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DakyIbTET eIEKTPOHIKH

HauioHanbHuii TeXHIYHUHN yHIBEpCUTET Y KpaiHU

«KwuiBcpkuii nonitexHiuHMiA iHCTUTYT iMeHi [ropst Cikopcbkoroy» kpi.ua
Kuis, Ykpaina

Anomauyia—Y naHiii cTaTTi NpeICTABJIEHO Pe3yIbTATH aHAJI3Y YacOBUX AiarpaM cTpymy noHuxyrw4doro DC-DC nepe-
TBOPIOBaYa 3a A0NOMOI0I0 BeiiBJeT-niepeTBOpeHHs Xaapa. 3a 10MOMOroi0 Mojeli NepeTBOPIOBaYa, CTBOPEHOI B cepejio-
pumi MATLAB® Simulink®, 6y.10 10c/i1Keno BIUIMB 3MiHH €MHOCTi BUXiTHOI0 €JIEKTPOJiTHYHOI0 KOHIEHCATOPA HA BXi-
JHUH CTPYM nepeTBoproBaya. Pe3yabTaTi q0C/iIskeHHS MOKA3a/H, IO Aiana30H MiXk MAKCHMAJIbHUMH Ta MiHIMaJbHUMH
3HAYCHHAMH BeliB/1eT-Koe(ilieHTIB HA 0JHOMY PiBHi PO3KJIAJaHHA MOsKe PO3IJISIAATHCH AK OJMH 3 NiarHOCTHYHHUX IOKa3-

HHKIB, 0CKIJIbKH IIPU BiIXWJICHHI €EMHOCTI Biil HOMiHAJILHOI BeJIMYUHH Liel 1iaNa30H CyTTEBO 3MiHIOETHCS.

Bioa. 14, puc. 5, Tada. 1.

Knrouogi cnosa — odiaznocmuka; nepemeopiosauis; eeitgremu Xaapa.

I. Bcryn

[TinBuIIeHHS BUMOT O MPOXYKTHBHOCTI Ta €KCILTya-
TAlIHIX XapaKTEPUCTHK CHJIOBUX IEPETBOPIOBAJILHUX
CHCTEM BeZe JI0 3POCTaHHS BUMOT 0 CHCTEM KOHTPOJIIO
ix crany. CucTeMH KOHTPOIIIO, sIKi 0a3yIOThCsl HA BUKO-
pUCTaHHI 3BOPOTHUX 3B’S3KiB B MIAKOHTPOIEHOMY
00’€eKTi, 3/aTHI BIANpPALIOBAaTH HE3HAYHI BIIXUICHHS
mapaMeTpiB Bil HOMIHABHUX 3HAYCHb, ajic HE 3aBXKIU
BPaxOBYIOTh aHOMaJbHY MOBEAIHKY, CHPOBOKOBaHY
HECIPABHICTIO KOMIIOHCHTIB. Y TaKOMY BHIIQJIKy CHC-
TeMa MO’KE TIOBHICTIO BUWTH 3 JIally.

BusBneHHs HecnpaBHOCTEH aKTHUBHO 3IIHCHIOETHCS
3 BUKOPUCTAHHSIM €KCIIEPTHUX CUCTEM, 110 Oa3yIOThCS Ha
3HaHHSX PO HECIPABHOCTI, SIKi BHHAKAJIH B 00’ €KTi Tia-
THOCTYBaHHS paHillle, Ta crioco0ax ix BUSABJICHHS 1 peary-
BaHHS HA HUX.

Jns ineHTudikanii HeCIpaBHOCTEH HamiBIIPOBIIHH-
KOBOTO IIEPETBOPIOBaYa MOXYTh BHKOPHCTOBYBATHCh
YacoBi JliarpaMu CTPYMIB Ta HAIpyT, 3HATI B KOHTPOJIb-
HHUX TOYKaX CXEMH, OCKUIbKH 1X (hopMa 3a3Ha€ CYTTEBUX
3MiH IpY BUHUKHEHH] aBapiitaux curyaiit [1]-[5].

3 METOI0 3MEHIIEeHHS 00CATy AaHUX, IO 3aCTOCOBY-
FOTHCS TIPH JIarHOCTHIII, Ta JJISl OYMIICHHS CUTHATY BiJ
LIYMOBHX CKJIaJJOBUX 31HCHIOETHCS TIONIEPEIHs iX 00po-
0OKa, 30KpeMa, 3 BAKOPHCTAHHSM CIICKTPAJIbHHUX IIEPETBO-
penb [6]-[11]. Kpim Toro, Oyap-siki HeCpaBHOCTI Tiepe-
TBOPIOBAYiB, IO BIUIMBAIOTH Ha (GOPMH CTPYyMIB Ta
HAarpyT, BIUIMBAIOTH | HA 3HAYEHHS CIIEKTPAIbHUX Koedi-
mieHTiB [12].

Jnst mpuCKOpeHHs MPOIECy A1arHOCTHUKHM PeabHOTO
MepeTBOpIOBayda He0OXiJHO CPOpMyBaTH MHOKHHY 4aco-
BUX JiarpaM Ta BEWBJIET-CHEKTPIB Ui PI3HUX CTaHIB
HWOTO eNIEMEHTIB, TepeJaBapiiHuX Ta aBapiiHUX PEXH-
MiB. 3 IIi€f0 METOIO JAOLIJIBHO CTBOPUTH MOJIEIIb IIEPETBO-
proBaua 3 napameTpamMmu, MaKCUMalIbHO HAOIIKEHUMH JI0
peabHUX.

II.  AHAJI3JITEPATYPHUX JAHNX
ITIOCTAHOBKA ITPOBJIEM

CTaTUCTHKA BiIMOB €JICMEHTIB CHJIOBOI CIEKTPOHIKH
MOKa3ye, 10 Ha TTACHBHI KOMIIOHEHTH MpHITaAa€e OibIma
YacTHHA HECIIPABHOCTEH, JIGBOBA YacCTKa SKUX OO0YMOB-
JICHA HECTIPABHOCTSIMU KOH/ICHCATOPIB.

PoGoTa [3] mpucBsYeHA AOCITIHKCHHIO BIUIUBY KOH-
JCHCATOpa Ha CTPYMH Ta HANpyrH y MOHMWXKYIOYOMY
IMITYJIbCHOMY peryJisiTopi Hanpyru. JlocaimKkeHHs moYn-
HalOThCs 31 CTBOPEHHS MOZEINI MepeTBOPIOBaYa Ta OTPH-
MaHHS MHOXHHH JiarpaM CTpyMy HpW 3MiHI €MHOCTI
KOH/ICHCATOpa. AJTOPUTM iACHTUQIKAIIT BiIXWICHHS
3HA4YEeHHsS. €MHOCTI KOHJIEHCAaTopa BiJ] BCTaHOBIEHOTO
3HAYCHHS Iependadac 3acTOCyBaHHs 10 JiarpaM AUCKpe-
THOTO BeliBieT-nepeTBopeHts Jlobemn s BUIUTCHHS
KoedirmieHTiB metamizarii. 1o MHOXKHHU OTPUMaHUX KO-
(iliEHTIB TOAATKOBO 3aCTOCOBYETHCS HU3bKOUACTOTHHIM
(iTpTp UIS BHUIITEHHS KOPHCHOI CKJIAOBOI 1 MPHITY-
IICHHS BHMCOKOYACTOTHHX CKJIQIOBUX, OOYMOBIICHUX
IMIMPOTHO-IMITYJIbCHUM ~ KEPYBaHHSM II€pPETBOPIOBaYA.
PesynpraTn mokasanm, 1Mo pi3Hi 3MiHH €MHOCTI Kparie
iIeHTH(DIKYIOTECS Ha PI3HUX PIBHAX PO3KJIaJaHHS;
HaTPUKJIa], BUIKI 3MiHA €MHOCTI KpaIe BiACTiIKOBY-
BaTH 3a KoedillieHTaMH Ha TPETHOMY PiBHI.
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Puc. 1. Honmwxkyrounit DC-DC nepeTBoproBay.
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Cx0uif miaxig 3acTOCOBaHO B poOoTi [4] — mBOpiB-
HEBE JMCKPETHE BEHBIIET-IIEPETBOPEHHSI 3aCTOCOBYETHCS
JUIS aHaJi3y JiarpaMy BUXITHOI Hallpyru OaraTtopiBHe-
BOTO iHBEPTOpAa. 3HOBY 3aCTOCOBYETHCSI BEUBIET-TIEPET-
BopeHHs JloGemri, i Mpo MosiBy HECNIPABHOCTI CyJIAThH 3a
3MIHOIO B 3HAUCHHAX KOe(illi€HTIB AeTami3amii.

BetiBner [obemri 3acTocoByeThcst Takox B [13] sk
IHCTPYMEHT BUSIBJICHHS HECTIPaBHOCTEH TpH(]a3HOTO Ha-
MiBMOCTOBOTO iHBEPTOPA.

B [2] six MaTeMaTHIHUI 6a3UC 3aCTOCOBAHO BEHBIICT-
MEPETBOPEHHSI 3 BUKOPHUCTaHHSIM (YHKLIH cuMmeTpnd-
HOTO TIEPEeTBOPEHHS Ha KiHIEBUX iHTepBamax [l4], ski
MaroTh IHTepBaJl BU3HAUEHHS, HE KPaTHHUH 2, Ta J03BOJIS-
I0Th OTpUMYyBaTH Oinbime iHpopMamii mMpo BHCOKOYA-
CTOTHI CKJIQJIOBi CHTHAITY.

[leperBopennst Yomma [5] TakoXX 3aCTOCOBYETHCS
B 33j1a4ax JIarHOCTUKH 1 3aBJISIKM CBOil MPOCTOTI J03BO-
JIi€ CIIPOCTHTH TIEPeXif 13 YacoBOi B CHEKTPalIbHY
00acTh, Jie 3MiHM CUTHAJIB € OLIbII BUPA3HUMH.

Buxos4u 3 BUKOHAHOTO OIJISAY, € NOLIBHUM PO3T-
JISIHYTH 3aCTOCYBaHHs M€ OJIHOTO BEWBJIET-TIEPETBO-
penns Ha 6a3i QyHknii Xaapa [8], [10] six maremaTHy-
HOTrO amapary IjIs aHajii3y JiarpamM CTPYMiB Ta HampyT
MEepPEeTBOPIOBaYa Ta JOCTIAUTH HOTO MOKITUBOCTI Y BUSIB-
JIeHHI 3MiH, OOyYMOBJIEHHX IIEBHHUMH HECIPAaBHOCTAMH
B IIEPETBOPIOBAYI.

III. METAI3ABJAHHA JOCJIIDKEHHA

MeTor0 naHOl poOOTH € HOCIHIPKEHHS MOKIHBOCTI
ineHTudiKamii 3MiHA TapaMeTPiB €IEMEHTIB ITOHIKYTO-
yoro DC-DC nepetBoproBaua (puc. 1), po3risHyToro

Continuous

B [3], 3a BeiiBieT-koedilieHTaMHu iarpam Horo BXiJIHOTO
CTpyMy.

Jns mocsATHeHHS MOCTaBIEHOI METH B CEpeIOBHIII
MATLAB® Simulink® Gyno peanizoBaHo MOJENbL OHHU-
xytodoro DC-DC neperBoproBaua (puc. 2) Ta HalluCaHe
BiAMOBIiIHE ITporpamue 3abe3neuenHs [13]. Bexrop muc-
KPETHHX 3HAa4YeHb BXIAHOTO CTPyMy MepenaeThcs 0
010Ky 00pOOKH JaHUX OE3MOCEPEIHBO 3 MOJIEII.

TABJINLA 1 EJJEKTPUYHI TAPAMETPU EJIEMEHTIB MOJIEJI

BJaoku moaesi HanamryBaHHs 0/10KiB

Jlxepeno BXiaHOL
Harpyru

DC Voltage
Source

Awmrutityna Hanpyru: 20 B

Omip y BinkpuToMy crani: 0.1 Om;
BHYTpilHs iHgyKkTUBHICTh: 0 ['H;
npsma Hamnpyra: 1 B;

CuitoBuit TpaH3u-
CTOPHHUH KJIIOY

VT (IGBT) omip cHabepy: 100 kOm;
BHYTPIIIHS €MHICTh: HECKIHYEHHO BEJIMKA.
Omip y Binkputomy crani: 0.1 Om; BHYTpi-
. 1HA iHAyKTHBHICTB: 0 ['H;
. npsimMa Hanpyra: 1 B;
Hiox p pyra: 1 B
VD (Diode) omip cHabepy: 100 kOm;
BHYTPIIIHSI €MHICTh: HECKIHIEHHO BENIHUKA.
l[po.cem; RL Omip: 0.3 Owm;
(Serial RLC iHAyKTUBHICTB: 47 MI'H
Branch) Ily ) )
Konpnencatop C HowminanbHa emHicTh: 220 MKD;
(Serial RLC MIPU MOJICITFOBAHHI 3MIHIOETBCS B MEXKaxX
Branch) Bix 0 10 230 Mx®.
Pe3uctuBHe HaBa-
HTaxeHHA Rn .
(Serial RLC Oip: 100 Om
Branch)

JI>xepeno onopHoi
HaIpyTd Ha HaBa-
HTa)KeH1

Source VB
(Controlled Volt-
age Source)

Awmrmnityna Hanpyru: 5 B

Current IN
powergui

" DC Voltage Source

Constant

boolean

Data Type Gonversion

Repeating
Sequence

Logical SR
Operator Flip-Flop1

Voltage OUT

VoltageBack

Puc. 2. Mogens nonmxkyrouoro DC-DC nepeTBoproBaya.
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a)

e
1 I

6)

Puc. 3. Jliarpamu BXiHOro cTpyMy Ipu HOMiHaNIBHIH eMHOCTI 220 MKD
(a) Ta B aBapiiiHoMy pexxuMi ipu eMHOCTi 40MKD (06).

Iv. TIOBYJOBA MOJEJII

OCHOBHI €JEeKTPUYHI MapaMeTpH MOJEII MOHWKYIO-
yoro DC-DC neperBoproBaua Bkaszani B Tabin. 1. Cuc-
TeMa KepyBaHHS peali3oBaHa 3a JOIMOMOTOK MaTeMaTH-
ynux Gnokis Simulink®, Ha 6a3i —ponopuiliHo-iHTerpa-
meHO-muGepenuiitnoro (ITI) perymsTopa, y SKOro
mudepeHIiiiHa ckiagoBa piBHa HyJr0. HamamryBaHHs
CHCTEMH BHM3HAYAETHCS 0AXAHOIO BHXIIHOIO HAIPYTOIO
— B JIOCTIKYBaHIl cXxeMi BOHa 3agaHa piBHOIO 5 B
(6mox “Constant” Ha puc. 2). Hampyra BuMipIO€ThCS
BosibTMeTpoM “Voltage OUT” Ta mepenaeTbes Ha OIUH
13 BXoxiB O0moky “PID”, B s;tkoMy BIacHe i peani3oBaHi Bci
ITOPUTMHU KEPYBaHHS.

Jnst cxemu puc. 1 BUKOPUCTOBYIOTH CHCTEMY Kepy-
BaHHS 31 3BOPOTHUM 3B’SI3KOM, 3aBJISIKU YOMY 3A1HCHIO-
€TBCSI KOMIICHCALlisI Oy/Ab-IKUX BIIXWIICHb HAIpPyIrd Ha
Buxozi. Tomy OLIBIIT iHHOPMATHBHOO JJIS BiCTEIKCHHS
3MiH OyJe miarpama cTpyMy Ha BXOJi CXEMH, sIKa HaJlai
1 pO3IIIAIA€THCS.

BumiproBaHHs cTpyMy BUKOHYIOTBCS 32 JJOIIOMOTOIO
6mokxy Current Measurement. Bektop AMCKpeTHHUX 3Ha-
YeHb CTPYMY OTPUMYEThCS 3 610Ky | in (puc. 2) — Kijb-
KICTh IIUX 3HAY€Hb PEryJIOETHCS IUIAXOM 3MIHH TaKUX
mapaMeTpiB SK 4Yac MOJICIIOBaHHS (B JOCIHIHKCHHSIX
obpano 0.1c) Ta mermmartis (3HaAYCHHS BCTAHOBIJIEHO PiB-
HUM 900, TOOTO 3aIUCy€eThCS 3HAYCHHS CTPYMY 3 KPOKOM
B JIEB’SITHCOT BiIiKiB). B pe3ympraTi micms KOXXHOTO
eTaIry MOJICNIIOBaHHS IPH 3MiHI €MHOCTI OTPUMYETHCS
BekTop i3 1112 muckpeTHWX 3HA4YEHb CTPyMy Ha BXO.i
NIepeTBOPIOBaYa.

V. AHAIJII3 OTPUMAHUNX JAHNX

JlocmimkeHHs TIepeTBOpIOBada 37iHCHIOBAIOCH TIPH
3MiHi €EMHOCTI BXiHOTO KOHIeHcaTtopa Bif 0 1o 230 Mxd.
Sk mpaBuio, 30UTBIICHHS €MHOCTI HE € XapaKTepHOIO
HECITPaBHICTIO 17151 KOHAEHCATOPiB, TOMY 0COOJIMBa yBara
MpUIiIeHa MOJICITIOBAHHIO aBapiifHOT cuTyarlii mpu 3MeH-
IICHHI EMHOCTI.

Amnaiiz miarpam BxigHoro crpymy DC-DC neperBo-
proBaya IOKa3aB, 110 NpPU 3MiHI €MHOCTI 30BHIIIHIN
BUTJISZ AlarpaM B 4acoBiil 001acTi 3MIHIOETBCS CYTTEBO
JIMIIE Ha eTalli IIepeXiTHOTO IMpoIecy, a IpH BUXO/I Ha
yCTaJlleHHH PeXUM POOOTH 3MIHH BIZICTEKUTH CKIIA IHIIIIE
(puc. 3). BpaxoByrouu 1ie, TOLUIEHIM € TIEPEXiJl B CIIEK-
TpalibHy 00JacTh — 1€ JO3BOJHUTH 3MEHIINUTH KiJIbKICTh
3HAYCHB, 32 IKUMHU OyJIe 3/IIHCHIOBATHCH TOAUIBINA 1/1eH-
Tr(IKaIis 3MiH Ta BISIBUTH HAaBITh HE3HAYHI 3MiHM B 3HA-
YEHHSX CTpyMy. PO3paxyHOK CIIEKTpiB BHUKOHYETHCS
3 BUKOPHCTaHHAM BeHBIET-TIepeTBOpeHHs Xaapa [8].

JlJisi KOpEeKTHOro 3acTOCYBaHHSI BEWBIIET-TIEPETBO-
perHs Xaapa KUTbKICTb TUCKPETHUX BiIIKIB CTPyMYy, SIKi
HiIa0ThCs aHajily, mae Oyt piBHoto 2”. [Ipu npomy
3Ha4YCHHS m OyJe BIATOBIAAaTH KiTBKOCTI PiBHIB PO3KIIa-
JaHHA.

[Ipu 3acTocyBaHHI BEeHBIET-IIEPETBOPEHHS Xaapa Ha
KOXKHOMY PiBHI PO3KJIaJaHHs (POPMYIOTHCS KOe(illieHTH
JIBOX THIIB — anpokcuMarii (ycepeaHeHHs) s;; Ta AeTa-
nizauii d;;:

g =220 Y Voinl _Y2i = Vi1
= d = ,

2y) ) 2y 2
Jie i — HOMEp BIIJIIKY TUCKPETHOI (YHKIIi y Ha j-My
PiBHI pO3KJIaJaHHS.

3aranbHa KibKICTh KOE(III€HTIB KOXKHOIO BUIY Ha
piBHI pO3KJIafaHHs j BU3HA49acThCA Kk 207D,

3aranom IS m PIBHIB PO3KIAJ@aHHA OTPUMYEMO
(2"-1) xoeimieHTIB KOXKHOTO BHIY, i Bchoro 2(2"-1)
Koe(ilLlieHTIB y BEHBIIET-CIIEKTPI.

[Momampmi gocmimKeHHs CIIPSAMOBaHI HA BU3HAYCHHS
TOTO, SIKI came KoedilieHTH (neTanizamii uu arpokcuMa-
I1i1) Ta Ha SKUX PIBHAX PO3KIAJaHHA HAHOUIBIIE 3MiHFO-
IOTBHCS TIPH 3MiHI EMHOCTI.

Jlns anaiizy oOpaHoO Ti BIIUTIKH B JiarpaMax, 1o Bif-
MOBIIAIOTh YCTAJICHOMY peXuMy poOoTH. PosrisinaeTses
niama3oH B 1024 Bimniky, o BiAmosigae 10 piBHAM po3-
KJIaJaHHSI.

Ha xoxHOMY piBHI pO3KJIaJJaHHS i3 3aCTOCOBYBaHHSIM
Obyrkmionany cepemopuma MATLAB® BusHaueni max-
CUMallbHI Ta MiHIMaJbHI 3HAYEHHS BeHBieT-KoedilieH-
TiB JUI1 BU3HAYEHHS Jiala3oHy, SKHHA BigIOBiga€ MeB-
HOMY 3HAYCHHIO EMHOCTI.

Ha puc. 4 Ta puc. 5 mokaszaHo Aiana30H{ 3MiHH Be-
BIET-KOC(IIi€HTIB AeTaNi3allii A5 ChOMOTO Ta BOCBMOTO
PiBHIB pO3KJIaZaHHS MPH 3MiHi €EMHOCTI — Ha IIUX PIBHAX
3MiHM € HaiOUIBII CYyTTEBUMU.

Sk BUAHO 3 PUCYHKIB, Jiamma3oH 3HAYEHb BEHBIET-
KOCQIIIEHTIB CYTTEBO 3MIHIOEThCS TPH BIIXHJICHHI
€MHOCTI BiJl HOMIHAJIFHOTO 3HAuYCHHS (HA PHCYHKaX
MOKa3aHO MyHKTHPOM PiBeHb BEHBJIET-KOS]ILiEHTIB, SIKi
BiINIOBIAIOTh [FOMY HOMIHAJIFHOMY 3HAYCHHIO), IO
JIO3BOJISIE, aHAJI3YIOUM 1[I 3MIHHM, BUSBIATH (AaKT 3MiHH
€MHOCTI B CXEMi.
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Puc. 4. Koediuientn neramizamii mpu pisHUX 3HAYEHSIX EMHOCTI Ha
CbOMOMY piBHI pO3KJIaJaHHSI. A — MakCHMalbHi 3HaueHHs; b —
MiHiMaJIbHI 3Ha4YeHHs; B — piBeHb 3HaYEeHb IPU HOMIHAIBHIH €MHOCTI.

BHUCHOBKHU

AHani3 icHyrouMXx MeTOJIiB iieHTH(iKallii HecrpaBHO-
CTeil B IIepeTBOproBavyax MOKa3aB JOLUIBHICTE BUKOPHUC-
TaHHs 3Ha4eHb KOC(ILlIEHTIB BEHBIIET-CIIEKTPIB CTPYMIB
Ta Hampyr NEepeTBOpIOBaya SK NapaMeTpiB, 3a SKUMH
BUSIBJISIIOTBCSL 3MIHM TIapaMeTpiB eJIEMEHTIB. AKTyaib-
HOIO € 3ajada BU3HAYCHHS, 33 SKUMH came Koe(illieH-
TaMU 3/1IHCHIOBATH TaKy iZCHTU(IKAIIIO.

Jnst popmyBaHHs 0a3u TaHUX 3HAYEHb BEiBIET-KOE-
(hillieHTIB, SAKi BIAMOBINAIOTH PI3HUM HECIPABHOCTIM
B IIEPETBOPIOBaYi, JOLLIBHO CTBOPUTH HOTO MOJENb Ta
JOCTIINTH, SIK 3MIHIOIOTHCS 3HAUEHHS CTPYMIB Ta HAIIPyT
IIpY 3MiHI ITapaMeTpiB HOro eJIeMEHTIB.

AHami3 OTpUMaHHX 3HAYeHb BEHBIIET-KOEQIIli€eHTIB
MoKasae, 10 KoedilieHTH JeTanizaiii Ha piBHAX 3 mep-
[IOr0 O YETBEPTHH MPAKTHYHO HE 3MIHIOKOTHCS MpPHU
3MiHI EMHOCTI — CIIOCTEPIrar0ThCs JIUIIEC HE3HAYHI BiJl-
MIHHOCTI, III0 pajie € HETOYHICTIO MIPH aHaNi31 rpadikis,
aHDK KOpUCHOIO iH(popMartiero. HatomicTs, uis koediri-
€HTIB 3 II’ATOTO II0 BOCHBMHU piBEHBb PO3KIAJaHHS TaKi
3MiHU O1IbII BUpakeHi. ToMy JouinbHO Ui iieHThdiKa-
I1i1 3aCTOCOBYBATH caMe IIi Koe(iIlieHTH.
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Annomayua—B NaHHON cTaTbe NpeJCTaBJEHbI Pe3yJbTAThl AHAIN32 BPEMEHHBIX JUArpaMM TOKa MOHMIKAIOLIEro
DC-DC npeoOpazoBaTens ¢ 1oMOIBbIO BeiiBiieT-npeobpasosannsa Xaapa. C noMoInb0 Mojeu npeodpas3oparelisi, CO31aH-
Hoii B cpene MATLAB® Simulink®, 66110 uCC/Ie10BAHO BJIMsIHAE W3MEHEHHSI €MKOCTH BBIXOJHOIO 3JIEKTPOJIMTHUECKOTO
KOH/IEHCATOPa HA BXOIHOIi TOK npeoOpa3oBarens. Pe3ybTaThl HCCIeI0BAHUS NMOKA3a1H, YTO JHANA30H MEKAY MAKCH-
MAaJIbHBIM M MHHMMAJILHBIM 3HAYCHUSMHU BelBJIeT-K03I(Q(PUIEHTOB HA 0JHOM YPOBHE Pa3JIOsKEHHUS] MOKeT paccMaTpH-
BaThCsl KAK OJMH M3 JHArHOCTHYECKHX MOKa3aTeliell, HOCKOIbKY NPH OTKJIOHEHHH eMKOCTH 0T HOMHHAJIbHOI BeJHYHHBI
3TOT AMANA30H CYIleCTBEHHO MeHseTCs.

buba. 14, puc. 5, Tadéu. 1.
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Identification of the Capacitance Changes
in DC-DC Converter Using Wavelets
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Abstract—Diagnostics of semiconductor converters is an important step in controlling their state and ensuring their
efficiency. The efficiency of the converter depends on the each of its individual elements — failure of one of them leads to
an accident. As show the researching, malfunction of the capacitors is the most common cause of the failure of the converter.
So, control of its capacity it is an actual task.

Analysis of literature show then current and voltage in the converter are essentially depended from the parameters of
its elements, so they can be used as diagnostics criteria. But character of this dependence is own for each converter. So, there
is task of investigation the different type of semiconductor converters in case of parameters changing.

This work oriented to study the buck DC-DC converter in a case when the capacitance of the input capacitor changes in
wild range. The model of the converter was created for this purpose in MATLAB® Simulink®. Input capacitance changes
from 0 to 230 mKF in this model. As shown the modeling, the input capacitor most influences the input current, since the
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changes in the output current and voltage are corrected by the control system (there is a stabilization of them). So, we
consider this current as criteria for identification of the capacitance changes.

The set of current diagrams for different values of capacitance was created for analysis how this parameter influences
the form of diagrams. This set is the base for the identification of the current state of converter. As show analysis of diagrams,
they have big amount of discrete values and there are little differences between them, which very difficult to identify. So,
discrete Haar wavelet-transformation was used as the mathematical instrument to reduce the amount of data and obtain
information about changes.

There are more differences between wavelet coefficients for different capacitance then for current. Because the wavelet
coefficients change according to changing of capacitance, they considered as the base for identification. In general, we con-
sidered 1024 discrete values of current for which there are 10 levels decomposition of wavelet transformation. The most
amount of coefficients is on 10 level — 512 coefficients of approximation and 512 coefficients of detailing. On each next level
the amount of coefficients decreases in 2 time.

The intervals between minimum and maximum coefficients for different capacitances were calculated for each decom-
position level. Results show that this interval the most changes on 8 and 7 levels of decomposition. So, wavelet coefficients
on these levels can be used for further diagnostics of converters. The fact that interval of coefficients for some time moment
is out of bounds of interval for the nominal value of capacitance is the indicator that capacitance changes.

Ref. 14, fig. 5, tabl. 1.

Keywords — diagnostics; semiconductor converters; wavelet Haar
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