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CJICKTPOMATHITHUX 3aBaJl CTBOPIOBAHUX IMITYJIbCHUMH JDKEpEIaMU KUBJICHHS. —
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VYkpainu, Kuis, 2021.

HaykoBy HOBU3HY AucepTallii 1eMOHCTPYIOTh HACTYITHI pe3yIbTaTH:

1. Ilpoeneno pocnimkeHHs BBy Tomonorii DC/DC-neperBoproBaua Ha
piBeib EM3  (enekTpomMarHiTHUX 3aBaj) 3a CTalIMX [apaMmeTpiB
nepeTBOpIoBaya.

2. IlpoBeneHo JOCHIKEHHST BIUIUBY YacTOTH KOpeKTopa KoedilieHTa
notyxHocTi Ta yactotu DC/DC-niepeTBoproBaya, 10AaHOTO MOCIII0BHO, Ha
PIBEHb CTBOPIOBAHUX 3aBa]l.

3. BukoHaHO MOCHTIDKEHHS BIUTUBY TEXHOJIOTII PO3MHTTS CIIEKTPY B 000X
DC/DC-nepetBoproBauax iMImyIbCHOTO JKEpEsa HKUBICHHS.

4. OTpuMaio MOAANBIIOTO PO3BUTKY TOCHIKEHHS CHEKTPIB CUTHAIY MEpexi
JKUBJICHHS Ha BXOJi TIEPETBOPIOBaYa 3 KOPEKTOPOM 13 TPaHUYHUMU
3HAYEHHSIMH perjiaMeHTOBaHUMU cTtaHaaptamMu EMC.

5. CTBOpEHO HOBY MOJE€Nb A AOCHIIHKEHHS BIUIMBY pI3HUX MarepialiB
ocepas DC/DC-neperBoproBava 3 HEJIIHIHHOI 1HIYKTHUBHICTIO Ha piBEHb
€MITOBAaHUX KOHJAYKTHBHUX 3aBaJl, Ta BUKOHAHO JOCIHIKEHHS BILTUBY
napameTpiB MAarHiTHOIO OCepjisi Ha pIBEHb, CTBOPIOBAHUX IMITYJIbCHUMH
nepeTBoproBadamMu eneprii, EM3, mo He Mae aHanoriB y myOikamisix 3a
JTAHOIO TEMATHUKOIO.

6. Po3pobiieHo MeTOAMKY, 0 HAJa€ MOXIJIMBICTH PO3POOUTH BXIAHUN (PLIBTP
13 ypaxyBaHHSM BXIJHOTO IMIIEIaHCY CHCTEMH JIIHIMHOI cTabumizarii as

HEO0OX1THOTO CTaHJapTYy.



7. Bmepie BcTaHOBIIEHO HEOOXI1IHICTh BUKOPUCTAHHS PEAIbHUX KOMITOHEHTIB
Uit TOOYZOBM CHUCTEMH JIHIMHOI cralumizarmii IMIemancy y Xomi
JTOCITIKEHHS DC/DC-neperBoproBauiB [UIIXOM IMITAII{HOTO
MOJICTIOBAaHHSI.

8. IlpoBeneHuit aHagi3 HaJaB MOXKIMBICTE CHOPMYIIOBATH pPEeKOMEHAIll
00 cTBopeHHst edekTuBHOI cTpykTypu AC/DC-nieperBoproBauiB, a came
y SIKOMY 13 BY3JiB JOIIIBHO BUKOPHCTOBYBAaTH PO3MHUTTS CIEKTpPYy, Ta
Halikpamie 3 To4ykd 30py EM3  chHiBBiJHOIIEHHS pOOOYMX YACTOT
NEPETBOPIOBAYIB.

9. Po3pobiieHo pexoMeHaarii moa0 migdopy KOHCTPYKTHBHUX TMapaMeTpiB Ha
eTami MOJICIIOBAHHS KOTYIIKM 1HAYKTUBHOCTI y ckiagi DC/DC-
NepeTBOpIOBaYa HAMPYTH, MO JO3BOJIATH 3a0€3MEUUTH HAWHUKYUN PIBEHb
CTBOPIOBAHHUX 3aBa/l.

10. Briepie po3pobiieHO psiji peKoOMeHallii o0 Budopy Tomnodorii DC/DC-
MepPEeTBOPIOBaYa, IPH BHUKOPUCTAHHI SKUX JOCATAETHCS HAWHWKYWAN PiBEHBb

CTBOPIOBAHUX KOHAYKTHBHHX 3aBa/l.

Y nucepramiiiHii poOOTI BHUKOHAHO JOCHIDKCHHS E€JEKTPOMArHITHUX
MPOLIECIB Yy IMIYJIbCHUX JDKEpeax >KUBJICHHS, PO3POOKY METOMIB 3MEHIICHHS
piBHS KOHIYKTHBHHX 3aBajl, Ta CTBOPEHHS PEKOMEHMIAIINA IS TMPOCKTYyBaHHS
IMITyJIbCHOTO JDKepesa »KUBJEHHS, [0 BIAMOBIJA€ HOPMaM €JIEKTPOMArHiTHOI
CYMICHOCTI, WHIO0 CTOCYIOTBCS €MITOBAHOTO CIHEKTPYy KOHAYKTHBHOI 3aBajiH,
30KpeMa, 1070 BMOOpY TOIOJOTIi MEepeTBOpIOBaYa HAMpyru y CKiadl JpKepena
JKMBJICHHS, BIUIMBY TEXHOJIOTIl PO3IIMPEHHS CIEeKTpy curHany 3aBaau B AC/DC-
MepeTBOpIOBaYax 13 KOPEKTOpOM KoedillieHTa TOTY>KHOCTI Ta BU3HAYCHHS
ONTUMAJIBHOTO, 3 TOYKH 30py pPIBHS CTBOPIOBAHUX KOHAYKTHBHUX 3aBall,
CHIBBIIHOIIIEHHS POOOYMX YacCTOT TEPETBOpPIOBAYa HAMNPYTW Ta KOPEKTopa
Koe(illieHTa MOTYXHOCTI, BHOOpPY CTPYKTYpHHUX [MapamMeTpiB  HEJIiHIHHOT
inayktuBHocTi, y ckiaaai DC/DC-nepetBoproBava, 3aaisi 3MEHIICHHS PiBHS

CTBOPIOBAHHUX 3aBa/l,



3MICT AMCEPTALIHOIO OCHIKEHHS BUKIAJACHUNA Y YOTHPbOX PO3MiIax, y
SKHX IPOJAEMOHCTPOBAHO Ta OOIPYHTOBAHO OCHOBHI Pe3yJIbTaTH POOOTH.

Y  Berymi  OOTpyHTOBaHO — aKTyallbHICTh  JIUCEpTAlliiHOT  PoOOTH,
chopMyITLOBAaHO METY Ta C(POPMYIIBOBAHO 3a/1adi JOCIHIKEHHS, OTTMCAHO METOIU
JOCIIIJIKEHHS, HaJlaHa 1H(dopMaIlisi Mpo HaAyKOBY HOBU3HY Ta MPAKTHYHE 3HAYEHHS
OJIep>KaHUX PE3YJIbTATIB.

Y mepmioMy po3mii BUKOHAHO OTJISA — OCTaHHIX — myOmikamin 3
JOCIIJIKEHHSIMA METO/IIB 3MEHIICHHS PIBHS KOHAYKTHUBHHUX 3aBaj] Y IMITYJIbCHHUX
JoKEpeliaXx JKUBJICHHs. 30KpeMa PO3TISHYTO POOOTH, IO MICTATHh OCHIKCHHS
IIOJI0  BHKOPHCTaHHS  TexHoJiorii  posmmupenHs crnektpy y  DC/DC-
NepEeTBOPIOBAaYaX, BUKOPUCTAHHSI METOJIy CTPUOKOMNOAIOHOTO NEepeHalallTyBaHHs
yacToTd. OOroBOpeHO HEOOXIMAHICTh OUIBII JETAIBHUX JTOCHIIKEHb BIUIMBY
TEXHOJIOTIT PO3IIMPEHHs CcrekTpy curHany 3aBagaun B AC/DC-nepetBoproBayax i3
KOPEKIIi€l0 Koedili€HTa MOTY>KHOCTI Ta MOJIUBOCTI, IO CTAHYTh JOCTYITHUMH Y
pe3yabTaTi TAKUX JAOCIIIKEHb.

VY npyromy po3nuii MPOBEACHO JOCTIIKEHHS METOAY PO3MUTTS CHEKTPY Y
IMITyJIbCHOMY JIPKE€pENl JKUBJIEHHS 13 KOPEKTOpPOM Koe(illieHTa MOTY>KHOCTI,
[UIIXOM IMITaIlIHHOTO MOJAENOBaHHsA. OTpUMaHO MOJENb JDKEpesia KUBJICHHS 13
MOKpAIIeHUMH  TIOKa3HHKaMU  €JEKTPOMArHiTHOI ~ CyMiCHOCTI.  BusznadeHo
CIIBBITHOIIIEHHS POOOYMX 4YaCTOT TMEPETBOPIOBAaYa Ta KOPEKTOpa, MPU SIKOMY
CIIOCTEPITAEThCS HAWHIKYMW  PIBEHb CTBOPIOBAHMX KOHIYKTUBHUX 3aBa]l.
Bu3nadueHa MOITBHICTE BUKOPUCTAHHS PO3MUTTS CHEKTPY y BY3JaxX YIPaBIiHHS
KOPEKTOPOM Ta mepeTBoproBadeM Hanpyru. CeKTpu CUTHAITY 3aBaji CTBOPIOBAHHX
MEepPEeTBOPIOBAYEM, OTPHMMaHI B PE3yJIbTaTi EKCIIEPUMEHTIB, TOPIBHAHO 13
I'PaHUYHUMH 3HAYEHHSMHU PIiBHS CTBOPIOBAHMX KOHAYKTHBHUX 3aBaj] CTaHIAPTY
EMC, Ta 3po0ieHO BHCHOBKM IMOAO HEOOXITHOCTI BHKOPHUCTAHHS BXITHOTO
MPOTU3aBATHOTO PIIBTpA.

VY TperboMy pO3AiTI MPOBEACHO MOCHTIHKEHHS CTPYKTYPH IEPETBOPIOBAYIB
HaAIMpyrd BITHOCHO CTBOPIOBaHMX 3aBaj. JlOCHIPKEHO BIUIMB TOTMOJOTIM PI3HHUX

(GyHKUIOHATBHUX TPYN Ta HENIHIWHOT 1HAYKTUBHOCTI Yy CKJIaJll MEpeTBOprOBaya



Hampyru 13 BUKOpUCTaHHSAM Mozaeni Yana. Bu3HaueHO BIUTUB KOXHOTO
KOMIIOHEHTa TOMOJIOTIi Ha PiBEHb 3aBaJl, IUIAXOM JOCIIIKEHHS TOMOJIOTINA Pi3HUX
CTPYKTYpHHX TPyl DC/DC-nepetBoproBauiB. Y KOXHIH IpyIli BU3HAYCHO
HaliKkpaii, 13 TOYKH 30py CTBOPIOBaHUX 3aBaj, Tomnousorii. CdopMyab0BaHO
peKoMeHalli moAo BUOOPY SK (GYHKIIOHATBHOTO TaK CTPYKTYPHOTO THILY
TOTOJIOTIi TEepeTBOpIOBaYa HA €Tami KOHCTPYIOBaHHS JUKepesla IKUBICHHS.
Po3paxoBaHO onTuManbHy, 13 TOYKHA 30py CTBOPIOBAHMX 3aBaj, IIHPUHY 3a30PY
KOTYIIKM  1HAYKTHBHOCTI JUIsi  pI3HUX MaTepiainiB  ocepasd. [IpoBeneHo
nopiBHsIbHUN  aHamiz wMoxeneit DC/DC-meperBopioBadiB i3 HENIHIHHOIO
IHAYKTUBHICTIO 13 PI3HUMHU MaTepiajaMud ocepis. BHU3HaueHO oNnTUMallbHUM, 3
TOUYKH 30py piBHs cTBOproBaHux EM3, maTepian Ta cpopMyIp0BaHO peKOMEH ALl
II0JI0 KOHCTPYIOBaHHS KOTyHmKUA. OTpuMaHi, y pe3yibTaTl HOCHIIKEHb, CIIEKTPU
CUTHAJIIB  KOHJIYKTHUBHOI  3aBaJl  3aJOBOJIBHSIOTH  T'PAHUYHO-AO0NYCTUMUM
3HAYEHHSM PIBHS KOHAYKTHBHHX 3aBaJl PETJIAMEHTOBAaHUX CTaHAapTaMH.

JlocnmipKeHHsT y 4eTBEPTOMY PO3JILJIl CIPSAMOBAHI Ha PO3paxyHOK Ta aHaJI3
eheKTUBHOCTI  pOOOTH  MPOTU3aBaJAHOrOo  BXigHoro  ¢imbTpa. JloBemeHo
HEOOX1IHICTh BpaxyBaHHs BUXIJHOTO IMIIEIAHCY JIIHIHHOI CHUCTEMHU CTaOlmi3arlii
Ipy KOHCTPYIOBaHHI BXITHOTO (UIbTpa JKepena KUBJIEHHSA. Po3poOsieHo
METOJIMKY, IO J03BOJIAE PO3paxyBaTH MPOTU3aBaIHUN (UIBTP, KU 3a0e3reuye
BIJIMOBIJIHICTh PIBHS KOHAYKTUBHUX 3aBaj JpKepeaa >KUBJICHHS TPaHUYHUM
3HaueHHsaM EM3 s meoOximHoro cranmapTy. Ha mpukianl pisHUX TPHUCTPOIB
JIHIAHUX CHUCTeM cTa0umi3auli, s PI3HUX CTaHAApPTIB 13 €JIEKTPOMAarHiTHOI
CYMICHOCTI, TIPOJIEMOHCTPOBAHO €(EKTUBHICTh 3aIPOINIOHOBAHOI METOJIUKH.
CdopMyiboBaHO BUCHOBKH I110JI0 OTPUMAHUX PE3YJIbTATIB.

[IpakTHuHE 3HAYEHHA OJEP)KAHUX B JUCEPTALiiHIA POOOTI pe3yJbTaTiB
MoJIATa€ B TOMY, IO OTPUMAaHI pe3yJbTaTH MOXKYTb OyTH BHKOPHUCTaHI s
BUPIIICHHS MUTaHb 3MEHILIEHHS PIBHS CTBOPIOBAHUX €JIEKTPOMArHiTHUX 3aBaj, Ta
JUIS  TPOEKTYyBaHHS JKEped IKUBJICHHA 13 TIOKpAlleHMMH TOKa3HUKaMH

€JIEKTPOMAarHiTHOI CyMICHOCTI.



[ndopmariis 1mom0 AOUITBHOCTI BHUKOPUCTAHHS TEXHOJOTIl PO3MHUTTS
CHEKTPY Y JUKEpelax >KHBJICHHS 13 KOPEKIIE0 MOXKe OyTH BUKOpHCTaHa I iX
YIOCKOHAJICHHSI 3 METOIO 3MCHILICHHS PiBHS CTBOPIOBAHWX KOHJAYKTHBHHX 3aBajl.
BpaxyBaHHsl BIUIMBY TOIOJIOTii MEPETBOPIOBAYIB Yy CKJIAJl IMIYJIbCHUX KEpel
KUBJICHHSI Ha PIBEHb €JIEKTPOMArHiTHUX 3aBaJl HAJAaCTh MOJKJIMBICTh BUKOHYBAaTH
nia01p GYHKIIIOHATBLHUX BY3JIIB JKEpesia OBl parlioHaIbHO.

Pesynpratn  pobOTHM  ONMydyeHO 1O 3BITY  1HILIATHBHOI  HayKOBO-
JOCTITHUIIbKOT poOOTH (akyapTeTy elekTpoHiku HamioHanpHOro TexXHIYHOTO
VYuiBepcutrery VYkpainn "KuiBCbKMII MOMITEXHIYHMNA 1HCTUTYT imeH1 Irops
Cikopcbkoro" 3a HazBorw: "Oco0iuBOCTI (OpMYBaHHS €JIEKTPOMArHITHOL
OOCTaHOBKM y TMPUMIMICHHSIX OOJIaJlHAHUX  TEXHIYHUMH  3acobamMu 3
oe3npoBogoBuM iHTepdericom™ (Ne nepkpeectpariii 0119U102796)

KurouoBi cjoBa: iMmynbCHI JpKepelia JKUBJICHHS, KOHJYKTMBHA 3aBaja,
poboua uyactota mneperBoproBaua, DC/DC-neperBoproBay, CIEKTp 3aBajy,
TEXHOJIOT1sI PO3MUTTS CIEKTPY, OCepls KOTYUIKA 1HAYKTHBHOCTI, Mojenb Yana,
TOTIOJIOTiSI  MEPETBOpPIOBavYa, KOPEKTOp Koe(dillieHTa TMOTYXHOCTI, pPIBEHb

CTBOPIOBAHHX 3aBa/l, aBTOMATHN30BaHa CUCTCMA yr[paBJ'IiHHH.



SUMMARY

Lukashev O. Research and development of methods for reducing
electromagnetic interference created by switching power supplies. - Qualifying
scientific work on the rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of
philosophy on a specialty 171 "Electronics"”. - National Technical University of
Ukraine "Kyiv Polytechnic Institute named after lIgor Sikorsky", Ministry of
Education and Science of Ukraine, Kyiv, 2021.

For the first time the following scientific results were obtained in the
dissertation:

1. For the first time a study of the influence of DC/DC-converter topology on
the EMF level at constant converter parameters was performed.

2. For the first time, a study of the influence of the frequency of the power
factor corrector and the frequency of the DC/DC-converter, added
sequentially, on the level of noise created.

3. The study of the influence of spectrum blur technology in both converters of
a switching power supply is performed.

4. For the first time a study of the influence of the parameters of the magnetic
core on the level created by pulsed energy converters, EMI.

5. For the first time, a simulation of a DC / DC converter with nonlinear
inductance was performed using different core materials.

6. A technique has been developed that allows to develop an input filter taking
into account the input impedance of LISN for the required standard.

7. For the first time, the need to use real components for the construction of
LISN in the study of DC / DC-converters by simulation.

8. The analysis allowed to formulate recommendations for optimizing the
structure and parameters of AC/DC-converters, namely in which of the
nodes it is advisable to use spectral blur, and the best in terms of EMI ratio

of operating frequencies of converters.



9. Recommendations for the selection of structural parameters at the stage of
modeling the inductor in the DC/DC-voltage converter, which will ensure
the lowest level of interference

10.A number of recommendations for the selection of the optimal topology of
the DC/DC-converter in terms of the conductive interference.

The dissertation is devoted to the study of electromagnetic processes in
switching power supplies, development of methods to reduce the level of
conductive interference, and creating recommendations for designing a switching
power supply that meets the standards of electromagnetic compatibility, in
particular, in AC/DC-converters with power factor corrector and determination of
optimal, from the point of view of conductive noise, ratio of operating frequencies
of voltage converter and power factor corrector, choice of structural parameters of
nonlinear inductance, as part of DC/DC-converter, to reduce noise level.

The content of the dissertation research is presented in four sections, in
which the main results of the work are presented and substantiated.

The introduction substantiates the relevance of the dissertation, formulates
the purpose and lists the objectives of the study, describes the research methods,
provides information about the scientific novelty and practical significance of the
results.

The first section is devoted to a review of recent publications with research
on methods to reduce the level of conductive interference in switching power
supplies. In particular, the works devoted to the study of the use of spectrum
expansion technology in DC/DC-converters, the use of the method of frequency
hopping are considered. The need for more detailed studies of the influence of
spectrum blur technology in AC/DC converters with correction of the power factor
and the possibilities that will become available as a result of such studies is
discussed.

In the second section, a study of the method of spectrum blur in a switching
power supply with a power factor corrector, by simulation. A model of a power

supply with improved electromagnetic compatibility is obtained. The optimal ratio



of operating frequencies of the converter and the corrector is determined, from the
point of view of the created conductive interferences. The expediency of using
spectrum blur in the control unit of the corrector and voltage converter is
determined.

In the third section, a study of the structure of voltage converters in terms of
interference. The influence of topologies of different functional groups and
nonlinear inductance in the composition of the voltage converter using the Chan
model is investigated. The influence of each component of the topology on the
noise level is determined by studying the topologies of different structural groups
of DC / DC converters. In each group the best, from the point of view of created
disturbances, topologies are defined. Recommendations for the choice of both
functional and structural type of topology of the converter at the stage of power
supply design are created. The optimal, from the point of view of the created noise,
width of a backlash of the inductor for various materials of a core is calculated. A
comparative analysis of models of DC / DC converters with nonlinear inductance
with different core materials is performed. The optimal, from the point of view of
EMI, material is determined and recommendations on the design of the coil are
formulated. Satisfaction of the obtained signal spectra on LISN with respect to
EMI standards was checked in accordance with the maximum allowable values of
the level of conductive interference regulated by the standards.

The fourth section is devoted to the calculation and analysis of the efficiency
of the anti-interference input filter. The necessity of taking into account the output
impedance of LISN when designing the input filter of the power supply is proved.
A technique has been developed to calculate the anti-noise filter, which ensures
that the level of conductive interference of the power supply corresponds to the
limit value of the EMI for the required standard. On the example of different LISN
devices, for different standards of electromagnetic compatibility, the effectiveness
of the proposed technique is demonstrated. Conclusions on the obtained results are
formulated.The practical significance of the results obtained in the dissertation is

that the research results can be used to address the reduction of electromagnetic



interference, and to design a power supply with improved electromagnetic
compatibility.

Possession of information on the feasibility of using the technology of
spectrum blur in power supplies with correction can be used to improve them in
order to reduce the level of conductive interference. Taking into account the
influence of the topology of the converters in the composition of switching power
supplies on the level of electromagnetic interference will allow the selection of
functional units of the power supply more efficiently.

The results are included in the report of the initiative research work of the
Faculty of Electronics of the National Technical University of Ukraine "Kyiv
Polytechnic Institute named after Igor Sikorsky" entitled: "Features of the
electromagnetic environment in rooms equipped with technical means with
wireless interface" (Ne 0119U102796).

Keywords: switching power supplies, conductive noise, converter operating
frequency, DC/DC-converter, noise spectrum, spectrum blur technology, inductor
cores, Chan model, converter topology, power factor corrector, noise level,

automated control system.
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