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The expediency of using a power active filter in the mode of reactive power compensation of the supply network for the
powerful sounding pulses shaper power supply system of the Institute of ionosphere NAS and MES of Ukraine is shown.
An analysis of the literature has been carried out, which shows the effectiveness of solving the problem of reactive
power compensation, filtering higher harmonics of the power supply network using an additional energy source to
obtain a compensating signal in the form of current or voltage. The choice of the power circuit for constructing an
active filter has been made. A voltage inverter on IGBT transistors is used as a power active filter. The basic principles
of operation of the power active filter control system are described, which are based on the p-q theory of power and
provide for the calculation of instantaneous values of the task currents for each phase of a three-phase power supply
system. The work of the Matlab-model of the power supply system of the shaper is shown; the oscillograms of the main
energy characteristics of the shaper are given. As a result of using a power active filter, the current of the supply
network becomes close to sinusoidal, and the power factor tends to 1. A positive effect on the efficiency of the shaper
when the power active filter is included in the supply network is noted, which is due to the efficiency of compensation of
the reactive power consumed by the shaper from the supply network. The simulation results are presented, in particular,
graphs of reactive power change at the point of connecting the power active filter to the supply network, at different
levels of reactive power consumption by the shaper. The results obtained confirmed the possibility of using a power
active filter in the mode of reactive power compensation of the supply network when solving the problems of improving
the electromagnetic compatibility of powerful sounding pulses shapers with the supply network, reducing losses and
increasing the reliability of the shapers.
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1. Introduction networks of consumers and power systems. Also,
the increased requirements for the quality of
electricity consumed from the supply network led
to the emergence of a number of scientific works
aimed at developing devices and methods to
reduce the influence of electricity consumers on
the supply network [1-7]. These devices include

The issues of reactive power compensation and
payment for the flow of reactive electricity are
very relevant at the present time. Compensation
of reactive loads can be attributed to the most
effective energy-saving technologies in electrical
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reactive power compensators and active power
filters (APF).

Non-linear loads, the operation of which is
accompanied by distortion of the network current
shape and the consumption of reactive power, are
among the electricity consumers that most
negatively affect the supply network. Elimination
of negative factors is possible by using the APF,
the main tasks of which are to compensate the
distortion of the current shape and to provide zero
phase shift of the current and voltage curves at
the point where the APF and the load are
connected to the supply network.

The principle of operation of the APF is that
a controlled converter in its composition, using
the energy of a current or voltage source,
generates a current similar in  harmonic
composition to the load current (except for the
first harmonic), but opposite in sign. As a result,
there is a mutual compensation of higher
harmonics of the non-linear current and the
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controlled converter of APF. A direct frequency
converters, a current and voltage inverter, and
controlled switches are used as converters of
power active filters.

The purpose of the work is to study the
operation of an active power filter and its control
system in the reactive power compensation mode
for the power supply system of the powerful
sounding pulses shaper which belongs to the
Institute of ionosphere of the National Academy
of Sciences and the Ministry of Education and
Science of Ukraine [8].

2. Power active filter topologies

In fig. 1 typical structures of active power filters
are shown: serial active filter (Fig. 1a), shunt
active filter (Fig. 1b) and hybrid active power
filter types (Fig. 1c). Serial is used as non-
sinusoidal voltage compensator, shunt APF is
used as non-sinusoidal current compensator.
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Fig. 1. Typical structures of active power filters

The relationship between the functionality
of serial active filters, shunt active filters and
hybrid filters, their  topology, and
implementation features of the control system

are considered in [1-7]. Systems with
connection of APF in parallel with load are
characterized by big opportunities of attenuation
of the higher harmonics of current of a network,
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and as a consequence,
characteristics [2, 6].

Fig. 2 shows the system network — non-
linear load with a shunt active filter. The active
filter can be made on the basis of a voltage or
current inverter connected in parallel to the load
and regulated in such a way that its current is
equal to the total current of the higher harmonics

good filtering

of the load.

The works [5, 7] present the results of the
development of a three-phase four-wire parallel
active filter based on a two-level voltage
inverter, made on fully controllable power
elements — bipolar transistors with an insulated
gate (Fig. 3).
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Fig. 2. Typical structure of shunt active power filter
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Fig. 3. Three-phase four-wire shunt active power filter

3. Control principles of APF and
Matlab-model

This article presents a simulation results of the
active power filter circuit, built on the typology,

23

which is shown in Fig. 2.

The most complex component of the power
active filter, on which the compensation
efficiency mainly depends, is the control system
that forms the required switching algorithm for
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semiconductor switches of the APF converter.

The operation of the APF control system is
based on the measurement of the phase currents
of the load and the filter by means of two sets of
corresponding sensors.

Ideally, with full compensation of the
higher harmonics and reactive power consumed
by the load, the total load current and APF are
sinusoidal and in phase with the supply voltage,
i.e. the load-APF system consumes only active
power from the network. Therefore, if the active
component of the first harmonic is subtracted
from the load current, the resulting signal will
qualitatively and quantitatively characterize the
degree of distortion of the initial current. The
APF management strategy is described below.

Analytically, the above can be expressed as
an equation:

W O=[O-L 0

where i (t) — reference current; i (t) -

instantaneous value of load current; i, — the

first harmonic of the active component of the
load current; k — a constant factor that binds the
signal with a APF.

The efficiency of the APF is largely
determined by the accuracy of the formation,
which depends on the distortion of the voltage
shape of the supply network and the speed of the
control  system  units that implement
mathematical operations.

Inaccuracy in determining the reference
current leads to incomplete compensation of the
higher harmonics of the load current, overload
of the elements of the power circuit of the APF
and additional power losses.

The principle of connecting the APF and
sounding pulses shaper to the mains is shown in
Fig. 4. Shaper generates, amplifies and transmits
powerful sounding pulses and is built according
to a two-channel scheme, each channel of which
is a pulse transmitter generating high-frequency

sounding pulses. Each channel of the transmitter
contains: a high-voltage rectifier (HVR), a
modulation device (MD) — storage line (six
parallel-connected modulator cells (MC1 -
MC6) in Fig. 4), a preamplifier, a pulse
transformer (PT) and a three-stage power
amplifier. The transmitter operation is described
in detail in [4].

Basic elements of the APF control system
structure based on p-q power theory is shown in
Fig. 5. It contains the source power supply,
voltage inverter, storage Cd, nonlinear load -
sounding pulses shaper.

The signal from the network current sensors
1 — 3 carries information about the instantaneous
values of the active and inactive load power.
The signals from the output of the voltage
sensors 1-3 and current sensors 1 — 3 of the
network are fed to the first input of the digital
processing unit (DPU), which converts the
mains voltage and mains current from
coordinates a, b, ¢ to coordinates a, B in
accordance with the equation given in [4]. The
third DPU input receives a voltage signal on the
storage capacitor Cd to calculate a proportional
value of the active switching power Pc. The
DPU calculates the instantaneous values of
active and inactive power. The components of
active and reactive power allow to calculate the
currents iFa and iFP, which must be generated
in the network by the voltage inverter to
compensate the inactive components of
instantaneous power.

The currents of the instantaneous values of
the phase currents of the voltage inverter can be
calculated from the currents iFo and iFf in the
coordinates a, 3:

i 1 0
Fa
1 \@ iFa
Il Fo |= _E 7 |:| Fﬂ:l (2)
I Fc _1 _ﬁ
L 2 2
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Fig. 4. The principle of connecting the APF and shaper to the mains
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Fig. 5. The basic structure of the APF control system

The inverter currents from the DPU output
are compared with the actual values of the phase
currents of the inverter. Depending on the result
of the comparison, the transistors of the
corresponding arms of the voltage inverter are
included.

25

Matlab-model of shunt active power filter
with non-linear load - powerful sounding pulses
shaper is shown in Fig. 6. Matlab-model
includes voltage inverter - APF, the digital
processing unit DPU, storage capacitive Cd, the
pulses distribution block PDB and the load -
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powerful sounding pulses shaper.

Using the developed Matlab-model, the
following dependencies and characteristics can
be investigated:

— energy characteristics of the shaper
(reactive power, power factor in the node of
connection of the shaper and APF to the mains);

— higher harmonics of current, which are
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generated by the shaper into the mains;

— the efficiency of the shaper when the
power active filter is connected to the supply
network;

— changes in reactive power and power
factor in the node of power filter connection to
the supply network, at different levels of
reactive power consumption by the shaper.
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Fig. 6. Matlab-model of shunt active power filter with load

4. Simulation results

In Fig. 7 presents the obtained timing diagrams
of transient processes when the APF is
connected to the supply network. From top to
bottom, changes of power factor k, reactive
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power Q, active power P and APF currents are
shown.

Fig. 8 shows diagrams of reactive Q and
active P power changes at the load side, and
changes of the load power factor — k, at different
reactive power levels consumed by the shaper.

26



ISSN 2708-5244 (print)

Transient processes when changing the
reactive power of the load in the APF and load

connection node are shown in Fig. 9. The keptclose to 1.
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Fig. 7. Transient processes when the APF is connected to the supply network
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Fig. 8. Transient processes at different reactive power levels consumed by the shaper
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diagrams show that the reactive power Q
remains compensated, and the power factor K is
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Fig. 9. Transient processes when changing the reactive power of the load in the APF and load connection
node

5. Conclusions

The chosen topology of the APF power circuit
showed good results. The results obtained
during modeling using the developed Matlab-
model of the system ‘“APF-nonlinear load”
confirmed the effectiveness of the selected APF
scheme. When the APF is switched on to the
power supply network, a slight decrease in the
first harmonic of the current of the powerful
sounding pulses shaper occurs, which has a
positive effect on the efficiency of the shaper,
causing the efficiency of compensation of
reactive power consumed by the former from the
supply network. The results obtained confirmed
the possibility of using an active power filter in
the mode of reactive power compensation of the
supply network when solving the problems of
improving the electromagnetic compatibility of
powerful sounding pulses shapers with the
supply network, reducing losses and increasing
the reliability of the similar shapers.
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CuiioBHii aKTUBHHUI QUILTP 1JIA
KOMIIeHCaIlil peaKTHUBHOI MOTYKHOCTI
(opmyBauiB NOTYKHUX 30HAYIOUHMX
iMITyJIBCIB
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Tloxazana Z[OLIiJ'ILHiCTB BUKOPUCTAHHSA CHJIOBOI'O

aKTHBHOTO (IJbTPY B PEXUMI KOMIICHCAlii peakTUBHOI

HOTy)KHOCTi Mepex(i JKHUBJICHHA JJIA CHUCTEMHU

€JIEKTPOXKMBIICHHs. (OopMyBaya MOTYKHUX 30HAYIOUHX
immynbciB [HCTHTYTY i0HOC)epn HAH ta MOH VYkpainu.
3po0JieHo aHai3 JITepaTypH, e Moka3aHa e(peKTHBHICTh

BHpIIEHHS  TpoOieMH  KOMIICHCAIil  PEaKTHBHOI

HNOTYXXHOCTI, (inbTpamii BHIIMX TapMOHIK  Mepexi

KMBJICHHS 3 BUKOPUCTaHHSAM aKTHBHOI (PisIbTpariii BUIINX

TapMOHIK CTpyMy a00 Hampyrs i3 3aCTOCYBaHHSIM
JNOJATKOBOTO  JDKEpela  eHeprii  uis  OTpUMaHHS
KOMIIEHCYIOUOTO CHUTHaly, Yy BHIVISIJI CTpyMy ado

Hanpyrd. BukoHaHO BHOIp CHIOBOI cXeMH IOOYIOBU

CA®. B sKOCTI CHJIOBOrO aKTHBHOTO  (QiIbTpy
3aCTOCOBYeThCA  iHBepTOop  Hampyrm Ha  IGBT-
Tpan3ucropax. ONHCaHO OCHOBHI IPUHIUIK POOOTH

CHCTEMH KEpyBaHHS CHJIOBUM AKTHBHUM (QUIBTPOM, SIKi
3aCHOBaHI Ha p-q Teopii MOTY)KHOCTI 1 mependavaroTh
pPO3paxyHOK MUTTEBHX 3HAa4Y€Hb CTPYMIB 3aBIaHb IS
KoxHOI (asu Tpuda3HOI CHUCTEMH EIEKTPOIIOCTAYaHHS.
Ioxazana pobota Matlab-mozeni CUCTEMU
€JIeKTPOXKMUBIIEHHST (hopMyBaua, HaBEJEHI OCHUIOTPaMU
OCHOBHHMX EHEPreTHYHHMX XapaKTepHCTHK (opmyBaua. B
pe3yabTaTi BUKOPUCTAHHS CHJIIOBOTO aKTUBHOTO (iIbTPY
CTPYM  >KHBWJIBHOI ONMM3BKMM 10

Mepexi  CTae
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CHHYCOITAIEHOTO, a Koe(iieHT TTOTYXHOCTI

HAOJIDKAETBECA 10 ONWHMII. BiJ3HAaYeHO MO3UTUBHUI
BIUIMB Ha KoedimieHT KopucHOi nii ¢opmyBada mpu
BKIIFOYCHHI CHJIOBOTO AaKTHBHOTO (IUIBTPY B MEPEKY
KUBIICHHS, IO 0OYMOBJICHO €(DEeKTUBHICTIO KOMIICHCAIIi]
PCaKTHBHOI TMOTY)KHOCTI, CIIOKUBaHOI (opMyBaueM 3
Mepexi KUBIICHHS.

[Ipencrapnesi pe3yapTaTH

MOJICTIFOBaHHS, 30KpeMa, TIpadikd 3MiHH pPEaKTHBHOI
MOTY>KHOCTI B TOYI MiAKIIOYEHHS CHIIOBOTO aKTHBHOTO
GUIBTPY 10 Mepexi >KUBJICHHS, NpPU PI3HUX PIBHIX
CIIO’)KMBAHHA  PEAKTUBHOL

MOTY>KHOCTI  (hopMyBadeM.

OtpumaHi  pe3yJbTaTH  MIATBEPAWIM  MOMJIUBICTH
BHKOPUCTAHHS CHJIOBOTO aKTHBHOTO (UIBTPY B PEKUMI
KOMITEHCAIli peakTUBHOI MOTY)KHOCTI MEpExXi >KUBJICHHS
IIpU BHpIMICHHI 3aBIAaHP IOJIMIIEHHS €JNEKTPOMAarHiTHOI
CYMICHOCTI (pOpMYBaUiB MOTYKHUX 30HIYIOUUX IMITYJIbCIB
3 MEPEeXCI0 KUBJICHHS, 3MEHIICHHS BTpAT i 30UThIICHHS
HaAiIHOCTI poboTH (hopMyBaUiB.

Knrwuesi cnosa: cunosuii akmugnuil ¢inemp, KOHMPOb
PEaKmueHOi NOMYAHCHOCMI, CUCEMU KePYBAHH

Cui10Boii aKTMBHBIN PUIBLTP AJIs1
KOMIICHCAIIUHM PEAKTHUBHOM MOILIIHOCTH
(popmupoBaresieil MOLIHBIX 30HAUPYOLIMX
HMITYJIbCOB
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2 . .
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2. Xapvkos, Ykpauna

ITokazaHa mexecooOpa3HOCTh HCHONB30BaHUS CHIIOBOTO
aKTHBHOTO (UIIbTPA B PEKUME KOMIIEHCAIIMH PEAKTHBHOU
MOILIHOCTH MUTAOLIEH CeTH

JJIA CHUCTEMBI

IEKTPOITUTAHHS (hopmupoBarens MOIITHBIX
30HIUPYIOMIUX UMITYTECOB MHCTUTYTa HOHOCheps: HAH
u MOH VYxpaunsl. [IpousBeneH aHaau3 JUTepaTypsl, Tae
mokazana 3¢ (EeKTUBHOCTh

pemieHust  NpoOIeMBbI

KOMIIEHCAIlUd PEaKTUBHOM MOIIHOCTH, (uibTpanun
BBICIINX T'apMOHHMK CETH IHUTAaHHS C HCIOJIb30BaHUEM
AaKTUBHOW (IIIBTPAIlMM BBICIINX TapMOHHK TOKa WU
HamnpsOKEHUs  C  NPUMEHEHHEM  JIONOJIHUTEIbHOIO
HCTOYHMKA PHEPTUU U MOJTYyYSHHS KOMIICHCHPYIOIIETO
CUTHaNa, B BHJIE TOKAa WIM HampsbkeHUs. Beinonnen
BbIOOp cmitoBoi cxembl moctpoeHust CA®. B kadectse
CHJIOBOTO AaKTHBHOTO (DWIIbTpa MPUMEHSIETCSI WHBEPTOP
OnucaHsl

HanpspkeHuss  Ha  [GBT-tpansuctopax.

OCHOBHbBIC TIPUHIIUIIBI pa6OTLI CUCTEMbI YIIPpABJICHUSA

CWJIOBBIM aKTUBHBIM (PHIIBTPOM, KOTOPhIE OCHOBaHBI Ha P-
q TeopUH MOILIHOCTH U MPEAyCMATPUBAIOT pacyer
MT'HOBEHHBIX 3HAYCHHI TOKOB 3alaHUH IS KaXKIou (hasbl
Iloka3ana

Tpex(pa3HOH CHUCTEMBbI JIICKTPOCHAOKCHHUS.

pabora Matlab-Mozmenn  cHCTEMBI  3IEKTPOITUTAHUS

(dbopmupoBarensi, MpUBEAEHBI OCIMIIOIPAMMBI OCHOBHBIX
SHEPreTUYECKNX XapakTepucTuk Qopmuposatens. B
UCTIOJB30BaHUSI  CHJIOBOTO

peE3yIbTATEC AKTUBHOT'O

¢UIbTpa TOK MHUTAIOMICH CETH CTAHOBUTCS ONM3KAM K

CHHYCOUJaJIbHOMY, a KO3(1)(1)I/IHI/IGHT MOIIHOCTHU
CTPEMUTCA K COUHHUIEC. OTMEUEHO IOJIOXKHUTEIBHOE
BIIUSAHUC Ha KO3(1)(1)I/IHI/I€HT IIOJIC3HOTO JIeHCTBUS

(dopMupoBaTens IpH BKIOYEHHH CHIOBOTO AKTHBHOTO

¢wieTpa B
3¢ (EeKTHBHOCTHIO KOMIICHCAIINN PEAKTHBHOW MOIIIHOCTH,

MUTAIOIIYI0O CEeTh, 4YTO OOYCIIOBICHO
noTpebisieMoit  (hopMHUpOBAaTEIEM U3 TMHTAIONICH CETH.

IIpencraBneHsl  pe3ynbTaThl MOJENAPOBaHMUS, B
YaCTHOCTH, Tpa(UKH W3MEHEHHs PEaKTUBHOM MOIIHOCTH
B TOYKE MOIKIIIOYEHHS CHJIOBOTO AaKTHBHOTO (GHIBTPA K
MUTAIOIIEH CEeTH, NpPH pa3HBIX YPOBHSAX INOTpeOIIeHHs
peakTUBHOM MoInHOCTH (opmupoBareseM. [lomydeHHbIE
pe3ynbTaThl NOATBEPAUIN BO3MOXKHOCTb HMCIIOJIb30BaHUS
CHJIOBOTO AKTHBHOTO (DHibTpa B peXHMe KOMIICHCAIMU
PEaKTUBHOM MOLIHOCTU IUTAIOIIEH CETU IIPU PELIECHUU
3a1a4 yIy4IIEHUs 3JIEKTPOMAarHUTHOH COBMECTHMOCTHU
(dbopmupoBaTeneii MOIIHBIX 30HIUPYIOMIUX HUMITYJIbCOB C
MUTAOLEN CETbIO, YMEHBUICHUS MOTEPh M YBEIWYCHUS

HaJIe)KHOCTH paboThl (POPMUPOBATEIEH.

Knrwueevte cnoea: cunogoii  axmusHwlli  unbmp,
KOHMPONb ~ peaKmueHol MowHOCmU, cucmembl
ynpasneHus
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