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HucepraiiitHa po0OoTa TPHUCBSYEHA BUPIIMICHHIO BaXXJIMBOTO Ta AaKTyaJbHOTO
HAayKOBOTO 3aBJIaHHS — ONTHMI3allli MacorabapuTHUX TNapaMeTpiB IMEepeTBOpIOBaya y
CKJIaJ[l CUCTEM EJIEKTPUYHOTO >KUBJICHHS HA OCHOBI (POTOEJIEKTPUYHUX MEPETBOPIOBAYIB
(DEII), a came iMIMyIbCHOTO 1HBEPTOpA Y CKJIAJl aBTOHOMHHUX CTAI[lOHAPHUX CHUCTEM
YKUBJICHHS IIUISIXOM OTJISITY, aHaJl13y, MOPIBHSIHHS, PO3pPaxyHKiB, OOIPYHTYBaHHs BUOOPY
Ta BIPOBA/KEHHS KOMIUIEKCY HAYKOBO-MIPAKTUYHUX TEXHIYHUX 1 MIPOTPaAMHUX METOJIB

Ta 3aco0iB.

YacTka JKepesl BIJHOBIIOBAHOI EHEPreTMKM B 3arajibHOCBITOBIM TeHepallii
3pOCTa€ MPOTATOM OCTaHHIX AecATHIITh. CHUCTEMHM Ha OCHOBI (DOTOENEKTPUUHUX
nepetBoproBayiB (PEII) 3abe3neuyroTh BiIHOCHO HEBUCOKHUM BIJICOTOK HaBITh Cepe/l
IHIIMX JDKEpeN «3eJIeHOi» eHepreTHku. IIpoTe came cCoHsSUHA reHepalis EMOHCTPYE
CTAIMA Ta AMHAMIYHHMI PICT MPOTATOM OCTaHHIX JAECATHIITh. Taki CHCTEMH HaJllIeH1
PSZIOM CYyTTEBHX TEPEBar, TAKUX SIK: MOMJIMBICTh PO3MIIIECHHS Oy b-7€ 0€3 PUB’SI3KH 710
reorpaiyHUX yMOB, BIJICYTHICTb IIKIJJIMBUX BHUKHU[IB B MpOILIECi reHepallii eHeprii,
BIJICYTHICTh PYXOMMX YaCTHH, MOXJIMBICTh MOHTaXXy Ha Oy/b-sIKi TBEp/Il TOPU3OHTAIbHI
YW HAXWICHI TOBEPXHI, BKIIOYAIOUHN JIaXH KUTJIOBUX OyIMHKIB, MOXJIUBICTH POOOTH SIK

Ha [IEHTPaJII30BaHy €JIEKTPOMEPEKY, TaK 1 B ABTOHOMHOMY PEKHMI.

OnHuM 13 KITIOUYOBUX €JIEMEHTIB CUCTEMH COHSYHOI €HEepPreTHKH OKpIM BIIaCHE
®FIl € HamiBIpOBIAHMKOBUN TEPETBOPIOBAY, 110 3a0e3leuye NEepPeTBOPEHHS EHEeprii

MOCTIHHOTO CTPYMY B 3BUYHUH 17151 MTOOYTOBUX MPUIAIB 3MIHHUNA cTpyM. OCOOIMBICTIO

1



pobotu meperBoproBaua 3 DEIl B sikocTi mkepena HAMpyrd € KOJMMBAHHS BXiTHOI
Harpyrd B IIMPOKOMY Jllama3oHI MPH 3MIiHM 30BHINIHIX yMOB. Bapricth, raGapuTHi
po3MipHu, Maca, METAIOEMHICTh TaKHX MEPETBOPIOBAYIB MPOMOPIIiHI X MaKCHMaIbHIN

MOTY>KHOCTI.

B xoni anamizy HasBHUX KOMEPIIMHHMX pillieHb OyJIO BH3HAYEHO, IO BHCOKa
BapTICTh Ta 3HAYHI MacorabapuTHI MapaMeTpy MOAIOHUX MEPETBOPIOBAYIB CIIPUYMHEH1
3HaYHOI0 METAJIOEMHICTIO TACHUBHUX €JEMEHTIB, CTPUMYIOTh OUIBII IIHPOKE

BIIPOBAPKEHHSI MOJIIOHUX CHCTEM.

Haiibinpmr  MeTaqoeMHUMH  KOMIIOHEHTaMH TIEPETBOPIOBaYa €  KOTYIIKU
iHIyKTUBHOCTI Ta pajiaTopu. Ix po3Mipy Ta Maca pONOPIiiiHI eHeprii, o MPoTiKae un
PO3CIIOEThCS JaHUMU eJIeMeHTaMU. B pe3ynbrati aHami3zy OyJio BUSIBIEHO Psij MIIXO/1B
JI0 3MEHIIEHHS MacoradapUTHHUX MapaMeTpiB KOTYIIOK 1HIAYKTUBHOCTI HUISIXOM
3MEHIIIEHHSI €Heprii, 0 MPUIaae Ha OJHY KOTyIIKy. Cepel TakuxX croco0iB HAMOLIBII
NEPCIIEKTUBHUM OYJI0 BU3HAYEHO 3MEHIICHHS CTPyMy 4epe3 KOTYUIKY 1HIYyKTHBHOCTI
IMITyJIbCHOI YaCTHHU TEPETBOPIOBAYA ILISXOM MApalebHOTO BKIIOUEHHS JCKUTBKOX
JAHOK IMITyJIbCHOI YacThHU. CUTHAIM KepyBaHHS TPAH3UCTOPAMU IMITYJIbCHOI JIAHKU
MICTSTh (Pa30Bi 3CyBH, 1110 3a0€3Meuye HEe OJJHOYACHE BIAKPUTTS KJIIOUIB B MapajieIbHUX

JJaHKax.

3a pe3yJbpTaTaMu MOPIBHSJIBHOTO aHANI3y T4 MAaTEMATUYHOTO MOJCIIIOBAHHS Py
pitieHs Oyn0 OO0paHO SK HaWOUIBII MEPCIEKTUBHY KOMOIHOBaHY TOIOJOTIO 3
BHCOKOYACTOTHOIO  IMIYyJIbCHOIO YaCTHHOIO Ta HHU3bKOYAaCTOTHHM JIAHITFO)KKOM
po3ropTku. OyHKITIOHATIEHO 3aIPOIIOHOBAHA IMITYJILCHA YaCTHHA TEHEPYE CTPYM III0 32
dbopMOI0 BIANOBIAAE MOIYJIIO CHHYCOITH, a JIAHIIO)KOK PO3TOPTKH 3a0e3reuye 3MiHy
3HAaKy BUXIJHOI Hampyru. [Ipm 11bOMy aKTHUBHI KOMIIOHGHTH IMITYJBCHOI YaCTHHH
MPAITIOIOTh 3 BUCOKOIO YaCTOTOK0 KOMYTAIlII0 B JIECATKH KIJIOTEPII, a KIIFOUl JIAHIIOKKA
PO3TOPTKH KOMYTYIOTHCS 3 YACTOTOIO MEPEKEBOI1 Hanpyru. Takuil po3noaisl JI03BOJIMB
ONTHUMI3yBaTH NapaMeTpU TPAH3UCTOPIB BIAMOBITHO 1O YMOB POOOTH B KOXKHIH 3 JIAHOK,
BUXOJSIYA 3 OYIKYBAaHOTO PO3MOJUTY CTaTHYHUX Ta JUHAMIYHHUX BTpPAT, a TaKOXK

3MEHIIUTHA BaPTICTh KOMIIOHEHTIB JIAHITIO’KKA PO3TOPTKH.



Uepes Pizuuni ocobnuBocTi ¢yHkiionyBanHs OEII sk mkepena Hampyrw,
BUHHWKA€ HEOOX1THICTh THYYKOTO KEPYBaHHS PEKUMOM pOOOTH MEPETBOPIOBaUa 32 YMOB
JUHAMIYHOT 3M1HU OCBITJICHOCTI Ta YaCTKOBOTO 3aTiHeHHA. CydacHi CUCTEMH KepyBaHHS
nepeadoavyaroTh aJTOPUTMHU CIIIAKYBaHHS 32 TOUKOIO MakcuMabHO1 oTykHocTi (CTMII)
@EII. Taki aropuT™M# J03BOJSIOTH ONTHUMI3yBaTH B101p MOTYKHOCTI 3 COHSIYHOT TaHe1
32 YMOBH YacTKOBOTO 3aTIHCHHS NUIIXOM IIiJIAIITYBaHHS HaBaHTaXEHHsA. byro
3alPOIIOHOBAHO MOAM(IKOBAHUN aNTOPUTM CIIIJKYBaHHS 3a TOYKOK TJI00aTBHOTO
Makcumymy moTykHocTi (I'CTMII) 110 103BOJIS€ MiIBUIATH 10 TPHOX Pa3iB MIBUAKOIIFO
cucremd. ITiBUIIEHHS MIBUAKOAIT TI03BOJISIE MIHIMI3YBaTH BTPATH €HEPTii IiJ1 9ac mepe

HaJallITyBaHHS ONTUMAJIbHOI pOOOYOI TOUKU CUCTEMHU.

byno 3amponoHOBaHO 3aMKHEHY CHCTEMY KEPYBaHHs II€PETBOPIOBAYEM 3
TPUPIBHEBOIO MMPOTHO-IMIyJIbcHOIO MopyJsiiniero (ILIM). Cucrema kepyBanus (CK)
peanidye TOCTIMHUI MOHITOpUHI cTpyMy Ta Hampyru @FEIl Ta BUXiAHOro cTpymy
NepeTBOpIOBaya 110 J03BOJIsIE€ €PEKTUBHO MIATPUMYBATH (OPMY BUXIJTHOTO CTPYMy Ta
HaIlpyTy B IIMPOKOMY Jliana3oHi 3MmiHU BXiaHOI Hanpyru. CK ¢opmye aexinbka rpyn
CUTHAJIIB KEpPyBaHHS JJisi PI3HUX YAaCTUH TNepeTBoproBava: BucokoyactotHi [IIM-
CUTHaiIM 3 ()a30BUMHU 3CyBaMM JJIsi KE€PyBaHHS MapajelbHUMHU JIaHKaMU 1MITYJIbCHOI

YaCTHUHM Ta HU3bKOYACTOTHI CUTHAIU JJI1 KCPYBAHHA KIIFOUaMU JIAaHITIOKKA pO3TrOPTKH.

J1J1st NOPIBHSUIBHOTO aHaNi3y e€(peKTUBHOCTI 0OpaHOro MiAX0AYy 3 YepryBaHHAM (a3
Ta JIAHLIOKKOM pO3TOPTKU OyJ0 po3po0JICHO MaTeMaThyHy MOJEIb BTpaT B
HaITIBITPOBITHUKOBUX e€JeMeHTax. JlaHa MoJenb J03BOJIAE€ OIIHIOBATH CTAaTHYHI Ta
JUHAMIYHI BTpaTH B TPAH3UCTOpPAX 3 BpPaXyBaHHSIM KUIBKOCTI MapajelbHUX MOAYJIB,
nmapamMeTpiB KJIIOYiB, TMOTY>KHOCTI IEpeTBOPIOBAaYa, BXIiMHOI Hampyru. Buxomsuu 3
OTPUMAaHMX 3a pe3yJibTaTaMl MaTeMaTUYHOIO MOJENIOBAHHS JaHUX, ONTHMAJIbHUM €
3aCTOCYBaHHS JIBOX MapajiesibHUuX MOJYJIIB. 32 YMOBH 3acTOCYBaHHs TphoX Moy B KKJ|
Ta EHepriss B KOTYLIKaXx IHAYKTHUBHOCTI HE 3a3HAIOTh CYTTEBHX 3MiH, 32 YMOBH
YCKJIAQAHEHHS CHUCTEMM KepyBaHHS Ta 30UIbIICHHS pPO3MIpIB JPYKOBAHOI IUIATH

MNepETBOProBaya.



3a pe3ynbTaTaMd aHATITUYHOTO OTJISY, MAaTeMaTHYHOTO Ta IMITaIliifHOTO
MOJICTTFOBAHHS JIJIS TOAAJIBIIOT PAKTHYHOT peatizailii Ta HAaTypHUX €KCIIEPUMEHTIB 0YJII0
oOpaHO TOTOJIOTIF0 3 JBOMA TMAapajeJIbHUMH JIAHITIO)KKAMHU IMITYJIbCHOI JIAaHKH Ta
JAHITFO)KKOM PO3TOpTKH. P03po0sieHO Ta peamizoBaHO EKCIePUMEHTAIBHUN MaKeT
NepeTBOproBaya TMOTYXHICTIO 1  KBT 1m0 go3Bomsie  OIMiHUTH  €EKTUBHICTH

3ampOIIOHOBAHOI TOIOJIOTIT B Aiana3oHi moty»kHocTi Bij 160 Bt no 1 kBT.

MaxkcuManabHa  €KCHEPUMEHTAIbHO JIOCSATHYTa C(QEKTUBHICTh B  PEXKUMI
MJBUIIEHHS HANPyTU ckiajiae moHaa 96% mpu notyxHocti nonan 450 Bt, B pexumi
3HIKEHHS Hampyru noHan 97% 3a motyxkHocTi nmoHan 650 Br. ExcnepumeHTanbHO
OTpUMaHI pe3yJabTaTH NOBHICTIO MIATBEPAKYIOTh TEOPETUYHO OUIKYBaH1 Ta OTPUMAaHI 3a

pe3yjabTaTaM MaTCMATHUYHOT O MOJCITIOBAHHA.

OTpumaHni B X011 JOCTIPKEHHS AaHl CBIYaTh MPO €PEKTUBHICTh 3aIIPONIOHOBAHOT
tonoJiorii. Po3pobiiena MaremMaTuHa MOJICNIb € YHIBEPCATHHUM THCTPYMEHTOM OIIIHKU
e(EeKTUBHOCTI OOpaHOro MiAXOAy JJIA MEpPEeTBOPIOBAYIB JAHOTO Kiacy Ta cdepu
3aCTOCYBaHHS, IO BIJKPHBA€ NUIAX I TMOJATBIINX JOCHIKCHb Ta MoaudIKaIii
IHBEpTOpPIB 3 IIMPOKUM [1alla30HOM PETYJIOBaHHS BXIJHOI TOTYXHOCTI Ta

ONTUMI30BaHUMHU MAacOTabapUTHUMU TTapaMETPaAMH.

Knrouosi cnoea: MaHIIOKOK PO3TOPTKH, 1HBEPTOP 3 MAPATETHHOIO CTPYKTYPOIO
yepryBaHHs (a3, MacorabapuTHI NapaMeTpH, IHBEPTOP HANPYTH, IIHUPOTHO-IMITYJIbCHA
MOMAYJISIISA, ONTUMAIBHUM PETYJSITOp, ONTHUMI3AIlis, ONTUMalbHA IIBUAKOIS,
eHEproeeKTUBHICTh, CIIOKUBAHMK CTPYM, pPO30CEpPEIKeHA TeHepallis, COHSYHA
CHepreTuka, MaTreMaThdyHa MOJeNb, KOMYyTallis, TWIKOBHA CTPyM, TPHUBATHI
JIOMOTOCTIONIaPCTBA, CTIWKICTh, TMOTYXXHICTh BTpaT, TOIMOJIOTII TMEpPETBOPIOBAYIB,

nigsuienHs KK, crpareris kepyBaHHS.
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ANNOTATION

Fesenko A.P. Inverter with a wide range of input voltage adjustment and improved

mass-size parameters. — Qualifying scientific work on the rights of the manuscript.
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The dissertation is devoted to the solution of an important and relevant scientific
task — photovoltaic (PV) converter mass and size parameters optimization. Specifically,
the inverter as part of autonomous stationary power supply systems by means of review,
analysis, comparison, calculations, justification of the choice and implementation of

complex scientific and practical technical and software methods and tools.

The expansion of renewable energy sources in a global generation has been
growing over the past decades. Systems based on photovoltaic (PV) cells provide a
relatively low percentage even among other sources of "green" energy. However, solar
generation shows steady and dynamic growth over recent decades. Such systems are
endowed with a number of significant advantages, such as placement possibility without
reference to geographical conditions, the absence of harmful emissions in the process of
energy generation, such systems don’t include any moving parts, installation possibility
on any horizontal or inclined surface (including the roofs of residential buildings), the

possibility of working both on the centralized power grid and in autonomous mode.

One of the key elements of the solar energy system, in addition to the PV, is a
semiconductor converter, which provides the conversion of direct current energy into
alternating current, which is commonly used for household appliances. A feature of the
operation of the converter with PV as a voltage source is the fluctuation of the input
voltage in a wide range when external conditions change. The cost, overall dimensions,
weight, and metal capacity of such converters are proportional to their maximum power.

It was determined that the metal-intensive passive components contribute a large part of



the high cost and the bulky size of such converters. Which, in turn, restrains the further

expansion of this type of system.

The most metal-intensive components of the converter are inductors and radiators.
Their size and mass are proportional to the energy flowing or dissipated by these
elements. As a result of the analysis, a number of approaches to reducing the mass and
size parameters of the inductor coils by reducing the energy per coil were revealed.
Inductor current reduction for the DC/DC stage of the converter can be achieved by
parallel connection of several DC/DC cells. Such an approach based on current dividing
was determined as the most promising. The switch control signals contain phase shifts

which provide some time gap between the transistors opening in different cells.

The results of comparative analysis and mathematical simulation indicate that the
most promising topology includes a high-frequency DC/DC stage and low-frequency
unfolding circuit. The proposed DC/DC stage generates a module of sinusoidal waveform
and the unfolding circuit only reverses the direction of the output current. At the same
time, the switches of the DC/DC stage work with a high switching frequency of 64 kHz,
and the keys of the unfolding circuit are switched with the frequency of the mains voltage.
Such functional division makes possible optimization of the transistor parameters
according to the operating conditions in each converter stage, based on the expected
allocation of static and dynamic losses, as well as to reduce the cost of unfolding circuit

components.

Due to the features of PV cells as a voltage source, the converter control system
requires some flexible algorithm to operate with the dynamic illumination changes and
partial shading of the PV panel. Modern control systems provide algorithms for
monitoring the maximum power point (MPP) of the PV. Such an algorithm makes it
possible to optimize the power extraction from the solar panel under the condition of
partial shading by load adjusting. A modified algorithm for tracking the global maximum
power point (GMPP) was proposed, which allows for increasing the speed of the system
up to three times. The speed increase allows for minimizing energy losses during the

reconfiguration of the optimal operating point of the system.



A three-level pulse-width modulation (PWM) closed-loop converter control system
was proposed. The control system (SC) implements constant monitoring of the current
and voltage of the PV and the output current of the converter. These parameters
monitoring allows to effective maintain the form of the output current and voltage in a
wide range of the input voltage changes. The SC generates several groups of control

signals for different parts of the converter: high-frequency PWM.

Keywords: unfolding circuit, interleaved inverter, mass-size parameter, voltage
source inverter, pulse width modulation, optimal controller, optimization, optimal speed,
energy efficiency, consumed current, distributed generation, solar energy, mathematical
model, commutation, peak current, private households, stability, power losses, converter

topologies, increasing efficiency, control strategy.



