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WmmnynscHble npeoOpasoBarenu nocrosHHoro Hanpsbkenus (MITITH) mmpoxo npuMenstoTes B
ceTsix anexTponuranus. Cpenu MHOXecTBa cxeM MITITH MoXHO BBIASTHTH IIpeoOpa3oBaTelb
Kyxka. /laHHbIi 1peoOpa3oBaTeb OTINYAETCs] OT JPYTUX CXEM HENPephIBHOCTBIO BXOJHOTO H
BBIXOJJHOTO TOKOB, YTO 3HAUUTEIBHO CHIDKACT YPOBEHb IOMEX, '€HEpHPYEMbIX IpH pabdore
npeobpaszoBatens. K BBIXOAHOMY HaNpsDKEHHIO IpeoOpa3oBaTens NPeabsBIIIOTCS TpeOoBa-
HHS Ha [IOKa3aTeNy KauecTBa NePEeX0JHBIX IIPOLECCOB, BO3MOMKHOCTH 00ECIIeUeHHs] KOTOPBIX B
3HAYMTEIFHON CTENICHH 3aBUCHT OT 3(G()EKTHBHOCTH MPUMEHSIEMBIX aIlTOPUTMOB YIPaBJICHHUSL.
IToctpoenue cucTeM yIpaBieHHUs MPeoOpa3oBaTeIIMH HCCIIELYeTCsl BO MHOTUX paboTax, re
00BIYHO PAacCMATPHUBAIOTCSA JIMIIL PE3yJbTaThl UHCIEHHOTO MojenupoBanus. [loaTomy ObLI10
pelIeHo coOpaTh CTEHA AJIs HPOBEACHHS KCIIEPUMEHTOB, Pe3yJIbTaThl KOTOPBIX MOXKHO CpPaB-
HHUTB C pe3yIbTaTaMH YHCICHHOTO MOJAESIHPOBaHUS. B OCHOBY CTeHIa MONIOXKEHA CXeMa IIpe-
obpasopaTenst Kyka, B KOTOpOil HOMHHAJIbI OCHOBHBIX 3JIEMEHTOB CX€MBI UMEIOT CIEIyIOIUe
3HaueHus: cuiosble apoccenu L1 = 456 mxI'n u L2 = 317 mxI'H, kongencaropsr Cl = Cl1 =
= 470 mx®. CuioBoii kmrou — mojeBoi Tpansuctop IRF3808PBF, a cumoBoit nuox —
STTH2003CG. B kauectBe cuctems! ynpasienust (CY) ucnosssyercs undposas CY, peanu-
3oBaHHas Ha MukpokoHTpomiepe (MK) STM32F107. B paccMaTrpuBaeMoM CTEHIE 4acTOTa
nuckperusauun paBHa 30 k1, 3aneiictBoBano 3 kaHaia AL (mepBblii kKaHAT — CUUTHIBAHUE
3HAYEHHMS JATYNKa TOKA, BTOPOM KaHAJ — CYMTHIBAHWE 3HAYCHMS JATYMKA HANPSDKEHUs Oy-
(hepHOTO KOHJEHCATOPA, TPETHI KaHAI — CYUTHIBAHHME 3HAYECHUS NATYMKA BBIXOJHOIO HAIps-
*KeHus). JlaTyuk Toka peanu3oBaH Ha crnenuanbHoit Mukpocxeme ASC712 u ucronb3yercs
JUIS TIOJIy4€HHs 3HA4YEHUs TOKa BXOAHOW MHaykTtuBHOCTH (L1). JlaTuMky HanpspkeHus crpo-
EKTHUPOBAHBI C HCIIOJIb30BAaHUEM PA3INYHBIX BKJIIOUCHHH ONEPAlIOHHBIX yCHIHTENCH (B Ma-
kere ucnonbytoress OY LM358). Ouu npeHa3HaueHbl A1 U3MEPEHHs HANPSDKEHUS! Ha BbI-
XoJie peoOpazoBarelis, a Takke HanpshkeHus Ha Oydeprom konnencatope (C1). s corna-
COBaHMS CHTHAIOB MexkAy MK M CHIIOBBIM KITIOYOM HCHOIB3yeTCS CIIeNHaTU3HPOBAHHBIA
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npaiieep. Ha sramne HacTpoiiku cucTeMbl ynpaBieHUs HeoOxoaumo obecreunts cBa3b MK u
IIK. B xauectBe mHTepdeiica cs3u Obu1 BoiOpaH USART. besomacHocTs paboThl cTeHaa
obecrieynBaeTCs ralbBaHMYECKON Pa3BA3KONH HA OTAENBHON MiaTe (IaTa COCTOUT U3 JIBYX
MHKpPOCXeM U UX 00Bs3ku. Mukpocxema ADUM mnpennazHayeHa [uis 00ecrneyeH s rajlbBaHu-
yeckoil passs3ku, mukpocxeMa FTDI — nepexomunk USB-UART). B paGore npusenena
(dyHKIMOHATBHAS CXEMa, MOKA3BIBAIOIIAs B3aMMOCBA3M MEXTY OCHOBHBIMH DIEMEHTAMHU
CTEeH/Ia; JaHO ONMHUCAHHE MPHHIMIMAIBLHBIX CXEM, PACKPBIBAIOIINX CXEMHBIE PEaln3allil BCEX
JacTeil cTeHza, a TaKKe IPUBEJICHBI X MOAPOOHBIE ONMCAHNA. B mensax oTmagku MEKpOMpo-
IIECCOPHOH 9YacTH CTEH[a, alrOPUTMOB YNPABICHUA W OTCIEKHBAHUSA TEKYIIETO COCTOSHHS
CHCTEMBI HCTIOJIb3YETCs CHElUalbHas MPOrpaMma.

KuroueBbie ci10Ba: npeoOpa3oBaTen IIOCTOSHHOIO HANPSDKCHHs, HMITYJIbCHBIE IIpeobpaso-
Bareny, npeodpasosarens Kyka, CHIOBas SJIGKTPOHMKA, IIMPOTHO-UMITYJIBCHAS MOMYJISILIHS,
MHKPOKOHTPOJLIEP
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BBEJEHUE

BaxxHO# 4acThl0 COBpEMEHHBIX NMPHOOPOB M MPOMBIIIICHHOTO 000PYAOBaHUA
SIBIISIETCS] CHCTEMA DIICKTPOIIUTAHMS, Peau3yeMasi CPeICTBAMH CHJIOBOH 3IEKTpO-
HUKH. Kakaplii U3 CyIIecTBYIONIMX B HACTOSIIEE BpEMs 3JIEKTPOIPHUOOPOB HYK/1a-
eTcsl B OIpeJeNIeHHBIX MapaMeTpax BXOJIHOI'O IHTAIOIIero HampspkeHus. Hekxaue-
CTBEHHBIE ITApaMETPhI AJIEKTPOIHEPTHH MCTOYHUKOB MUTAHHUSA IPUBOAAT K BBIXOIY
13 CTPOS JOPOTOCTOSIIETO MEKTPOHHOTO 000pynoBaHus. C 1enbio GOpMUPOBAHHS
3aJJaHHBIX MapaMeTPOB ANEKTPOIHEPTUH HCTOYHUKOB NMUTAHUA IIUPOKO HMPUMEHS-
IOTCSI MIMITYJIbCHBIE TIpeoOpas3oBaTenu MOCTOSHHOTO HampspkeHus. CymecTByer
MHOJKECTBO Pa3IMYHBIX CXeM Takux mpeobpaszosateneii [1, 2]. B To xe BpeMs BO3-
MOYKHOCTh O0€cCIeYeHHs 3aJaHHBIX TPEOOBaHUH K MapamMeTpaM CHUCTEMBI 3JEKTPO-
MUTAaHUA U TI0Ka3aTelsIM KadecTBa IEPEXOAHBIX IMPOIIECCOB B IPeoOpa3oBaTesix
HalpsDKEHNST B 3HAUUTENBHON CTETIEHH 3aBHCUT OT 3((EKTHBHOCTH NMPUMEHIEMBIX
ITOPUTMOB yIIpaBJieHUs. BOpock! MocTpoeHus CUCTEM yIpaBileHus JUTsl Ipeodpa-
30BaTelell HanpsHKEHUsI UCCIIETYIOTCS BO MHOTHUX padOTax, rjie oOBIYHO paccMmar-
PHUBAIOTCSI CXEMOTEXHUYECKUE PEIICHHS M PEe3yJbTaThl YHCIEHHOTO MOJEIHPOBA-
Hus [3-9]. HeoOXoauMBIM 3JIEMEHTOM HCCIICIOBAHUN B JAHHOW OOJIACTH SBISCTCS
IPOBEPKa TEOPETUUECKUX PE3yJbTaTOB U PE3YJIbTATOB YHCICHHOTO MOJEIUPOBa-
HUSI Ha OKCIIEPUMEHTAIBHBIX CTEHJAaX UId IpeoOpa3oBaTenell HaNpsDKEHHS U
COBEPIIIEHCTBOBAHUS METOANK CHHTE3a CUCTEM YIIPABICHUS U IPOBEPKH UX P Pek-
TUBHOCTH. [IprMepsl IKCTIEPIMEHTAIBHBIX CTEHAOB JJIS CHCTEM YIIPaBICHHS Ipe-
o0Opa3oBaTensIMi HallPsOKEHHUST MOYKHO HaWTH, Hanpumep, B padorax [10-12].

B crarbe mpuBOAMTCS OMHCAHWE CTEHJIA, B OCHOBY KOTOPOTO TOJIOXKEHA CXe-
Ma npeobpazoBarenst Kyka [13—15]. Crenn npenHasHadeH A SKCIIEPHMEHTAIb-
HBIX HCCJEIOBAHWH CHCTEM YNPAaBJICHHS, B YaCTHOCTH, Ul anpoOariy HOBBIX
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JITOPUTMOB yIpaBJIEeHUs npeodpasoBareneM Kyka, KOTOpbIE OBIIHM MPEII0KEHBI
B paborax [16—19]. [IpenBapuTenbHO OBLIa BHIIIONHEHA MPOBEPKA pabOTOCTIOCO0-
HOCTH TIPEAJIOKEHHBIX aJTOPUTMOB yIPaBICHHUS MyTeM UMHUTALMOHHOTO MOJEIH-
pOBaHUsl B CIEIMATM3UPOBAHHOM MporpaMmHoM obecriedennu PSIM, a takxke
Matlab/Simulink. ANropuTMmbl yHpaBieHUST Ha CTEHIE pEalIM30BaHbl MHKPO-
xoHTposuiepoM (MK), uTo mo3BosiseT NPOBOAUTH 3KCIEPUMEHTAIbHbBIE HUCCIEN0-
BAaHMA JUIsl Pa3IMYHBIX BAPHAHTOB IOCTPOEHUS CUCTEMBI YIIPaBICHHUS.

1. DYHKIIMUOHAJIBHASI CXEMA MAKETA

C 11e7pI0 HCCIEIOBAaHUS CBOMCTB Npeobpa3oBartens Kyka ¢ pa3nndHbIMU ajro-
pUTMaMH yIIpaBiIeHHs ObUI peali30BaH MakeT, (YyHKIHOHAIbHAs CXeMa KOTOPOTO
[IOKa3aHa Ha puc. 1.
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Puc. 1. DyHkuyoHanbHas cXxeMa MaKeTa

Ha nanHO# QyHKIMOHANEHON CXeMe MpeJCTaBiIeHa 3JIeKTpUIecKasl 4acTh Ipe-
00pazoBaTessi COBMECTHO C JJATYNKAMH U MUKPOKOHTPOJIIIEPOM.

Bbnox 1 Ha puc. 1 — mukpoxonTpomiep STM32F107, ucnons3yemslil aius pea-
JU3AIMH aJITOPUTMOB YIpaBieHHs. Vcronb3yeMblii MUKPOKOHTpOJUIEp 00anaeT
HEOOXOANMBIMH BBIYHCIUTEIBHBIME pecypcaMu (TakToBas wactora 72 MI'm).
B ero cocras Bxoaar moayns IIMM (Monyss mo3BossieT GOpMHPOBATH NUMITYIIBC
ynpasneHus), aBa aeeHaanatuOuTHBIX ALl s pa6otsr ¢ ALIII Bo3MOXXHO HC-
MIOJIB30BaTh TONBKO 15 ompemeneHHBIX MOPTOB BBOAa/BeIBoAa. K mobomy u3 mo-
CTYTIHBIX BBIBOJOB MOKET OBITh MOAKIIOUEH Jt000i Momyns ALII ¢ ycmoBuem: k
OAHOMY M TOMY XKC€ IMOPTY BBO}]a/BLIBOI[a OOIHOBPEMEHHO HECJIb3s IMOAKIIOYATH
moxaynu ALIIL.



134 P.U. Axumos, E.A. Axcenos

Broxu 2, 3 — matumku HampspkeHUs. B ocHoBe matumka nexut auddepenmn-
aNbpHOE BKIIFOUEeHHE ornepannonHoro ycmnurens (LM385). Jlatunku paccauTaHsl Ha
JMana3oH HampspkeHui oT Hynd 10 50 B (cymecTByeT BO3MOKHOCTD PaCIIMPEHUS
JMana3oHa U3MEepPeHus MMyTeM KOppeKIuH K03 ULreHTa epeaadn).

bnok 4 — npaiiBep, npeobpasyromuii uMiryaschl ynpasienuss MK B kommyTa-
LIMOHHBIE CUTHAJBI JUISl CUJIIOBOTO KITIOYa.

Bnok 5 — maTuMk TOKa, BHIOJHEHHBIH Ha CIIEIHMAIN3UPOBAHHON MHKpOCXeMe
ASC712 (amama3oH M3MeEpsSeMOro 3Ha4eHUs TOKa OT Hyss a0 30 A), ¢ kotopoi
noctynaer curian Ha ALl MHKpOKOHTpoiepa, HpOIOPIHNOHANBHBIA 3HAYEHHIO
HN3MEpPEHHOTO TOKa.

B Makere uCIONB30BaHBI CHIJIOBBIE JAPOCCETH CIENYIONIEro HOMHHANA:
L1=456 mx['m, L2 = 317 mx['H. 3HaueHNS eMKOCTeH KOHICHCATOPOB PaBHBI BEJIH-
yuHe C1 = Cl = 470 mx®. B kagectBe cmioBoro kmoda ucrnonas3zoBaH MOSFET
IRF3808PBF, a B xauectse cmiosoro anoga STTH2003CG.

2. IPUHIIUITUAJIBHAA CXEMA MAKETA

Peanmzanus 6moka 1 (puc. 1) 6onee mompoOHO Moka3zaHa Ha puC. 2, TIe U300-
pakeHa MHUKpOIIPOIIECCOpHAs 4acTh, coxepxamas MK u ero BcrmomorarenbHbIE
anemeHTsl, a MK mpencrasnen mukpocxemoit DD2.
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Puc. 2. MukponporneccopHas 4acTh

Peanmzanus 6mokoB 2, 3 (puc. 1) moka3zaHa Ha puc. 3, TA€ JaTYNKU HAIpsDKe-
HUS peann3oBasbl ¢ momomrsio OY (anementsl DA1A, DA1B).
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Puc. 3. JlaTuniku HanpspKeHUS

Cxema peanmzanuu Onoka 4 (puc. 1) mIs ynpaBieHHsS CHIOBBIM KIIFOUOM
VT1(puc.1) npeacrasnena Ha puc. 4.
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Puc. 4. JIpaiiBep ynpasiieHHsl CHIOBBIM KIHOUOM
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Ha puc. 5 mokasansl cmioBas 4dactb npeobOpa3oBarens Kyka m maTduk Toka
(Muxpocxema DD1).

IN DC

L1

d I P OUT DC
1l N\,

C IN 1

1

AD
PWM KEY
NI
C buf
C buf
I

Puc. 5. CuitoBas yacTh MaKeTa ¢ TaTYUKOM TOKa

HHS[ MOAKIIIOUCHUA CTEHIAAa MCHOJIB3YIOTCA pa3beMbl, NPEACTAaBJICHHLBIC Ha

puc. 6:

X1 — BxoJI, uepe3 KOTOPHIN ¢ BHEIIHETO UCTOYHHKA MMUTAaHUS MTOCTYTAeT Hampsi-
xenue 3,3 B, HeoOXo1uMoe ISl TUTaHUST MUKPOKOHTPOJLIEPa;

X2 — Ppa3beM, Uepe3 KOTOpLIﬁ NOCTYIACT MUTAIOMICC HAIPS)KEHUE HA z[pai/'IBep;

X3 — pazbem
X4 — pazbem

JJIA IOAKJTFOYCHU A HAarpy3KHu,
IIUTaHUA JaTYUKaA TOKA,

X5 — pazbeM 1Sl BXOTHOTO HCTOYHHKA HAIPSHKECHHUS;
X6 — pazpem mis unTepdeiica cs3u UART, uconsizyemsrit s ceszu c [1K.

X1
(— Lens
3.3V 1 | ree
GND 2 | GND

X4
6 Lens

sV

/_\ 1| vee
Ay e

X2 X3
& | tem & | Lem
/VCC' 3V 1 | vee /OL'T DC 1 | vee
;—GND 2 | GND ,'—GND 2 | GND
X5 X6
& | Lem & | e
IN DC 1 | vee UART TX 1 | vee
,'—GND 2 | GND UARTRX T T | 2 | GND

Puc. 6. Pa3neMbl
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C uenpio OTJIAJKH MHKPOIPOLIECCOPHOI YacTH CTeH[a, AITOPUTMOB yIIpaBiie-
HUA U OTCIIC)KUBAHUA TCKYIIETO COCTOAHUA CHCTEMBI UCIIOJL3YCTCA CICIUaIbHasA
nporpamma Ha si3bike Cu#, TanoroBoe OKHO KOTOPOU TPeJICTaBIEHO Ha puc. 7.

S PVCx20 *
01 0002 00 Options Conirol Box

CoM10 w ADRESS _OFFSET —_—

Open Por DATA

S e
BH‘;_? ......................................... 7 Bafiar Cortral [ Autc Repesl | TEST
%Zi s Channel 1 —
R 4 o . Oanmel2 — :l—
R¥5 ——— -
CHC RAX RECEVE ————— - Channel 3 —
CAC_RX_CALCULATE

Channs 4

R e e
L. T e — L Chiannel §
™2 — -
T® 3 Cranngle — __
TH 4 e o -
TS = Ciacrete D000 START
CRC_TE_TRAMSMIT ———8 — -

Puc. 7. Buemnuii BUj 11anoroBoro OKHa TepMHHaIa

OTa mporpamMMa Mo3BOJSIET CIUTHIBATh HeoOxoaumele nanHblie ¢ MK, a Taxke
OCYILIECTBIISITh MEPEHACTPONKY KOI(P(PHUIMEHTOB, HE MEHSS IMPOIIUBKH MHUKpPO-
KOHTpOJUIEpA.

C nenpro obecrieueHns TaTbBaHMYECKOH Pa3BA3KH MEKITY MHUKPOIIPOIIECCOPHON
yacThio cTerna u [IK ucrnomnn3yercs cxema Ha puc. 8.

[IpencraBnennslii Moxyab oOpasyror aBe Mukpocxembl — FTDI m ADUM.
Muxpocxema FTDI o6pasyer nepexoguank USB-UART, a ADUM nHeoOxomuma st
obecrieueHNs TallbBAHUIECKON M30JISIIMN CUTHAJIOB.
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OnwucaHHBIN CTEH]I TIO3BOJISIET POBOIUTE IMUPOKHUH CIIEKTP SKCIIEPUMEHTAIb-
HBIX UCCIIEIOBAHHUHN /TSI Pa3iIMYHBIX CTPYKTYP U aJlTOPUTMOB YIIpaBJIEHHs Ipeodpa-
30BaTeNeM HaIPSDKEHHS, BBIOIHEHHOTO o cxeMe Kyka, Ha OCHOBE KOTOPBIX MOX-
HO OLEHHUTH 3((HEKTUBHOCTD PA3IMYHBIX MOJXOJO0B K IOCTPOCHUIO CHCTEM YIpaB-
JICHUS IPe00Pa30BaATENIIMH OCTOSIHHOTO HANPSHKEHMUS.

CIIMCOK JIMTEPATYPbBI

1. Bunosves I'.C. OCHOBBI CHIIOBOI 3JIEKTPOHUKHU: yueOHOe mocobue. — Hoo-
cubupck: Mzn-so HI'TY, 2009. — 671 c.

2. Erickson R.W. Fundamentals of power electronics. — [S. 1.]: Springer Science
& Business Media, 2013. — 773 p.

3. Mwmamos 3.I11. MuKpoIpoIiecCOpHOE yIpaBIE€HUE >IEKTPONPHUBOIAMH H
TEXHOJOTUYECKUMU OOBeKTaMH. lloMMHOMHMHAIBHBIE METOIBI: MOHOTpadus. —
Exarepunbypr: YI'TY-VIIH, 2007. — 278 c.

4. Jluxowepcm B.A. TlomynpoBOTHUKOBEIE TPEOOpa3oBaTeIH SICKTPUICCKOMN
SHEPruM C UMITYJIbCHBIM perynupoBaHueM. — ExarepunOypr: YI'TY-YIIU, 2000. —
116c.

5. Cancanes A.B., Xapumonoe C.A., Aneasun E.M. Cucrema 3ieKTpocHabxe-
HHS aBTOHOMHBIX TPAHCIIOPTHBIX 00BeKTOB // OMCKUI Hay4HbIH BecTHHK. — 2013. —
Ne 2 (120). — C. 249-253.



Cmeno 01 9KChepuMeHmanbHuIX UCCIe008anull cucmem ynpasnenus npeobpasosamenem Kyka 139

6. Yurkevich V.D. Design of controller for buck-boost converter // Proceedings
of 9th Russian-Korean International Symposium on Science and Technology,
KORUS-2005, Novosibirsk, Russia, 26 June — 2 July 2005. — Novosibirsk, 2005. —
P. 741-745.

7. Yurkevich V.D. PWM controller design based on singular perturbation
technique: a case study of buck-boost DC-DC converter // Proceedings of the 18th
IFAC World Congress, Milan, Italy, 28 August — 2 September 2011. — Milan,
2011. —P. 9739-9744. — doi: 10.3182/20110828-6-1T-1002.00963.

8. Yurkevich V D., Zinoviev G.S., Gordeev A.A. PWM current controller design
for multi-level DC-DC converter via singular perturbation technique // The 12th
International Conference and Seminar on Micro/Nanotechnologies and Electron
Devices (EDM 2011), Erlagol, Altai, Russia, 30 June — 4 July 2011. — Novosibirsk,
2011.—P. 390-398.

9. Ryvkin S., Himmelstoss F.A. Control problem of a novel low-voltage DC
converter / COMPEL: The International Journal for Computation and Mathematics
in Electrical and Electronic Engineering. — 2012. — Vol. 32, iss. 1. — P. 220-232.

10. Pomanog A.B. DxcnepuMEHTaNbHOE HCCIEAOBaHUE YCTOWYMBOCTH UM-
MYJIbCHOTO Tpeo0pa3oBaresi MOCTOSHHOTO HaNpsDKeHUs // DNeKTpOTeXHUUECKHe
KOMIUTEKCH U cucTeMsl yrpapienns. — 2008. — Ne 1. — C. 52-53.

11. Numerical and experimental study of the region of period-one operation of
a PWM boost converter / E. Toribio, A. El Aroudi, G. Olivar, L. Benadero // IEEE
Transactions on Power Electronics. —2000. — N 15 (6). — P. 1163—-1171.

12. Experimental results of laboratory tests of electrical starting system
powered by a DC source / M.A. Zharkov, P.A.Bachurin, S.A.Kharitonov,
D.V. Korobkov, R.Yu. Sarakhanova, V.S. Simin // Proceedings of 17th Interna-
tional Conference of Young Specialists on Micro/Nanotechnologies and Electron
Devices (EDM 2016), Erlagol, Altai, 30 June — 4 July 2016. — Novosibirsk, 2016. —
P. 623-627.

13. Cuk S., Middlebrook R.D. A new optimum topology switching DC-to-DC
converter // Proceedings of IEEE Power Electronics Specialists Conference
PESC’77, 14-16 June 1977, Palo Alto, California. — New York: IEEE, 1977. —
P. 160-179.

14. Cuk S. A new zero-ripple switching DC-to-DC converter and integrated
magnetics // Proceedings of IEEE Power Electronics Specialists Conference
PESC’80, Atlanta, Georgia, 16-20 June 1980. — New York: IEEE, 1980. — P. 12-32.

15. Chen Z. PI and sliding mode control of a Cuk converter // IEEE Trans-
actions on Power Electronics. —2012. — Vol. 27, iss. 8. — P. 3695-3703.

16. Aksenov E.A., Yurkevich V.D. Control system design based on sliding mode
control and singular perturbation technique for a Cuk converter // Proceedings of
the 13th International Scientific-Technical Conference on Actual Problems of
Electronic Instrument Engineering (APEIE-2016), Novosibirsk, Russia, 3-6
October 2016. — Novosibirsk, 2016. — Vol. 1, pt. 3. — P. 77-82.



140 P.U. Hxumos, E.A. Axcenos

17. Aksenov E.A., Yurkevich V.D. Sliding mode and time-scales in control
system design for a Cuk converter // Proceedings of 17th International Conference
of Young Specialists on Micro/Nanotechnologies and Electron Devices
(EDM 2016), Erlagol, Altai, 30 June — 4 July 2016. — Novosibirsk, 2016. — P. 401-406.

18. Axcenos E.A., FOpxeeuu B./]. CuHTe3 KaCKaAHON CUCTEMBI YIPABIEHUS IJIs
nipeobpazosatenst Kyka // Coopuuk Hay4unsix TpynoB HI'TY. —2015. — Bem. 3 (81). —
C. 7-20.

19. Aksenov E.A., Yurkevich V.D. Cascaded control system design for a Cuk
converter via singular perturbation approach // Proceedings of 16th Annual Interna-
tional Conference of Young Specialists on Micro/Nanotechnologies and Electron
Devices (EDM 2015), Altai, Erlagol, 29 June — 3 July, 2015. — Novosibirsk, 2015. —
P. 534-541.

Axumoe Poman Hzopesuu, unxenep MucturyTa cunoBoi anekrponuku Hoso-
CHOMPCKOTO TOCYIapCTBEHHOTO TEXHHUYECKOTOo yHHMBepcuTeTa. OCHOBHOE Harpas-
JIHWE HAYYHBIX HCCIIEIOBAaHHH — CHIIOBas 3JIEKTPOHHMKA, HMITYJIECHBIE IpeoOpa3o-
Barenu HanpspkeHus. E-mail: RomanNSTU@yandex.ru

Axcenoe E¢pum Anopeesuu, marucrpant xadenpsl aBromatnka HoBocnOup-
CKOTO TOCYIAapCTBEHHOTO TEXHHYECKOTo yHHBepcuTera. OCHOBHOE HaIpaBIICHHE
Hay4HBIX HCCIIEIOBAaHMN — YNpaBJICHHE B TEXHWYECKHX CHCTEMaX, WMITYJIbCHbIC
IpeoOpa3oBaTeNy HaNpsDKeHWs, CHIIOBAas 3NeKTpoHmka. Mmeer 9 myOmukanmm.
E-mail: efimke54@gmail.com

Testbed for Experimental Study of Cuk Converter Control Systems”
R.L Jukimov', E.A. Aksenov’

! Institute of Power Electronics, Novosibirsk State Technical University, 20 K. Marx Prospekt,
Novosibirsk, 630073, Russian Federation, Engineer. E-mail: RomanNSTU@yandex.ru

* Novosibirsk State Technical University, 20 K. Marx Prospekt, Novosibirsk, 630073, Russian
Federation, Master student, Automation department. E-mail: efimkeS4@gmail.com

Switching power converters are widely used in order to provide output voltage stabilization of
direct current off-line supply sources. There is huge set of DC-DC pulse converters, particu-
larly, Cuk converters are frequently used. The distinctive feature of Cuk converters is the low
level of high frequency noise which is generated by converter due to its switching operation.
However, transient performance insides are imposed upon the output voltage and its satisfac-
tion highly depends on effectiveness of applied control algorithms. Control system design for
voltage converters is studied in plenty of works, but the discussed results are only numerical
simulations. Therefore was decided to implement a testbed for performing experiments, which
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results can be compared with simulated ones. It is based on Cuk scheme with following ele-
ments values: power conductors L1= 0.456 mH and L2 = 0.317 mH, capacitors C1 = C1 =
= 0.470 mF, power switch — MOSFET IRF3808PBF, power diode — STTH2003CG. As con-
trol system is used digital one, realized on microcontroller (MC) STM32F107. Discussed
testbed has a sampling rate as 30 kHz, uses 3 ADC channels (the first one for receiving data
from current sensor, the second — from sensor of voltage on buffer capacitor, the third — from
output voltage sensor). Sensing element of input current, realized on special ship ASC712, is
used for measurement of current though input conductor (L1). Voltage sensors are constructed
based on various connection layouts of operational amplifier (chip LM358) and intended for
measurement of voltage on buffer capacitor (C1) and converter output. Special driver provides
signal conditioning between power switch and MC. During a setup a connection between per-
sonal computer (PC) and MC is required. USART was chosen as communication interface.
Testbed reliability is ensured by electrical isolation realized on certain circuit board (it con-
tains two chips with required electrical elements. Chip ADUM provides electrical isolation
and chip FTDI is USB-UART adapter). Presented functional scheme shows the mutual inter-
actions between main components. Schematic circuit and its description are also presented. In
order to debug microcontroller part of the testbed and control algorithms, monitor current sys-
tem state special program is used.

Keywords: DC-DC converters, switching converter, Cuk converter, power electronics, pulse-
width modulation, microcontroller
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