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PO3POBKA 3BAPIOBAJIBHOI'O JIZKEPEJIA KUBJIEHH
3 IIIJABUIIEHOIO EOEKTUBHICTIO

Poboma cnpsmosana nHa cmeopenus enepeoedekmusHux 0dicepen HCUsieHHs, AKi O maiu
BUCOKULL KOe@iyicHM NOMYICHOCHI, HU3LKUL KOepiyicnm HeCcUuHyCcoiOHOCHE CRONCUBAHO20
cmpymy, 0006pi macozabapumui napamempu ma HU3bKUL pieeHb 8mpam NOMYHCHOCHI.
Mema pobomu — meopemuunuii onuc nioxooig 00 po3pooKU IHBEPMOPHO20 36APHEATLHO20
ooicepena HCUBIeHHs 3 NIOBUUEHOTO eheKMUBHICMIO MA eleKMPOMASHIMHOIO CYMICHICIIO
3 enekmpuuHolo mepedceio. B pobomi npoananizosano nepesazu ma HeOONIKU ICHYIOUUX
ovicepen HCuBeHHsL 015 36apIoBanHs. 3anponoHo8ana MonoL02isa 36aproaAIbHO20 ddcepend
JHCUBNIEHHSL 3 BUKOPUCMAHHAM PEe30HAHCHO20 nepemeoprosayua 3 Valley-Fill eunpsamnsiuem
31 cmoponu mepedxci. Ilepesazamu pe30HAHCHUX NEePemBOPIO8aAdi8 € HeBeIUKA KIIbKICMb
CUNOBUX KIOYIB, A BUKOPUCAHHS OPUSTHATBHOZ0 ANCOPUMMY Kepy8anHs 003601Uumb Nio-
suwumu eHepzoehekmugHicmos ma 3abezneuumu Hesenuki empamu enepeii. Ceped pezo-
HAaHCHUX nepemeopiosauis 6yio obparo mononoeito LLC nepemsoprogaua. B pobomi npo-
6edeHull aHaniz cxemu 3amijeHHs no OCHOBHIU 2APMOHIYI, PO3PAXOBAHUL KOMNIEKCHUL
ONip cxemu 3aMilueH s ma OMPUMAHi upasu 01 cmpymy i akmugHoi nomyxcrnocmi. Ilpo-
eedeno imimayitine mooeniosans 3acobamu Matlab Simulink, 6 pesyromami skoeo dose-
0eno niosuLeHHsI KOe@IiYyicHMa NOMYHCHOCMI 3aNPONOHOBAHO20 OHCEPENd HCUBTIEHHST Ma
3MEHULEeHHs KOepiyieHma HeCUHYCOIOHOCMI CROJICUBAHO20 IO MEPENCT CIMPYMY.

Knrouoei cnoea: 0dcepeno sicusienns, 36apo8ants, pe30HAHCHULL NEpemeoplosay, Koeqi-
YIEHM NOMYHCHOCMI, 36APHOBAILHULL IHBEPMOP, 2APMOHIKU.

S.V. Gulakov, V.V. Burlaka, S.K. Podnebenna, V.G. Kysliak, O.A. Plakhtii, V.P. Neru-
batskyi. Development of welding power supply source with higher efficiency. The work is
aimed at creating energy-efficient power supply sources with a high power factor, low har-
monic distortion of the input current, affordable weight and size parameters and low power
losses. The purpose of the work is a theoretical description of approaches to the develop-
ment of inverter welding power supply sources with high efficiency and electromagnetic
compatibility with the electric grid. The advantages and disadvantages of existing power
supply sources for welding have been analyzed. The topology of a welding power supply
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sources with the use of a resonant converter with a Valley-Fill rectifier at the mains side
has been proposed. The advantages of resonant converters are a small number of power
semiconductor switches, and the use of the original control algorithm will increase energy
efficiency and provide low energy losses. Among the resonant converters, the LLC topology
of the converter has been chosen. The work has considered fundamental harmonic analysis
of the equivalent circuit, the complex resistance of the equivalent circuit has been calcu-
lated, and the expressions for current and active power have been obtained. Increasing the
power factor of the power supply and reducing the current consumed from the electrical
grid is accomplished through controlling the shape of the current consumed by modulating
the active power of the inverter. The use of passive power factor correction (input rectifier
made according to the Valley Fill topology) made it possible to reduce the THD of the input
current. Simulation was carried out by means of Matlab Simulink; the simulation results
confirm the increase of the power factor of the developed power supply and the decrease
of the total harmonic distortion of the current drawn from the mains.

Keywords: power supply, welding, resonant converter, power factor, welding inverter, har-
monics.

IMocranoBka npo6Jaemu. [Ipu BupilieHH] 3324 pEMOHTY, BiJTHOBJICHHSI BIHCHKOBOI, CLILCHKO-
rOCHOAAPCHKOI, 1HIIOI TEXHIKH B MTOJILOBUX YMOBAaX, OCOOJIMBO B yMOBax O0OMOBHUX i, BHHHKA€E HEOO-
XiIHICTh TIPOBEACHHS 3BapIOBANIBHIX, & TAKOXK IHIIUX POOIT, NIe € MOTpeda B aBTOHOMHOMY JIKeperi
€JIEKTPOIIOCTaYaHHs Yepe3 HEMOKIUBICTh BUKOPUCTAHHS CTallilOHAPHOTO JDKEpena, ado SKII0 HOro BU-
KOPUCTaHHS OTpeOy€e BETMKUX YACOBUX 200 BapTICHUX BUTPAT. AHAII3 ICHYFOUMX 3BapIOBATEHUX JKe-
pel )KUBJICHHS, SIKi IPUCYTHI Ha PUHKY, IIOKA3aB, 110 BOHM MAlOTh CUCTEMY OXOJIOJDKEHHSI 3 BUKOPHC-
TaHHAM IIOTY>KHOT'O BEHTHJIITOPA, 110 IPU3BOJAUTH 10 IIOTPAIUITHHS BCEPEIUHY MUY, BOJIOTH Ta Opyay
1 BeJie 10 TOTipIIeHHS TETUIOBOT0 0OMiHY, IeperpiBy KOMIIOHEHTIB Ta/ab0 3aMHKaHb B CXeMi IHBEPTOpA.
st 3a0e3neveHHs HaaiiHO poOOTH B TIONBOBUX YMOBaxX a00 B yMOBaX AIFOUOTO MPOMHUCIOBOTO BUPO-
OHMIITBA IpKeperta )KUBJICHHS MOBUHHI MaTl BUCOKHH CTYIiHb 3aXHCTy BiJ nuiy Ta Opyay. Tomy cTBO-
PEHHS eHeproe)eKTUBHUX aBTOHOMHUX JKEPEI JKUBIICHHS, sIKi OyJu O mo30aBiieHi 03HaYeHUX MpodieM
Ta 3a0e3MevuyBaltyd MOKIMBICTh MPOBEACHHS 3BapIOBAIbHUX POOIT A5 BIHCHKOBUX Ta LUBIIBHUX MOT-
pe0, 6e3mepebiifHICTh eNeKTPOIIOCTaYaHHs B MOJFOBUX YMOBAX, € aKTyallbHUM.

AHaJi3 ocTaHHIX J0CTiIKeHb 1 myOaikamiii. Po3poOkoro i30mp0BaHuX aBOHANpaBieHUX AC-
DC neperBoproBadiB 3 MOKIHBICTIO €()EKTHBHOTO KEPYBaHHS IX pOOOTOIO Y BEIMKOMY Jiama3oHi pe-
KHUMIB 3aiMaroTbcsl 6araTto JOCIITHUKIB, OCKIJIBKH MEPETBOPIOBAUi 3 TAKUMH BJIACTHBOCTSMH MalOTh
MEPCTIICKTUBHA BUKOPHUCTAHHSA Y CUCTEMaX JKUBIICHHS €JIeKTpOoMOoOiTiB [1-5], B aBTOHOMHHX CHCTEMax
eJICKTPOKUBJICHHS [6-8] Ta cucTemMax HakomuyeHHs eHeprii [9, 10].

Bci 0e3 BUKITIOUEHHS ICHYIOU1 CXEMHI PillIeHHS 1 BiANOBIAHI CHCTEMH KEPYyBaHHS OPiEHTOBaHI Ha
BUKOHAHHSI TiIbKU OHI€T PYHKIIII: y3romKeHHs HKepesa MOCTIHHOT HanpyTrH (aKyMyJIsSTOpHOI OaTapei
(AKDB) uu muHM MOCTIHHOT HAIPYTH aBTOHOMHOT CUCTEMH €JIEKTPOKHUBIICHHS) 3 MEPEXKEI0 3MiHHOI Ha-
npyry 1 3a0e3MeYeHHs] KEPYBaHHS CIIOKUBAHOIO aKTHBHOIO Ta PEaKTUBHOIO MOTY>KHOCTSIMU MTPU HU3b-
KOMY PiBHI BUIIUX TapMOHIK MepexeBoro cTpymy. JKozeH 3 onucanux B [1-10] mepeTBoproBaviB He
MOJKE TIPAITIOBATH B aBTOHOMHOMY PEKHMi 0€3 TiAKIIOUeHHS 10 Mepexi. Jlo Toro Xk, mesKki mepcreKTh-
BHI CXEMHI pillieHHS, HAPUKiIaI, [ 1], 110 BiIPI3HAIOTHCS HEBEIMKOO KIJIBKICTIO CUIIOBUX KOMIIOHEHTIB,
HATOMICTh MalOTh Y€ CKJIaHi alTOPUTMH KEPyBaHHs, SIKi BUMararoTh IONepeIHiX PO3paxyHKiB 1 om-
THAMIi3aIlii 3 BAKOPUCTAHHAM BEJIHMKOT 00UHCITIOBAIEHOI MMOTYKHOCTI. Taki CHCTEMH MOXKYTh IEMOHCTPY-
BaTH HECTaOUTBHY pOoOOTY y HECTAI[IOHAPHUX PeKUMAaX.

[epeTBOproBay, onucanuii B [3], Mae mepeBary B TOMY, 10 B HbOMY 3a0e3MedeHo «M’sike» (ZVS)
NEPEKITIOYCHHS CUJIOBUX KJIIOUiB. AJI€ 1€ CIIOCTEPIra€Thes TIIBbKY B PEXXHUMI CIIO’KUBAHHS aKTUBHOI HO-
TY>KHOCTI Biff Mepexi. [Ipu 3MiHI 3HaKY aKTHBHOI IMTOTY>KHOCTI ZVS peXuM CTa€ HEMOKIIUBHM. A OCKi-
JBKY IS MiHIMI3alil BTpart B mepeTBoproBadi 3actocoBaHi BucokoBonbTHI MOSFET Tpan3ucropw, pe-
UM (GKOPCTKOT0» NEPEMHUKaHHS NPU3BEAe 10 aBapiiiHOro BUXOAY 3 JIady Yepe3 BEJIHKHH dac 3BOPOT-
HOTO BiTHOBJICHHS iX 3BOpoTHHX miofiB (body diodes).

[MepeTBoproBaui [6-8] MaroTh MPOMIXKHY JIAHKY ITyJIBCYIOUOT HANIPYTH 1, SIK HACIIAOK, 301IbIICHY
KiJIbKICTh HaIliBIPOBIIHUKOBUX KIIIOUiB y cHiIoBOMY Kodi. [TeperBoproBaui [4, 5, 9, 10] xoua i BuKoHaHi
3a {HILOIO TOMOJIOTI€I0, TEX XaPAKTEPHU3YIOTHCS BEIUKOIO KUIBKICTIO CHJIOBHX KIIIOYIB, YCKIaIHEHOIO
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KOHCTPYKIII€I0 BUCOKOYACTOTHOTO TpaHchopmaropa. [lepeTBoproBau [2] XapaKTepU3yETbCs PEKUMOM
POOOTH 3 «KOPCTKUMH» EPEMHUKAHHSIMY CHJIOBUX KOMITOHEHTIB, a TAKOXK HEOOXiTHICTIO 3aCTOCYBaHHS
cxeM OOMEXEeHHS Halpyrd NPy BUMKHEHHI CHJIOBHX TPaH3UCTOPIB MEPBUHHOTO KOJIA, IO BEIE IO
YCKIIQTHCHHS CXEMH 1 301TBIICHHAS BTPAT SHEPTii.

Cepen komepuiiHOro oONafHaHHS, MPHCYTHROTO HA PUHKY, € 3BapioBalibHI 1HBEPTOPHU
MicorStick 160 Accu-ready (Lorch, Himeuunna), AccuMax 150 (Castolin Eutectic Group, llIsefinapis),
AccuPocket 150/400 (Fronius, ABctpist), Tactical Welder (UltraTech International, Inc., CILIA), sxi
JIO3BOJISIIOTH BUKOHYBATH 3BapIOBaHHA BiJl akyMyJsiTopHHX Oartapeii. L{i iHBepTOpH NpaIioroTh 31 cre-
iagTbHAM OJIOKOM JITiH-10HHUX aKyMYJIATOPIB 1 HE MOXKYTh IPAIIOBATH BiJl O0pTOBUX OaTapeil cinbChb-
KOTOCIIOJ]apCHKOT Ta BiliCbKOBOT TeXHIKH. BOHM HE MOXYTh MPAIIOBATH B SKOCTI ITyCKO-3apSAIHHUX TIPH-
CTPOiB 1 THIM OiIbINIEe B SIKOCTI epeTBoproBada Hanpyru AKB TpancnoptHux 3aco6iB B 3MinHy 220 B
50 I'm.

Mera cTaTTi — TEOPETUYHUIN OMUC MIAXOMIB A0 PO3POOKH iIHBEPTOPHOTO JKEpelia KUBJICHHS 3
T IBUTIEHOIO €(PEKTUBHICTIO Ta €JIEKTPOMATHITHOIO CYMICHICTIO 3 €JIEKTPUIHOI0 MEPEXKEIO.

Buxkiaan ocnoBHoro matepiaiy. OCHOBHOIO 1JIS€10 CTATTI € CTBOPEHHS IHBEPTOPHOTO JKEpea 3
HiIBUIIEHOI0 e()EKTHBHICTIO Ta EJIEKTPOMArHITHOIO CYMICHICTIO 3 €IEKTPUYHOI0 Mepeskero. [1Jist 1boro
MIPOMOHYETHCS BUKOPUCTAHHS TOTIOJIOTI] PE30HAHCHOTO IMITYJIbCHOTO 06araTomopToBOTO ABOHAIPABIIE-
HOTO niepeTBoproBaya. [lepeBaraMu pe3oHaHCHHUX IEPETBOPIOBAYIB € HEBEIHKA KUTBKICTh CHIIOBUX KITIO-
4iB, 2 BUKOPUCTAHHS OPUTIHANBHOTO ANTOPUTMY KEepPYBaHHSA JO3BOJNUTH MiJBUIIUTH €HEProedeKTHB-
HICTh Ta 3a0€3MeYNTH HEBEINKI BTPATH €Hepril.

IcHye nBi mommMpeHi TOMOJNOTIi pe30HAHCHUX TMepeTBoproBadiB: KoHpiryparis LCC ta koH)ITy-
pauis LLC. Ilepmmuit (LCC) 3a3Bru4aii BUKOPHUCTOBYETHCS Y BUCOKOBOJIBTHHX JPKEpeax KUBJICHHS 3a-
BIISTKA OCOOJMBOCTSIM TepefaBalibHOI XapakTepucTuku. [pyruii — nepersoproBady LLC — Ginpm mpu-
WHATHHIA B IKOCTI OCHOBH 1HBEPTOPHOTO JKEpEITa KHUBICHHS IS 3BapIOBaHHS 3-32 MOXKIIMBOCTI BUKO-
PHUCTaHHS CHEIiaIbHOTO TpaHc(opMaTopa 3 MiABUIICHUM PO3CIFOBAHHSM, 1110 1a€ 3MOTY 3MEHIIMUTH Ki-
JBKICTh CHJIOBUX MarHiTHUX KOMIIOHEHTIB.

OCHOBHHMMH 3aCTOCYBaHHSIME PE30HAHCHUX MEPETBOPIOBAYIB € 3apsAaHI MPUCTPOI (Y TOMY YHCITi
aBTOMOO1IBHI), JDKEpesa XKHUBJICHHS JUIsl CBITIOAIOMHKUX JIaMII, JUKEpesia dKHUBJICHHS sl 1HAYKIIHHOTO
HarpiBanHs [11-20]. Kpim Toro, BaxknuBo, mo6 neperBoptoBad LLC Mir miaTprMyBaTH peryntOBaHHS
BUXI1/THOT HAaIIpYTH HaBiTh 32 YMOB HEBEIMKOTO HaBaHTaXeHHs [21].

Ha puc. 1 HaBeneHa 3amponOHOBaHA CXeMa JpKepesa JKUBIICHHS I 3BaproBaHHsA Ha 0a3i LLC
pe30oHaHCHOTO mnepeTBoproBayda. Jlkepeno ckinamaerbes 3 Bunpsamisada BRI, BukoHaHoro 3a cxemoro
Valley Fill (enementn VDI ... VD3, C1, C2, NTC1) [20, 21], HaBaHTa)k€HOT0 Ha HAIIBMOCTOBUH iH-
BepTop SB1 [22]. MepexeBa Hanpyra BUIPSIMIIIETHCS TioAHIM MocToM BR1 1 HamxomuTs Ha miogHO-
emuicHU kackax VD1...VD3, C1, C2, NTCI. 3apsan konuaercaropiB C1 ta C2 BinOyBaeThes mpH ix
nociigoBHoMy 3'eqaanHi yepe3 VD2 ta NTC1. Tepmictop NTC1 ciaykuTh 111 0OMEXEeHHS aMILTITy T
IMITyITECY CTPYMY MOYATKOBOTO 3apsIy KOHJIEHCATOPIB IIPH BKJIFOUEHHI JKEpEna B MEPEKY.

BRI Valley-Fill ‘ SB1 __BR2
§ LLC Tank and -
YiN ZS "J:CI y. N il | Transformer A A |
vm NTC1 VD3 V11, Cr Ls Tl C
- ) | | | | Y —
mains_ | t 3 ! T
& ! HC2 | N I i
| 1 L3I
VDIZR | = L J N
AN N VT2 AN AN :Irc

Puc. 1 — CxeMa 3ammponoHOBaHOTO JyKepera )KUBIICHHS IS 3BapIloBaHHs Ha 0a3i pe30oHaH-
cHoro LL.C nmepeTtBoproBauya

Pospsin kongencaropiB C1 ta C2 BigOyBaeThes MpH iX mapayiedbHOMY 3'eTHaHHI yepe3 aioau VD1
ta VD3. Hampyra Ha C1 1 C2 migTpuMy€eThecsl Ha piBHI MOJIOBUHH aMILTITY Iy Harpyru Mepexi. OTke,
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pH [Uyep| > 0.5-Um (Um — ammityaa Hanpyru mepeski) giogn VD1 i VD3 3akpuri 1 HaBaHTaXeHHS
(mamiBmict VT1VT2) sxuButbest Oe3nocepeanbo Big Mepexi yepe3 MicT BR1. ko [uyep| < 0.5-Um,
HaBaHTa)KEHHS KUBUTHCS Bix koHaeHcaTopiB C1 i C2 wepe3 VD11 VD3.

3aBAsKH TOMY, IO OUTBIIIICTh Yacy HaBaHTAKCHHS KUBUTHCS Bill Mepexi O0e3mocepeHbo, 3'sB-
JSIETHCSI MOKJIMBICTh KEPYBaHHS (POPMOIO KPUBOI CITOKHMBAHOTO CTPYMY 32 PaXyHOK MOAYJISIIT aKTHB-
HO1 IOTY>KHOCTI iHBepTOpa. Lle M103BoMMTh MiABUIINTH KOS(IIIEHT MOTYKHOCTI JKepeia i 3SHU3UTH CII0-
JKUBaHHUU BiJT MEPEXKi CTPYM 3a paxyHOK 3HIDKCHHSI HEAKTUBHOT TIOTY>KHOCTI.

Bunpsimiiena Harpyra HaJIXOAWTh Ha HalliBMOCTOBUH iHBepTOp SB1, BUKOHAHMI HA TPAH3HCTO-
pax VTI1 ta VT2. Bin HaBanTaxkenuii Ha pe3oHancHe LLC koo, mo yrBopeHe koHaeHcatopom Cg,
IHAYKTUBHICTIO Ls Ta IEpBUHHOIO 0OMOTKOIO BHCOKOYAaCTOTHOTO CHJIOBOTO TpaHcdopmaropa T1.

Hamismict SB1 mpamroe 3 koediriearom 3amoBHeHHS 50%, TIpy IbOMY 3MIHHAM ITapaMeTpoM €
4acToTa.

Jlns aHani3y nmporecis, AKi BilOYBaIOTHCS y IEPETBOPIOBAYI, CKOPHCTAEMOCS CXEMOIO 3aMillleHHSI,
MIPEJICTABICHOO Ha pUC. 2.

CR Ls L1 —LM LZ‘LM Lu
i

Cr Ry

€

Puc. 2 — Cxema 3aMillieHHsT BHCOKOYACTOTHOI YaCTHHHU TIEPETBOPIOBAaYa

Ha puc. 2 npuiinsati mozHavuenss: L1, L2 — iHAyKTUBHICTH MIEPBUHHOI Ta BTOPUHHOT 00MOTOK T1,
BimmoBigHO; Lm — B3aeMHa iHIyKTUBHICTH 00MOTOK T1; Cr — pe3oHaHCHA €MHICTh; Ls — pe3oHaHCHA
IHAYKTHBHICT, Ly — IHAYKTHBHICTh HaBaHTaXEHHs, Ry — eKBIBaJICHTHUI aKTHBHUN OIip HaBaHTa-
xeHHs (ayru); Cr — eMHICTB QiNbTPyIOUOro KOHIEHCaTOpa; €l — BUXigHa Hampyra HamiBMOCTOBOTO iH-
BEpTOpA.

3BaproBalIbHY JYTY 3 JOCTATHBOIO JJIsl MPAKTHYHUX PO3PAaXyHKIB 32 OCHOBHOIO TaPMOHIKOIO TO-
YHICTIO MOXKHA BBa)KaTH aKTUBHHM OIIOPOM, BPaxOBYIOUH, 110 TyTOBUH MPOMI’KOK HE BCTUTa€ JI€iOHi-
3yBaTHCS 32 Yac Mepexoqy CTpyMy uyepes3 Hyib. Ha puc. 2 nyra mpencraBieHa eKBiBaJIGHTHUM OIOPOM
Ryu. Ockinbku TIpu pyvyHOMY IyTOBOMY 3BaplOBaHHI HaIlpyra Ha my3i CTaHOBHUTH Onm3bko 30 B mpu
ctpymi 100...200 A, Ry Mae nmopsimok aecsatux gacrok Oma (0,15...0,3 Om).

[To3HaunMo omepaTOpHUIL OMip €IeMEHTIB IPaBoOpyH 3a cxeMoto Bil Lv (puc. 2) sk Zu(s), ne s —
orepatop neperBopeHHs Jlamnaca:

1
(LHS+RH)'$

Zp(s) = (Ly — Lyds + LHS+RH+$- (1)
3HaiieMo orrip, Ha SKW HABaHTAKEHO JKepeo el:
Z4(s) = (Ly — Ly + Lg)s + é + % @)
Tozi BUXiTHHIA CTPYM HAIMiBMOCTY BU3HAYATHMETHCS SIK:
L(s) = 22 3)

Zy(s)
3rimHo 10 0aNaHCy aKTHBHOI MOTY)KHOCTI, MOXHA 3aIlMCaTH, IO BCS aKTHBHA TOTYXKHICTH, SKa

po3BuBaeThes mxepenaoMm EPC, suninatumerscs B Ry. Ane ockinbku Ry 11e omip Ayru, TO sl MOTYKHICTh
1 Oyie KOPHCHOIO.
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HJ’IH CPIHyCOI,Z[HOl"O PEXKUMY 3 KYTOBOXO HaCTOTOIO @ MOJKHA 3allCaTHU:
P(w) = Re (Ey(j) - [, ), @)

ne I w) — cipsxenuii koMraexc cTpymy /).

[InsxoM 3MiHM YaCTOTH MOYKHA B IIUPOKHUX MEXKaX PETYIIIOBATH MOTYKHICTB, 110 BUALIIETHCS Y
HaBaHTa)XeHHI. Ha mpakTuil HWKHSA Mexa poOoUoi YaCTOTH BU3HAYAETHCS 32 YMOBOIO HACHUCHHS Mar-
HITOIIPOBOAY CHJIOBOTO BUCOKOYACTOTHOTO TpaHchopMaropa, a BEpXHs — 00MEKY€ETbCs KiTbKoMa (ak-
TOpaMH: I BTPATH MEPEMHUKaHHS B CHJIOBUX KIIIOYAX, IIBUIKOJIS CHCTEMU KEPYBaHHS Ta BTPaTH Ha
nepeMarHiuyBaHHs ocepas TpaHcopmaTopa.

Oco0MBY yBary Ciia MPUIUIATH €JIEKTPOMATHITHIH CYMICHOCTI pO3pOOJICHOTO JKEpea KUB-
neHHs. BukopucTaHHs macuBHOT KOpeKIii koedilieHTa noTy)HocTi (Bunpsmisiua BR1, Bukonanoro 3a
cxemoto Valley Fill) no3Bonuio 3MeHIINTH Koe(ilieHT HECHHYCOiJHOCTI BXiIHOTO CTPYMY.

[TepeBipka poboTH pO3poOIECHOTO HKEepera KUBICHHS MPOBEcHA 32 JOIIOMOTOI0 iMITaIliIHHOTO
Mo ieoBaHHs 3acobamu Matlab Simulink. Mopess 3anpornoHOBaHOTO JKepesia )KUBJICHHS Ha 0a3i pe-
3oHancHoro LLC nepeTrBoproBaya HaBeaeHa Ha pucC. 3.
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Puc. 3 — ImiTariiitna MoJieIs 3aIIpoITOHOBAHOTO JKepenia skuBieHHs y Matlab Simulink

B Tabnuii HaBeeHI TapaMeTpy EIIEMEHTIB CXEMU 3aIIPOIIOHOBAHOTO JKEepeJia )KUBJICHHS Ha 0a3i
pe3onancHoro LLC nepeTBoproBaya, 1110 BUKOPUCTaH1 ISl IMITAllifHOTO MOJICTFOBAHHS.

Tabmums
[TapameTpu MOJEIIOBAHHS
[TapameTp Benuunna

BuxinHa Hanpyra Vou, V 30

Onip HaBaHTaKEHHS Rioad, Ohm 0.15
YacroTa nepeMuKaHHs fiw, kHz 46.5
€MHICTh pe30HAHCHOTO KOHJIeHCAaTopa C;, uF 0.47
[aaykTuBHICTSE (TIOCHimOBHA) pe3oHAHCHOTO | L, uH 27.3

KoJia

[aaykTuBHICTE (mapanenbHa) pe3oHaHcHoro | Ly, uH 296

KoJia

Puc. 4 neMoHCTpye BHXI/IHI XapaKTEPUCTUKU pO3pOOIICHOTO JKEepea KUBIICHHS Ha 0a3i pe3oHa-
HcHoro LLC neperBoproBaua. KoedilieHT HECHHYCOITHOCTI CIIOKMBAHOTO CTPYMY 32 paXyHOK IacHB-
HOT KOPEKITii KoediIlieHTa MOTYKHOCTI 3a pe3yIbTaTaMH MOJICTIOBAHHS 3MEHIITUBCS Maibke B 3 pasu y
NOPIBHSHHI 3 JUKEPEJIOM JKUBJICHHS 0€3 KopeKTopa KoeillieHTa MOTYKHOCTI.
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Puc. 4 — PesynbTaty MOieIIOBaHHS — BUXiHI IapaMeTpH

Buxopucranns cxemu Valley-Fill y mkepeni ®uBiieHHS 3BaplOBaIbHOTO arapary J03BOJIs€E 30i-
JBITUTH HOTO KOe(illiEHT MOTYKHOCTI Ta 3HU3UTH CIIOKHBAHUHN CepeIHBOKBAIpaTHIHUN CTpyM. Jlims
PETYIIOBaHHS CTPYMY JAYT'M MOXIIMBI SIK MIHIMYM JIBa CIIOCOOH: TIEPIIHiA — IIe YCYHEHHs po00401 yac-
TOTH BUIIIE TIOCTiOBHOI pe3oHaHCHOI yacTtoTh (f2). Xoua el MeTox OYeBUIHMIA 1 TPOCTUH, BIH Mae
CYTTEBUH HEJOJIIK — ITiIBUIIEHI KOMYTAaIliifHI BTpaTH (depe3 pi3ke BiIKIIFOUCHHS CHIIOBHX TPAH3UCTOPIB
1 301IBIIICHHS YACTOTH).
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CXEMH 3aMIIlleHHS 110 OCHOBHi# rapMoHitti. [IpoBemeno imiTariifiHe MOACITIOBaHHS, B PE3YJIBTATI SIKOTO
JIOBEJICHO ITiIBUIIICHHS KOS(II[IEHTa MOTYKHOCTI 3alPOIIOHOBAHOTO KEPESia XKUBJICHHS Ta 3MEHILICHHS
KoedilieHTa HECUHYCOITHOCTI CIIOXHBAHOTO BiJl MEPEXKi CTPYyMY.

Iepeitik BUKOPHCTAHMX JIZKepe:

1. A bi-directional single-stage isolated AC-DC converter for EV charging and V2G / B. Koushki, A.
Safaee, P. Jain, A. Bakhshai // IEEE Electrical Power and Energy Conference (EPEC). — 2015. —
Pp. 36-44. — Mode of access: https://doi.org/10.1109/EPEC.2015.7379924.

2. Prasanna U.R. Novel Bidirectional Single-phase Single-Stage Isolated AC—DC Converter With PFC
for Charging of Electric Vehicles / U.R. Prasanna, A.K. Singh, K. Rajashekara // IEEE Transactions
on Transportation Electrification. — 2017. — Vol. 3, no. 3. — Pp. 536-544. — Mode of access:
https://doi.org/10.1109/TTE.2017.2691327.

3. Jauch F. Single-phase single-stage bidirectional isolated ZVS AC-DC converter with PFC /
F. Jauch, J. Biela // 15th International Power Electronics and Motion Control Conference
(EPE/PEMC). - 2012. - Pp. LS5d.1-1-LS5d.1-8. - Mode of  access:
https://doi.org/10.1109/EPEPEMC.2012.6397479.

4. Bi-Directional Single-Stage Interleaved Totem-Pole AC-DC Converter with High Frequency Isola-
tion for On-Board EV Charger / H. Belkamel, K. Hyungjin, K. Beywongwoo, Y. Shin, S. Choi //
IEEE Energy Conversion Congress and Exposition (ECCE). — 2018. — Pp. 6721-6724. — Mode of
access: https://doi.org/10.1109/ECCE.2018.8557933.

5. A Bidirectional Soft-Switched DAB-Based Single-Stage Three-Phase AC-DC Converter for V2G
Application / D. Das, N. Weise, K. Basu, R. Baranwal, N. Mohan // IEEE Transactions on Trans-
portation Electrification. — 2019. — Vol. 5, no. 1. — Pp. 186-199. — Mode of access:
https://doi.org/10.1109/TTE.2018.2886455.

6. Isolated single stage bidirectional AC-DC converter with power decoupling and reactive power con-
trol to interface battery with the single phase grid / D. Sal y Rosas, D. Frey, J. Schanen, J. Ferrieux
/I IEEE Applied Power Electronics Conference and Exposition (APEC). — 2018. — Pp. 631-636. —
Mode of access: https://doi.org/10.1109/APEC.2018.8341078.

7. High-Efficiency Isolated Bidirectional AC-DC Converter for a DC Distribution System / H. Kim,
M. Ryu, J. Baek, J. Jung // IEEE Transactions on Power Electronics. —2013. — Vol. 28, no. 4. — Pp.
1642-1654. — Mode of access: https://doi.org/10.1109/TPEL.2012.2213347.

126



BICHUK ITPUA3ZOBCBKOI'O JEP)KABHOI'O TEXHIYHOI'O YHIBEPCUTETY

2021p. Cepisi: Texniuni Haykun Bumn. 43

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

p-ISSN: 2225-6733; e-ISSN: 2519-271X

Prashanthi Y. Bidirectional AC-DC Converter for a DC Distribution System / Y. Prashanthi, K.
Suman // National Conference Proceeding NCESTFOSS. —2017. — Pp. 119-129.

A Single-Stage Three-Phase Bidirectional AC/DC Converter With High-Frequency Isolation and
PFC / B.R. de Almeida, J.W.M. de Aratijo, P.P. Praga, D. de S. Oliveira / IEEE Transactions on
Power Electronics. — 2018. — Vol. 33, no. 10. — Pp. 8298-8307. — Mode of access:
https://doi.org/10.1109/TPEL.2017.2775522.

Deshpande P.P. A Matrix based Isolated Bidirectional AC-DC Converter with LCL type Input Filter
for Energy Storage Application / P.P. Deshpande, A.K. Singh, S.K. Panda // International Power
Electronics Conference (IPEC-Niigata 2018 - ECCE Asia). — 2018. — Pp. 4186-4192. — Mode of
access: https://doi.org/10.23919/IPEC.2018.8507367.

A novel single-stage LLC resonant AC-DC converter with power factor correction feature / C.
Chang, H. Chen, C. Cho, J. Chiu // 6th IEEE Conference on Industrial Electronics and Applications,
2011. — Pp. 2191-2196. — Mode of access: https://doi.org/10.1109/ICIEA.2011.5975954.

Wang H. Design considerations for a level-2 on-board PEV charger based on interleaved boost PFC
and LLC resonant converters / H. Wang, S. Dusmez, A. Khaligh // IEEE Transportation Electrifi-
cation Conference and Expo (ITEC). — 2013. — Pp. 1-8. — Mode of access:
https://doi.org/10.1109/ITEC.2013.6574508.

Fuhr T. Innovative Single Stage Isolated AC/DC Converter with Power Factor Correction / T. Fuhr,
T. Kupka // 20th International Scientific Conference on Electric Power Engineering (EPE). — 2019.
— Pp. 1-4. — Mode of access: https://doi.org/10.1109/EPE.2019.8778151.

Lin W. A Single-stage PFC by Integrating quasi-Bridgeless Boost and LLC Converter / W. Lin, H.
Chen, Y. Fang // IEEE International Telecommunications Energy Conference (INTELEC). —2018.
— Pp. 1-5. — Mode of access: https://doi.org/10.1109/INTLEC.2018.8612422.

Pandey R. A Power Factor Corrected Electric Vehicle Battery Charger Using Boost Converter / R.
Pandey, B. Singh // 8th IEEE India International Conference on Power Electronics (IICPE). —2018.
— Pp. 1-6. — Mode of access: https://doi.org/10.1109/1ICPE.2018.8709526.

Phadungthin R. Application study on induction heating using half bridge LLC resonant inverter / R.
Phadungthin, J. Haema // 12th IEEE Conference on Industrial Electronics and Applications (ICIEA).
—2017.—Pp. 1582-1585. — Mode of access: https://doi.org/10.1109/ICIEA.2017.8283090.

A mathematical guideline for designing an AC-DC LLC converter with PFC / Y. Qiu, W. Liu,
P. Fang, Y. Liu, P.C. Sen // IEEE Applied Power Electronics Conference and Exposition (APEC).
—2018. —Pp. 2001-2008. — Mode of access: https://doi.org/10.1109/APEC.2018.8341292.

Fan Sh. Analysis and design of LLC resonant converter for electron beam welding filament power
supply / Sh. Fan, B. Cai, Z. Wang // International Conference on Electrical Machines and Systems
(ICEMS). - 2013. - Pp. 2153-2155. - Mode of access:
https://doi.org/10.1109/ICEMS.2013.6713204.

Singh B. Improved power quality buck-boost converter fed LLC resonant converter for induction
heater / B. Singh, R. Pandey // IEEE 6th International Conference on Power Systems (ICPS). —2016.
— Pp. 1-6. — Mode of access: https://doi.org/10.1109/ICPES.2016.7584248.

Control Design and Performance Analysis of a Double-Switched LLC Resonant Rectifier for Unity
Power Factor and Soft-Switching / G. Zhang, J. Zeng, S.Sh. Yu, W. Xiao, Bo Zhang, Si-Zhe Chen,
Y. Zhang // IEEE Access. — 2020. — Vol. 8. — Pp. 44511-44521. — Mode of access:
https://doi.org/10.1109/ACCESS.2020.2978030.

Resonant LLC Converter [Electronic resource]: [Website]. — Electronic data. — Mode of access:
https://www.mathworks.com/help/physmod/sps/ug/resonant-llc-converter.html.

Haque A. Valley-Fill Circuit for Power Quality Improvement / A. Haque // IJIRST — International
Journal for Innovative Research in Science & Technology. — 2016. — Vol. 2, iss. 09. — Pp. 223-227.

References:
Koushki B., Safaee A., Jain P., Bakhshai A. A bi-directional single-stage isolated AC-DC converter
for EV charging and V2G. IEEE Electrical Power and Energy Conference (EPEC), 2015, pp. 36-
44, doi:10.1109/EPEC.2015.7379924.

127



BICHUK ITPUA3ZOBCBKOI'O JEP)KABHOI'O TEXHIYHOI'O YHIBEPCUTETY

2021p. Cepisi: Texniuni Haykun Bumn. 43

10.

11.

12.

13.

14.

15.

16.

17.

18.

p-ISSN: 2225-6733; e-ISSN: 2519-271X

Prasanna U.R., Singh A.K., Rajashekara K. Novel Bidirectional Single-phase Single-Stage Isolated
AC-DC Converter With PFC for Charging of Electric Vehicles. IEEE Transactions on Transporta-
tion Electrification, 2017, vol. 3, no. 3, pp. 536-544. doi:10.1109/TTE.2017.2691327.

Jauch F., Biela J. Single-phase single-stage bidirectional isolated ZVS AC-DC converter with PFC.
15th International Power Electronics and Motion Control Conference (EPE/PEMC), 2012, pp.
LS5d.1-1-LS5d.1-8. dei:10.1109/EPEPEMC.2012.6397479.

Belkamel H., Hyungjin K., Beywongwoo K., Shin Y., Choi S.Bi-Directional Single-Stage Inter-
leaved Totem-Pole AC-DC Converter with High Frequency Isolation for On-Board EV Charger.
IEEE Energy Conversion Congress and Exposition (ECCE), 2018, pp. 6721-6724.
doi:10.1109/ECCE.2018.8557933.

Das D., Weise N., Basu K., Baranwal R., Mohan N. A Bidirectional Soft-Switched DAB-Based
Single-Stage Three-Phase AC-DC Converter for V2G Application. /EEE Transactions on Trans-
portation Electrification, 2019, vol. 5, no. 1, pp. 186-199. doi:10.1109/TTE.2018.2886455.

Sal y Rosas D., Frey D., Schanen J., Ferrieux J. Isolated single stage bidirectional AC-DC converter
with power decoupling and reactive power control to interface battery with the single phase grid.
IEEE Applied Power Electronics Conference and Exposition (APEC), 2018, pp. 631-636.
doi:10.1109/APEC.2018.8341078.

Kim H., Ryu M., Baek J., Jung J. High-Efficiency Isolated Bidirectional AC-DC Converter for a
DC Distribution System. /EEE Transactions on Power Electronics, 2013, vol. 28, no. 4, pp. 1642-
1654. doi:10.1109/TPEL.2012.2213347.

Prashanthi Y., Suman K. Bidirectional AC-DC Converter for a DC Distribution System. National
Conference Proceeding NCESTFOSS, 2017, pp. 119-129.

De Almeida B.R., De Araujo J.W.M., Praga P.P., De S. Oliveira D. A Single-Stage Three-Phase
Bidirectional AC/DC Converter With High-Frequency Isolation and PFC. IEEE Transactions on
Power Electronics, 2018, vol. 33, no. 10, pp. 8298-8307. di:10.1109/TPEL.2017.2775522.
Deshpande P.P., Singh A.K., Panda S.K. A Matrix based Isolated Bidirectional AC-DC Converter
with LCL type Input Filter for Energy Storage Application / P.P. Deshpande. International Power
Electronics Conference (IPEC-Niigata 2018 - ECCE Asia), 2018, pp. 4186-4192.
doi:10.23919/IPEC.2018.8507367.

Chang C., Chen H., Cho C., Chiu J. A novel single-stage LLC resonant AC-DC converter with
power factor correction feature. 6th IEEE Conference on Industrial Electronics and Applications,
2011, pp. 2191-2196. doi:10.1109/ICIEA.2011.5975954.

Wang H., Dusmez S., Khaligh A. Design considerations for a level-2 on-board PEV charger based
on interleaved boost PFC and LLC resonant converters. IEEE Transportation Electrification Con-
ference and Expo (ITEC), 2013, pp. 1-8. d0i:10.1109/ITEC.2013.6574508.

Fuhr T., Kupka T. Innovative Single Stage Isolated AC/DC Converter with Power Factor Correc-
tion. 20th International Scientific Conference on Electric Power Engineering (EPE), 2019, pp. 1-4.
doi:10.1109/EPE.2019.8778151.

Lin W., Chen H., Fang Y. A Single-stage PFC by Integrating quasi-Bridgeless Boost and LLC Con-
verter. [EEE International Telecommunications Energy Conference (INTELEC), 2018, pp. 1-5.
doi:10.1109/INTLEC.2018.8612422.

Pandey R., Singh B. A Power Factor Corrected Electric Vehicle Battery Charger Using Boost Con-
verter. 8th IEEE India International Conference on Power Electronics (IICPE), 2018, pp. 1-6.
doi:10.1109/IICPE.2018.8709526.

Phadungthin R., Haema J. Application study on induction heating using half bridge LLC resonant
inverter. 12th IEEE Conference on Industrial Electronics and Applications (ICIEA), 2017, pp. 1582-
1585. doi:10.1109/ICIEA.2017.8283090.

QuuY., Liu W, Fang P., Liu Y., Sen P.C. A mathematical guideline for designing an AC-DC LLC
converter with PFC. IEEE Applied Power Electronics Conference and Exposition (APEC), 2018,
pp- 2001-2008. doi:10.1109/APEC.2018.8341292.

Fan Sh., Cai B., Wang Z. Analysis and design of LLC resonant converter for electron beam welding
filament power supply. International Conference on Electrical Machines and Systems (ICEMS),
2013, pp. 2153-2155. doi:10.1109/ICEMS.2013.6713204.

128



BICHUK ITPUA3ZOBCBKOI'O JEPKABHOI'O TEXHIYHOI'O YHIBEPCUTETY
2021p. Cepisi: Texniuni Haykun Bumn. 43
p-ISSN: 2225-6733; e-ISSN: 2519-271X

19. Singh B., Pandey R. Improved power quality buck-boost converter fed LLC resonant converter for
induction heater. I[EEE 6th International Conference on Power Systems (ICPS), 2016, pp. 1-6.
doi:10.1109/ICPES.2016.7584248.

20. Zhang G., Zeng J., Yu S.Sh., Xiao W., Zhang Bo, Chen Si-Zhe, Zhang Y. Control Design and Per-
formance Analysis of a Double-Switched LLC Resonant Rectifier for Unity Power Factor and Soft-
Switching. [EEE Access, 2020, vol. 8, pp. 44511-44521. doi:10.1109/ACCESS.2020.2978030.

21. Resonant LLC Converter Available at: www.mathworks.com/help/physmod/sps/ug/resonant-llc-
converter.html (accessed 15 May 2021).

22. Haque A. Valley-Fill Circuit for Power Quality Improvement. LJIRST — International Journal for
Innovative Research in Science & Technology, 2016, vol. 2, iss. 09, pp. 223-227.

Penenzent: O.B. JlaBpoBa
II-p TeXH. HayK, gou., ABH3 «I[IATY»
Crarrs gamitinmuia 01.10.2021

YK 621.316.716.2 doi: 10.32782/2225-6733.43.2021.16
© Be33y6 M.A.!, Bsioopxkecskuii O.B.%, Toxopos O.B.2, Pesa I.B.*

JOCIIAKEHHSA @ YHKIIOHYBAHHA ITIOCJIOBHOI'O CHJ10BOTI'O
AKTHUBHOI'O ®1VIBTPA 3A YMOBHU PI3BHUX IIOKA3ZHUKIB
BIJIXWJIEHHA AKOCTI EJIEKTPUUYHOI EHEPTII

Y pobomi nposedeno docridocenns yHKYioHy8aHHI NOCAIO08HO2O CUNOBO20 AKIMUBHO20
Ginompa 3a ymosu il 8iOXUNIEHb NEGHUX NOKAZHUKIE AKOCMI eleKMPUUHOT eHepaii 8 Mepe-
Jrcesil nanpysi. [[na eusasienHs cCnOmeoper s Hanpyeu UKOPUCMAHO Ni0Xi0, 3ACHOBAHULL
Ha npoyedypi nepemeopenns Ilapka, peanizosano moodeisb 8i0no6ionoi niocucmemu. @op-
MYBAHHS IMIYTIbCIE KEPYBAHHS MPAHZUCTHOPAMU NOCTIO0BHO20 CUN08020 AKMUBHO20 (Dillb-
mpa 6UKOHAHO 31 3ACMOCYBAHHAM Memody pereliHo2o pe2ynioganis. /s 0ocniodlceHHs.
eheKmusHOCmi 3anPONOHOBAHO20 NOPAOKY KOMHEHCayii 3 YPaxy8anHaAM (DYHKYIOHY8AHHS
CUNIOB0I YACMUHU ROCIO0BHO20 CUNOBO20 AKMUBHO20 (Pintbmpa cunme3o6ano modens. Cu-
cmema 3abe3neuye cmadinizayilo Hanpyeu npu NepesUUieHH i, SHUNCEHH] M KOJIUBAHHSX
Hanpyau 8i0HOCHO 3A0AH020 PieHA. 3a yMoeu peaunizayii npoyecy cumempys8auHs i03HA-
YeHO ICIMOmMHe NOSIPULEHHS BILACTMUBOCEN 3aNPONOHOBAHO20 PIULeHHS ) pa3i HAA8HOCHI
CKA008UX HYIb0BOI NOCAI008HOCII. Y npoyeci 00CAi0NCeH S HeCUHYCOI0ATbHOCMI 6CMA-
HOBNIEHO, W0 pinbmpayis KOPOMKOUACHUX IMAYIAbCIG HANPY2U He BUKOHYEMbCS, OCKIIbKU
CHEeKmp Makux iMnyavCie 0yaHce WUpoKui.

Kntrouoei cnoea: nocniooeruil cunoguii akmuerutl Qitbmp, AKicmeb eleKmpoeHepeii, Kom-
neHcayis, peneline pe2ynosauts, nepemeopents llapka.
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functioning study under conditions of different indicators of power quality deviation.
The purpose of the work is to develop a series active power filter control system to ensure
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