function in both three- and four-wire
systems without additional zero sequence current compensation devices. Simulation results demonstrated the PAF’s
effectiveness in compensating reactive power, harmonics (5th, 7th, and 49th), and inactive power components in
diode rectifiers and in load symmetry correction.

Originality. The study introduces an improved control method for multifunctional PAFs, particularly within
group power supply systems using capacitive energy storage. This approach provides a novel way to address
energy savings and improve power quality in systems with nonlinear and dynamic loads, reducing energy losses
and improving equipment lifespan.

Practicality. The results offer practical solutions for enhancing the efficiency of power supply systems in industrial
settings. Using PAFs with capacitive energy storage reduces energy exchange between motors and the grid, mitigating
losses in transformers, converters, and supply lines. Implementing this method improves energy management,
enhances equipment longevity, and ensures compliance with power quality standards.

Key words: Parallel active filter (PAF), capacitive energy storage, group power supply systems, power quality,
energy savings, control methods.

Kon6 AHapin, MopozoBIirop. CucteMu rpynoBoro XuBJfieHHsi NPpMBOAIB 3 EMHICHMMM HaKonuvyBavyamu,
obnagHaHi napanenbHUMU aKTUBHUMU pinbTpamu

Mema. Memoro cmammi € 800cKOHaneHHs1 Memodie KepysaHHs1 b6azamoyHKUiOHaIbHUMU napanenbHUMU
akmusHumu insmpamu (MNA®) dnsa 3abeaneqyeHHsT WEUIKOI ma MOYHOI KOMMEHcauii HeakmueHUX KOMIMOHEHMI8
MOBHOI MOMYXHOCMI 8 MPU- | HOMUPUNPOBIOHUX 3MiluaHUX cucmeMax ef1eKmpOoXUBIeHHs, 30Kkpema 01151 2pyrnosux
cucmeM XUsleHHs1 erekmporpueodie 3 EMHICHUMU HaKoruyysadamu eHepaii.

Memodu. Y cmammi 3anpornoHosaHo 08a Memodu kepysaHHs [TAD: Memod Mummesoi nomyxHocmi (p-q meo-
pisi) ma memo0 KepysaHHsI 8 cucmemi KoopOuHam, U0 CUHXPOHHO obepmaembcsi, Ha OCHO8I nepemeopeHs [ap-
ka-lopesa. posedeHo imimauiliHe MolOesoeaHHsI 0711 NOPiHSIHHS MpodykmueHocmi [TA® 3 guKopUCMaHHSIM UuX
memodig KepysaHHs. Y cmammi oyiHeHO eghekmusHiCmb yux memodie KkepysaHHs Or1s1 KOMeHcauii HeakmueHUX
cKnadHuKie momyxHocmi ma MiHiMi3auii peakmugHOI nomyXxHOCMi 8 2pyrnosux cucmemMax efeKkmponocmaqaHHs.

Pe3ynbmamu. [JocnidxeHHs1 nokasasno, wo KkepysaHHs [TA® y cucmemi koopOuHam x—y, WO CUHXPOHHO obep-
maemabcs, cripowye 8ubip i KOHMPOsIb HeaKMUBHUX KOMITOHEeHMI8 Momy»xHocmi, Wo npu3eodums 00 6inbw WeudKor
i mo4yHoi KomreHcauii. BKTro4YeHHs cmpyMy Hynb0eoi Mociido8HOCMI 8 ONOPHI cmpyMu KommneHcauii o3eonse [MAD
fpayreamu ik 8 mpu-, maK i 8 HomupurnposiOHux cucmemax 6e3 dodamkosux Mpucmpoie KomreHcauji cmpymy
Hyfb080I Moc1ido8HOCMI. Pe3ynbmamu MmodesntosaHHs1 MpodemoHcmpysanu echekmusHicmb [TA® 0nsi KomneHcauji
peakmueHoi MomyxHocmi, 2apMOHiIK (5-i, 7-i ma 49-i) ma HeakmueHux cknadHUKi8 nomyxHocmi 8 0ioOHUX 8UNPSIM-
1s49ax, a makox Orsi KopeKuii cumempii Ha8aHMaXXeHHS.
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HoeusHa. Y docnidxeHHi npedcmasneHo 800CKOHaneHuUl Memod KepysaHHs 6bazamoghyHKuioHambHUMu MNMA®,
30KpemMa 8 cucmemax 2pyrnogozo efiekmpornocmaqyaHHsI 3 BUKOPUCMaHHSM EMHICHUX Hakornudysadie eHepeii. Lled
nioxio 3abesneqye HogUl crocib po3s’si3aHHs NPobreMu eHepao3bepexeHHS ma MOKpalWeHHsI SKOCmi eflekmpo-
eHepeii 8 cucmemax 3 HefliHitHUMU ma QUHaMIYHUMU Hag8aHMaxXeHHsIMU, 3MEHWYy4Yu empamu eHepeii ma 306irb-

Wyro4u mepmiH criyx6u obrnadHaHHS.

UinHicmsb. Pesynbsmamu 0ocniOxeHHs MpOnOHyoMb npakmuyHi pilueHHs 0551 nidsuweHHs eghekmugHocmi cuc-
memM efiekmpornocmadyaHHs 8 MpomMucsiosux ymosax. 3aedsiku sukopucmaHHio [MAD® 3 eMHICHUM HaKkonu4ysa4yem
eHepeii cucmema 3MeHWye 0bMiH eHepaiero MixX 0gu2yHaMu ma MEPEXer, 3MEeHWYHYU empamu 8 mpaHcgop-
Mamopax, rnepemesoptogadax ma JiHisx enekmponepedad. BrnposadxeHHs Ub020 Memody NoKpawye yrnpaesniHHs
€Hep20CnoXUBaHHAM, 36irbuwye mepmiH criyx6u obradHaHHs ma 3abesnedye 8i0nogiOHicmb cmaHdapmam sKocmi

enekmpoeHepaii.

Knro4oei cnoea: napanensHull akmusHul ¢inbmp (MA®), emHicHul Hakonu4dysad eHepaii, 2pynosi cucmemu
e/leKmporiocmayaHHs, SiKicms eflekmpoeHepeaii, eHep2036epexeHHs, Memoou KepyeaHHS.

Actuality. Since electric drives consume up to
60% of the generated electric power, and the great-
est losses occur at the consumer, electric drives
have a huge reserve for saving electric power.
One perspective direction of saving energy using
industrial electric drive and normalizing traditional
indicators of electric power quality is the applica-
tion of group power supply systems of drives from
common DC buses with capacitive accumulators
and the application of parallel active filters (PAF)
[1]. In the system under consideration, the regen-
erative braking energy of one or a group of motors
is accumulated by a capacitive accumulator and,
bypassing the network, is transferred to the motor
mode drives. This eliminates the energy exchange
between the motors and the grid and thus elim-
inates additional losses in the transformer, input
converter, and supply lines. The stored energy is
also used for power quality management in mixed
power systems, where, in addition to DC busbars,
there are non-linear and asymmetrical consumers
with dynamic loads that significantly degrade con-
ventional power quality indicators.

In case of deviations of power quality indica-
tors exceeding the standardized standard values,
normal operation of electrical equipment is either
impossible at all or can be ensured at the cost of
load reduction, leading to technological disruption.

The presence of higher harmonics in asynchro-
nous drive systems causes vibrations and noise.
Also, it serves as an additional source of thermal
effect on the motor insulation due to polarization
processes, which leads to leakage currents and
bias currents. This significantly reduces the ser-
vice life of the motor.

Consequently, the issues of energy saving
using industrial drive and the development of
effective technical means, criteria, and their con-
trol algorithms to improve the energy efficiency
of electric drive, transmission, and electric power
consumption are relevant and important.

Literature review. There are several economic
and power quality directions: improvement of power
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supply systems, improvement of consumers (nom-
inal load), application of multiphase-controlled rec-
tifiers and frequency converters with PWM, use of
passive FCU, etc. However, the wide application of
FCU has revealed many disadvantages that cause
additional generation of harmonics, such as res-
onance phenomena. However, the wide applica-
tion of FCU has revealed several disadvantages,
which cause additional generation of harmonics,
for example, due to resonance phenomena. The
complex spectrum of network currents and volt-
ages makes using FCU inefficient [2-7].

In the case of nonlinear and asymmetrical
dynamic loads, fast-acting compensating devices
are required to quickly and accurately unload the
network from the negative influence of inactive
components of full power. The most effective in
this direction are PAFs [8—14].

The purpose of the work is to improve the con-
trol methods of multifunctional PAFs for fast and
accurate compensation of inactive full power com-
ponents in both three and four-wire mixed power
systems adapted to group power supply systems
for drives with capacitive energy storage devices.

Results of the study. The PAF (Fig. 1) con-
tains a three-phase AVI with double-sided conduc-
tivity connected to the network through a reactor
L., designed to suppress high frequencies caused
by switching the inverter keys. The signals to set
the current to be compensated are generated by
the control unit using instantaneous reactive power
values (first harmonic shift power, distortion, and
asymmetry). The current loops are closed through
relay regulators (RCRs) with frequency limit-
ing switching frequency of the inverter keys. The
RCRs are a simple and reliable in-operation cir-
cuit, having a limiting speed at given energy con-
straints in the DC link represented by capacitor C,
of the required capacitance. The inductance of
the output filter L, is determined by a compromise
solution between suppression of high-frequency
(modulation) current pulsations and the possibility
of providing a high value of the current derivative,
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which is necessary to form a compensation current
of the required frequency.
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Fig. 1. Functional scheme of the parallel
active filter (PAF) adapted to the system
of group power supply of drives with
capacitive storage Cd of electric power

In practice, two methods of PAF control are
most commonly used. The instantaneous power
method (p-q theory) and the control method in a
synchronously rotating coordinate system oriented
along the generalized (resultant) vector of the grid
voltage, based on the direct and inverse Park-
Gorev transformations.

In the first case, the constant p;,d; and varia-
ble P,,d, components of the instantaneous power
are determined according to the dependence
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In the above expression, the orthogonal com-
ponents in the fixed coordinate systema -4, for
example, of the generalized network voltage vec-

tor are defined as
1 ta
= u .
0 3/2 —3/2 u"

c

In the limiting case, the PAF should generate
all inactive components of the total power into the
load. However, in combined systems, capacitor
banks and LCFs (e.g. 5th and/or 7th harmonics)
can be used to compensate part of the reactive
power (Fig. 1). Therefore, different tasks can be
solved with the PAF: compensation of all inactive
components; individual components or their dif-
ferent combinations. For the instantaneous power
signals, p and q are subjected to filtering with the
help of ELF in order to divide them into compo-
nents to form the required control parameter of
compensation p” and g’ (Fig. 2, 3). The compensa-
tor reference currents in « —  axes are calculated
based on p’and g and the components u,,u, of
the mains voltage at the point of connection of the
PAF
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In the three-phase coordinate system the set-
ting of compensation currents are defined as [6]
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In case of distortion of the mains voltage wave-
form by higher harmonics and load asymmetry to
improve the accuracy of compensation of inactive
power components, filter F1 is introduced into the
control system to isolate the main harmonic of the
direct sequence (Fig. 1).

The functional scheme of PAF control by the
method of p-g instantaneous power theory is
shown in Fig. 2. The required active power con-
sumed by the PAF to compensate losses and
maintain the voltage in the DC link at a given level
is formed in the form of two signals. The first one
corresponds to the variable component p , and the
second one corresponds to the output signal of the
voltage regulator (VR) in the DC link.

oy

Fig. 2. Functional scheme of PAF control
in the stationary coordinate system a, 3
(CCC - compensation current calculator
according to (4); CD — computing device)

The circuit provides several modes of reactive
power compensation: full compensation; compen-
sation of individual components or their combi-
nation. The use of a narrow-band filter to isolate
variable components of double frequency allows
symmetrizing the load.

The general disadvantage of the p-g method of
instantaneous power theory is the use of harmonic
variables U, U, i, iﬁ when calculating the setting
compensation currents according to (3) and (4),
which reduces the noise immunity of the system
and complicates the calculation algorithm. Com-
puter simulation of PAF operation modes (Fig. 3)
has shown that its control in a synchronously rotat-
ing x-y coordinate system, oriented along the gen-
eralized vector of grid voltage, allows to simplify
the procedure of selection and continuous control
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of inactive components of full power, to increase
the speed and accuracy of compensation. This
method is based on the direct and inverse Park-
Gorev transformations. The direct transforma-
tion consists in determining the projections of the
resulting current vector on the x-y axes [6-8]

FX}:{CO'SB sina}{?a} (5)
I, —sin® cosd || 1,

where @ = ot is the spatial position of the rotating
coordinate system, defined as

cosd=u,/U,sind=u,/U,U = Ju:+u; .(6)

o

Fig. 3. Functional scheme of PAF control
using synchronously rotating coordinate
system (x, y method of instantaneous power
theory)

Itis essential that the component I, and the var-
iable i, correspond to the inactive components of

the currents to be compensated. As in the scheme
of Fig. 2, a VLF is used to separate I,:l, into con-
stant and variable components.

Inverse transformation from a rotating coordi-
nate system to a stationary one [8]

i, | [cos@ —sin@]|li,
iy _L,ina cose} i | (7)

The assignment of compensation currents is
formed by switching from two-phase coordinate
system to three-phase coordinate system and
adding zero sequence current i,

i =i +i,

%=—£+i§5+g, (8)
2" 2
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Thus, if we apply first the direct Clark transforma-
tion and then the Park-Gorev transformation to the
three-phase system of variables, then the projection
of the generalized current vector on the y-axis and the
variable component of the projection on the x-axis cor-
respond to the inactive components of the currents to
be compensated to minimize the reactive power con-
sumption. In this case, too, using the LFD, it is possi-
ble to realize different compensation modes.

Compensator control can be realized both by
calculating the required output voltage of the PAF

Fig. 4. Compensation of reactive power
(a); 5th harmonic (b); 5th and 7th harmonics
(c); 49th harmonic (d); inactive power components
of diode rectifier in group power supply systems
of drives (e); load symmetry (f)
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using various modulation principles and regula- The simulation results of some modes of PAF
tors, and relay control by the compensation current  operation are shown in Fig. 4.

deviation from the set value. Various methods can Conclusions:

be used to reduce the switching frequency of the 1. In a synchronously rotating coordinate sys-

inverter keys. The PAF with RRT, covered by cur-  tem oriented along the generalized vector of the
rent feedback, acquires the properties of a current  poyork voltage, the procedure of PAF control
so:rce, wdhlc}rlslgmﬁfantlty |trr1]crease_s the accurslc:y parameter formation is considerably simplified,
and speec orthe system fo the maximum possibIe. 204 the application of relay control increases the

The PAF control circuits (Fig. 2, 3) provide a ¢ . to th . .
limitation of the maximum value of compensated compensator pe F)rmance o the maX|.mum possI-
ble under the available energy constraints.

reactive power to protect it from overloads and <

possible capacitor discharge. 2. The addition of zero sequence current to the
It should be emphasized that the formation of compensation reference currents allows the PAF

the PAF control parameter according to (8) does to be used in both three and four wire systems

not require the use of additional devices for zero  without additional zero sequence current compen-

sequence currentcompensation in four-wire systems.  sation devices.
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