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EFFECTS OF NON-SMOOTH PHENOMENA ON THE DYNAMICS OF DC-DC CONVERTERS
Dmitry Pikulin (Riga Technical University),

This paper shows the possibilities of applicability of novel approach for the global nonlinear analysis of
dynamical systems, based on numerical path-following, to the widely used electronic circuits — switch-mode DC-
DC converters.

It has been proved, that the profound analysis of nonlinear phenomena in power electronics is profitable, as
studying bifurcations and chaos can help engineers to understand the change of behaviour in switching DC-DC
converters when some parameters are varied. Nowadays the main tools for the investigation of the nonlinear
dynamics of DC-DC, as one or more parameters are changed, are so called brute-force bifurcation diagrams. These
diagrams give incomplete information about the possible types of nonlinear phenomena in the system, being not
able to capture unstable periodic orbits as well as narrow stable regions (rare attractors). In order to overcome the
mentioned drawbacks it is proposed to use the numerical path-following technique and appropriate data processing
methods.

Main results are illustrated on the current controlled boost converter, for which the complete one-parametric
bifurcation diagrams are constructed and the possible interaction of period-doubling bifurcations and non-smooth
border-collision phenomena are shown. The discrete time model is used, as this model enables one to avoid
numerical computation of the phase space orbit from the continuous time model.

The numerical results are verified by means of SIMULINK PowerSys Blockset model. The data verification
allows concluding, that the results obtained on the basis of numerical path — following technique are very precise
and the addition of real element nonidealities does not affect the global dynamics of the converter, causing just
insignificant shifts of bifurcation points.

Thus it has been proved that the complete bifurcational analysis could be efficiently applied to investigation of the
dynamics of switching DC-DC converters in order to obtain information about the domains of existence and stability
of desired period-1 operation as well as the appearance of smooth and various types of non-smooth bifurcations in
this kind of circuits.

NELINEARU PARADIBU IETEKME UZ DC-DC PARVEIDOTAJU DINAMIKU
Dmitrijs Pikulins

Dotaja raksta tiek apskatitas jaunas dinamisko sist€ému nelinearas uzvedibas pétiSanas pieejas izmantoSanas
iesp€jas plasi pielietojamo impulsu sprieguma parveidotaju dinamikas analizei.

Pedgjas dekades tika pieradita nepiecieSamiba veikt nelinearo paradibu kvalitativo analizi impulsu sprieguma
parveidotajos, kas lauj, balstoties uz haosa un bifurkaciju teoriju, izp&tit So iericu dinamiku izmainoties vienam vai
vairakiem sh€mas parametriem. Galvenie nelinearas dinamikas p€tiSanas instrumenti pie mainigiem shémas
parametriem ir bifurkaciju diagrammas, kuras nelauj att€lot nestabilas periodiskas orbitas, ka arT stabilos apgabalus
Saura parametru diapazona (retos atraktorus). Nemot véra ieprickSmin€to metozu trikumus, tiek piedavats izmantot
jaunu metodiku, kura ir balstita uz skaitlisku parametra turpinajuma metodi un atbilstosu iegtito datu apstradi.

Galvenie pétijuma rezultati tiek att€loti, izmantojot paaugstinoSo DC-DC parveidotaju ar stravas vadibu.
Noraditajam parveidotajam tika sastaditas pilnas vienparametriskas bifurkacijas diagrammas un pétita dubultota
perioda bifurkaciju un negludo funkciju robezpunktu mijiedarbiba. Darba tika izmantots parveidotaja diskréta laika
bazes modelis, kas lauj izvairities no apjomigiem trajektoriju rékiniem fazes telpa.

Skaitliskas model€sanas rezultati tika aprobéti izmantojot SIMULINK vidé izveidoto modeli. Rezultatu analize
lauj secinat, ka dati, kuri tika iegfiti konstrugjot pilnas bifurkaciju diagrammas, ir loti precizi un realo she&mas
elementu neidealitates neietekmé parveidotaja kop€jo dinamiku, kaut arT ir v€rojama neliela bifurkaciju punktu
nobide.

Tadejadi tika paradits, ka bifurkaciju diagrammu pilno analizi ir iesp&jams izmantot impulsu sprieguma
parveidotaju dinamikas pétiSanai, lai noteiktu eksistences un stabilitates informaciju par vélamo periodu-1, ka ar1
gludo un dazada veida negludo bifurkaciju paradiSanos $ajas sheémas.

BJIMSTHUE HETJIAJIKAX SABJIEHU HA THHAMMKY IMTPEOBPA3OBATEJEN MOCTOSTHHOT' O HAIIPSIZKEHUS
Jmurtpuii luxynnn (Pukcknii Texnudecknii YHUBepcUTeT)

B nanHO# cTaTthe paccMaTpHBAOTCS BO3MOMKHOCTH IPHMEHEHHs] HOBOTO MOAXOJAa K TII00AIbHOMY aHalH3y
JVMHAMHYIECKUX CHCTEM, OCHOBAHHOMY Ha METO/E NPOJOJDKCHHH IO MapaMeTpy, K IIHPOKO PaclpOCTPAHCHHBIM
CXEM — UMITYJIbCHBIM TIPE00pa30BaTeNsiM HAPSHKEHHUS.

B nmocnennune necarwiernst 6bula I0Ka3aHa HEOOXOIUMOCTh MPOBEICHUSI KAYECTBCHHOTO aHAIN3a HEMMHEHHBIX
ABJICHUH B CHJIOBOH 3JIEKTPOHHUKE, YTO IO3BOJISIET HA OCHOBE TEOPUH Xaoca M OnypKanmil n3yduTh TUHAMHKY
UMITyJIbCHBIX IIpeoOpa3oBaTeeci HalpsDKEHHS IPH M3MEHEHNH OJJTHOTO WIIM HECKOJIBKUX TapameTpoB. OCHOBHBIMHU
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MHCTPYMEHTAMH JUIsl W3y4YCHUS HEJIIMHEHHON JMHAMHKM IIpH HM3MEHEHHWH I1apaMeTpOB SBISIOTCS «TpYyObIE»

On¢ypKannoOHHbBIE TUarpaMMBbl, HE OTPaKAIONIEe HEYCTOHYUBBIE IEPUOJMYECKHE OPOUTHI U YCTOWYHBBIC YYaCTKH B

y3KOM JHana3oHe IapaMeTpoB (peaxkue arTpakTopsl). [l yCTpaHEHHs BBIIIEYHNOMSHYTBIX HEJIOCTATKOB

IpeJJlaraeTcsl HUCIOJIb30BaTh HOBYIO METOAMKY, OCHOBAHHYIO Ha METOJA€ MPOAOIDKEHHA [0 HapamMeTrpy Hu
COOTBETCTBYIOIICH 00pabOTKE MOTYYCHHBIX TAHHBIX.

OcCHOBHBIE pe3yJIbTaThl HPEICTABICHBI JUIS MOBHIMIAIONIETO NPeoOpa3oBaTes HANPSDKEHHUS C YIpPaBJICHHEM IO
ToKy. Jlns ykazaHHOro npeoOpaszoBarelssi ObUIM COCTaBJICHBI IOJIHBIE OJHOIApaMeTpuueckue OudypkalMoHHBIE
JMarpaMMbl U PacCMOTPEHBI pa3iIMuHbIE BHUJbI B3aUMOJCHCTBUS OM(YpKalMid yIBOEHUs NEpUoja M HEerJIaJKhX
SBJCHUH CTOJKHOBEHUS TpanHun. B pabore Obula uHCIONB30BaHA IUCKPETHash MOJENb HpeodpasoBaTeds,
TI03BOJISIIOIAs N30€XKaTh 0OBEMHBIX PACUETOB TPAEKTOPHH B (ha30BOM INIOCKOCTH.

Pe3ynbraThl, moSydeHHBIE B XOJE€ YHCICHHBIX OKCIICPUMEHTOB, OBLIM IPOBEPEHbI NPH IIOMOIIM MOZAEIH
co3nannoit B cpeae SIMULINK. IIpoBepka naHHBIX MO3BOJISET YTBEP)KAATh, YTO PE3yJbTATHI, MOIYyYEHHBIE NPU
MOCTPOEHHUHU TOJHBIX OM(YPKALMOHHBIX AWarpaMM, TOYHBI M J100AaBJICHUE HEWICAIBHOCTEH pealibHbIX DJIEMEHTOB
CXEMBI He BIMSET Ha II00aJbHYI0 TUHAMUKY IpeoOpa3oBarels, a IPUBOAAT K HE3HAYUTEILHOMY CMEIIEHHIO TOYEK
oudypranunii.

Takum o00pa3om, OBUIO JIO0KAa3aHO, YTO TMOJHBIAH OUYpPKaUMOHHBIA aHaiu3 H(P(PEKTUBHO NPUMEHUM B
UCCIIEJIOBAaHUH TUHAMUKH UMITYJILCHBIX TPeoOpa3oBarTesieil HalpspKeHHs TSl TOJy4eHus nHpopManuu 06 o0nactax
CyLIECTBOBaHMA M YCTONUMBOCTH peXuMa C TEPHOAOM-1, a Tak >X€ BO3HHKHOBEHUHM TIJIAAKUX M HETIAJKUX
Oudypkanuii pa3IMyHOTO THUIIA.
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