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AHHOTanMs

B pabore mpencrasiieHa paspaboTka PyHKIIMOHAIBHOM M IPUHLINIINAIBHON
CXeMBbI THPWUCTOPHOIO IIpeoOpasoBaTeslss YacTOThI I IIyCKa W yIIpaBJIeHMs
CMHXPOHHBIM 3JIeKTpoaBuraresieM MoIIHOCTEIO 30 KBT, mcrionb3yeMoro B cocrase
aspoagmHaMuueckonm TpyOrl. Pabora HampasileHa Ha pellleHVe WHXEHEPHO
3ajaumM = CO3OaHMs  SKOHOMMYHOW M HaOEXHOW  CUCTEMBI  YIIPaBJIEHVISI
3JIEKTPOIIPUBOJIOM, 0OecIIeunBaroIlell YCTOMUMBYIO paboTy B pasjIMUHBIX PeXMaXx
Ipy MMHVMAQIBHBIX 3aTpaTaX. AKTYaJIbHOCTb pa3paboTkm  oOycsIoB/IeHa
HeOOXOIMMOCTBIO MOAEPHM3ALMN YCTapeBIIero 1abopaTopHOro o0OpyA0BaHMS U
HedUIINTOM JOCTYIIHBIX PeIleHM jIg y4eOHBIX ¥ VCCIIe[IOBaTeNIbCKMX 3agad.
Vcnorib30BaHVIE HEZIOPOTOV 3JIEMEHTHON 0a3bl Oe3 IIpVMeHeHMs ITPOMBIITUIEHHBIX
MoJIyJleyl TIO3BOJIWIO CHM3WUTH CTOMMOCTb YyCTpowcTBa 0Oe3 yilepba I ero
dyHKuMoHaIBHOCT. Mopenuposadie cxeMbl B cpefe Proteus obecrieunsio
IpeBapUTEIbHYI0 OTJIaAKy JIOTVMKW, IIPOBEPKY B3aVIMOAEVICTBYA CUJIOBOM U
YIpaBJIAIONIeN YacTel, a TakXe aHaJIu3 IepexOomHbIX IiporieccoB. Ilomydennbre
pe3yJbTaTel IIOATBEpPXHAAIOT 3P PEeKTUBHOCTh IIPeJIOKEeHHOro IIOAXO[da U ero
IIPVIMEHVIMOCTb B 00Opa30BaTesIbHBIX 1 SKCIIepUMeHTaIbHbIX YCTaHOBKaX.

KiroueBnbie cj10Ba

mpeoOpa3oBaTeslb  YacTOThI, CUHXPOHHBIVI  JBUTATENIb, TUPWUCTOPHBIN
VIHBEPTOD, MUKpOCXxeMa TCA785, IIVPOTHO-VMITYJIbCHAsA MOTYJISILIVISL,
dyHKIIMOHA/IBHAA CcXeMa, OpMHIOMOMAIbHAs cxeMma, MopennposaHue Proteus,
yIIpaBJleHVie 3JIeKTPOIPUBOIOM, TpaHCOpMaTOP rajlbBaHNUeCKOV Pa3sBA3KI.

BBeneHne

B Hacrosiee Bpems cyIlecTByeT OOJIBIIIOE KOJIMYECTBO TeOPeTUUYECKUX U
IIPaKTUYIeCKVX PeIleHnil 0 peaym3aiiumu mpeobpasosarestent yactorsl ([1TH), gro
HofTBepXXIaeTcsd IIMPOKMM CIIEKTpPOM cCxeM, ONyOJIMKOBaHHBIX B Hay4YHON

JIMTEparype, lareHTax " NMHXXEHEPHDBIX CIIPaBOYHMKAX. O,[LHaKO IIpr 5TOM KpaﬂHe
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PeIKO BCTpedaloTCsi IpUMephl, B KOTOPBIX CXeMBI IIpeoOpasoBaTesiell He TOJIBKO
MOJEJINPYIOTCS, HO 1 IOJIHOCTBIO peaIn3yIOTCs B BUJIE JIeTICTBYIOIIEro YCTPOVICTBa,
cOOpaHHOTO M3 AOCTYIHBIX paznosieMeHToB. OcoOeHHO 3TO aKTyaJIbHO IIPU
paspaboTke IpeobpasoBaTesiel Ii MOIIHBIX 3JI€KTPOIIPVMBOMIOB, ITle BBICOKAs
CTOMIMOCTB IIpOMBIIIIeHHBbIX [TY fetaeT akTyaslbHOM 3ajavuy X CaMOCTOSATEIbHOIO
npoeKTrpoBaHMs 1 cOopky [OmmbKa! VIcTOUHMK cChIKM He Harvi/ieH. |.

B pamkax manHOM paboTbl paspaboTaHbl Kak (pyHKHMOHAJIbHasl, TaK U
IpUHIINNONAJIbHAsA  3JIeKTpudecKast cxeMa  IIpeoOpasoBaTeslsi  YacTOTHI,
IpeJHa3sHa4YeHHOro [UIs  yIpaBjleHWs CUHXPOHHBIM  3JIeKTpoIBUraTeeM
MomHocTbio 30 kBT, ycTaHOBIIEHHBIM B COCTaBe a3pOAMHAMUYECKON TPYOBL.
IIpoekT peasm3oBaH Ha Oase MMelOIIeViCsa 3JIeMEHTHOV 0a3bl C IIpUMeHeHVeM
CWIOBBIX TMPUCTOPOB B KauyecTBe OCHOBHBIX KOMMYTHUPYIOIIMX 371eMeHTOB. Bce
CXeMHBble pellleHVs ObUIM IIpegBapuUTeSIbHO IIPOMOIEIMPOBAHbL B IIPOTrPaMMHO
cpene Proteus, uTo ITO3BOIWIIO IIPOBECTM IIPOBEPKY PabOTOCIIOCOOHOCTY, JIOTMKM
yIIpaB/IeHVs 1 [IapaMeTpOB CUTHaJIa Ha 3Talle IIpoeKTupoBaHus. [locste ycrenson
BepudmKanmum cxeMbl OpUla cobpaHa wsmdeckas MoOAeIb  yCTPOWCTBA,
IIOATBEp KAAOIasi BO3MOXXHOCTh ITPAKTMYECKOW pean3aluy paspaboTaHHOIO
pemernss [Ommbka! VIcTouHMK ccbUIKM He HampgeH.-Ommbka! VicrouHmk
CCBUIKM He HaWViJeH.|.

Ilenpro gaHHOV PalOTHI sBJIeTCS pa3paboTKa M peajm3allvsl CUCTEMBI
yIIpaBIIeHMs Hpeo6pa3OBaTeJ1eM 4acToOThI, oDecrieumBaroier HaaeKHbI IIyCK ™"
yCTOMUMBYIO ~ paboOTy  CHMHXPOHHOIO JIeKTPOABUTaTeII B COCTaBe
SKCIIepUMEeHTaJIbHOV YCTaHOBKY, C VCIOJIb30BaHVEM JOCTYIIHBIX Pafo3/IeMeHTOB
U C yIIOPOM Ha 3KOHOMUYHOCTB, BOCIIPOM3BOAMMOCTD VM IIPOCTOTY HaCTPOVIKMA.

KirroueBort 0c0OO0eHHOCTBIO TIPeIJIOKEHHOV CUCTEMBI SIBJISIETCS VICIIONIb30BaHVIe
crienuanusupoBanHori  MuKpocxembl TCA785 B KadecTBe  yIpaBIIAIONIETO
JleMeHTa.  DJTa  MMKpocxeMa  IpefHasHadeHa i1 (OpMMpPOBaHWA
dasoympasisieMbIX ~ MMITYyJIBCOB M yIpaBjleHMs  CUMMETPUYHBIMM U
HeCMMeTPUUYHBIMM  HarpyskamMy Ha OCHOBe TUpPUCTOpPoB. OCHOBHBIMU
dysxumsamn TCA785 gBisttoTcss dpopMuUpoBaHMe YIPaBIIAIOMIVIX VMITYJIBCOB C
peryjipyeMbIM yIJIOM CIOBUTa, CMHXPOHM3aLMd C CeTeBbIM HaIlpsDKeHVeM (depes
cxeMy OOHapyXeHMsl HyJIs), a TakKXkKe YCTOMUYMBOe ¥ Ha[&KHOe YIIpaBJleHle
KOMMYTallMiell B YCJIOBMSIX IIepeMeHHOro HalpsbkeHus. briaromaps BBICOKOV
CTeIleH! VIHTeTrpaluy M HaJIM4YMIO BCTPOEHHBIX 3alllUTHBIX VI CHXPOHW3VPYIOIIVIX
dynkumnn, TCA785 obecriedrBaer cTabWwIbHYIO paboOTy cxeMbl ¥ IIO3BOJISIET
n3bexaTp HOpUMeHeHMs CIOXKHBIX [IVCKPEeTHBIX Y3JI0B yIipasieHus [OmmoOkal
VIcTOUHMK cCBUIKM He HavieH.].
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[ TIOBBIINIEHMST HaAE&KHOCTMI WM 3JIEKTPOOE30ITacHOCTI B CXeMe
VICIIOJIb30BaHbl  IIOHVDKAIOIIVe M pasBg3blBalolliie  TpaHCOpPMaTOpBl,
yCTaHOBJIEHHBle  Ilepel IIofadell  HaIpsDKeHMS  Ha  CWIOBYIO  YacTb
npeoOpasoBaresid. VIx mpumMmeHeHMe OOYCIOBJIEHO HECKOJIBKMMM KPUTUYECKN
BaXHBIMU paKTOpaMu:

l'asbBaHMUecKad pasBsA3Ka MeXOy LernsMu YIIPaBjIeHWs W CWIOBBIMU
3JIeMeHTaMy obecrieunBaeT 3alllUTy yIIPaBIIAIOIel JIOTVKI OT BBICOKOBOJIBTHBIX U
IIepexOIHbIX ITPOLIeCCOB B CYJIOBOVI YaCTVi;

@opmupoBaHIle HEOOXOOVIMBIX YPOBHEV HaIpsDKeHWs, COOTBETCTBYIOIIVX
pabounMm mapameTrpaM TUPUCTOPOB, MO3BOJISIET ONTUMM3MPOBATH  yCIIOBUSA
KOMMYTalIU ¥ CHU3UTD TEeIUIOBbIe Harpy3KM Ha CYJIOBble KOMITOHEHTBI;

Pacripenernienne m cuMmmerpmsanms (asHBIX HaIPsDKEHUN CIIOCOOCTBYET
KOPPEKTHOV paboTe IIeCTH THPUCTOPOB, U oDecrieurBaeT paBHOMEPHYIO Harpy3Ky
Ha Kaxayio dasy;

CHpKeHMe 3JIeKTPOMarHUTHBIX IHOMeX U (PWIbTpalys BbICOKOYACTOTHBIX
COCTaBJISAIOIINX, BOSHVKAIOIIVIX ITPVI IIePeKJIIOUYeHN TYPVICTOPOB.

TakuMm oOpasom, paspaboTaHHast cucTreMa yIpaBjleHUs IIpeoOpa3oBaTesieM
YJacTOTHI codeTaeT B cebe TOCTYIHOCTH, (PyHKIIMOHAIBHOCTh M HaIéXHOCTh. OHa
OpMeHTMpPOBaHa Ha IIpUMeHeHVe B JSKCIepPUMEHTAJIbHBIX W J1Ia0OpaTOPHBIX
yCTaHOBKax, Ife TpeOyeTcs rmOKas HacTpoVKa IIapaMeTpOB, a TakKke B yCJIOBMSIX
OrpaHMYeHHOI'O Oropkxera, 4Yro [eJjaer eé IIPaKTUYeCKOV aJIbTepHaTVBOW
JOPOrOCTOSIIVIM ITPOMBIIIIEHHBIM PeIleHVIsIM.

B Hacrosiiiee BpeMsi cyltlecTByeT OOJIBbIIIOe pasHOOOpasye IpeoOpasoBaresiet
vactoTel (ITY), KoTOpble pasmmMuaroTcss KakK II0 CXEMHBIM peIleHMsM, TaK U II0
UCIIoIb3yeMon  2jleMeHTHoOM Oasze. HamOosiee 1mmMpoko pacmpocTpaHEHHOM
SBJISIETCS CXeMa JBOVIHOTO IIpeoOpa3oBaHysl, BKIIIOYAOIas BEIIPSIMUTENTb, (PVIIBTP
IIOCTOSHHOIO TOKa ¥ aBTOHOMHBIVI MHBEPTOP, pean3yeMble Ha Oas3e pas/IMUHbIX
CVWIOBBIX KOMIIOHeHTOB — Tupuctopos, IGBT, MOSFET n gpyrux [8-9]. Hanbortee
Om3kMMM K paspabaTbiBaeMOVI cXxeMe SBJISIIOTCSI pellleHNs, OCHOBaHHBIe Ha
TpéxdasHOM 3aBUCMMOM WHBEPTOpe TOKa C [JOIOJIHUTEIbHBIMM (a3HBIMU
VICTOYHMKAMV HaIpsDKeHMs. YCTPOVICTBO ¢ MOLOOHOV apXMTeKTypOV 3aIlIIeHO
natrenToM [AP20250300 [Ommbka! VIcTOYHMK cCBUIKM He HaViJeH.] 1 IIOCITyXWIO
OCHOBOVI JIsL CO3[aHMsA OoJiee IIPOCTOM M HAOCTYIIHOM CXeMbl IIpeoOpasoBaTesis
4acTOTBL. B oTmyme oOT 3allaTeHTOBAaHHOIO YCTPOVICTBa, IHpelcTaBleHHas B
HacTodIllell paboTe cxeMa OpMEHTHpPOBaHA Ha WCHOJIb30BaHME HJOCTYIIHBIX
KOMIIOHEHTOB ¥ YHIPOIIEHHOe (pa3oBoe yIpasiieHMe TUPUCTOPHBIM MHBEPTOPOM,
uTO oDecrieunBaeT eé MPaKTNYeCcKylo IIPUMEeHMMOCTh B JIa00OpaTOPHBIX 1 YU4eOHBIX

YyCTaHOBKaX.
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B To xe Bpemsi mpeoOpasoBarern ¢ mHBepTOopamMy Ha IGBT-Tpansucropax
obOecrieunBatoT Oojylee BBICOKYIO YacCTOTy IIepeKIIoYeHMs W  BO3MOXKHOCTb
dopMupoBaHMs BBIXOOHOIO CUTHajJa C YJIydllleHHOM opMont Osaromaps
IIPVMMEeHEeHNIO MIMPOTHO-MMITyIbcHOM Mopyysiaun  (LIHVIM). Drto  pernaer  mx
IIPENIIOYTUTETIFHBIMY  [UTSI IIPVIBOAHBIX CHUCTEM C BBICOKMMM TpeOOoBaHMAMMU K
AVHaAMIKe M KaueCTBY BBIXOAHOro Toka. OmHAKO Takue cucTeMbl TpeOyroT Oostee
CJIOKHBIX CXeM YIIpaBJIeHNs, CIelVaJI3VIPOBaHHbBIX IPaviBepoOB U 3alllUT, a TakxKe
OTJIMYAIOTCSI MEHBIeV YCTOMYMBOCTBIO K IIOMe€XaM W aBapUMHBIM peXnMaM,
0COOEHHO B yCJIOBMSIX HECTAOMIIBHOIO JIEKTPOIIUTAHMSL.

CiienyeT Takke OTMETUTBH, UYTO OOJIBIIMHCTBO COBPEMEHHBIX pa3spabOTOK B
obrmactm IIY orpaHmumBaroTcs mMbO TeopeTMUecKMMM VICCIIeIOBAHMSAMMY, JIMOO
IIpOrpaMMHBIM MOAeIMPOBaHNMeM. 3aBeplIéHHbIe, TPAKTUYeCKN pealn30BaHHBIe
IIPOEKTHI, OCOOEHHO C VCIIOJIB30BaHMEM HEHOPOTMX W IOCTYIIHBIX KOMIIOHEHTOB,
BCTpeYaroTCs JOCTaTOYHO PeLIKo.

B aTOM CBSA3M pencTaBiIsgeT MHTEpeC cxeMa TUPUCTOPHOTO IIpeoOpasoBaTesIs
YJacTOTHI, pa3paboTaHHAas B paMKax JIaHHOV paboThl. YCTPOVICTBO CIIPOEKTUPOBAHO,
CMOZEIMPOBAHO ¥ COOpaHO C IIeIbI0 3allycKa CHMHXPOHHOIO 3JIeKTPOBUraTesIs
MomHocTeI0 30 KBT B cocraBe aspoamHamMmdeckoym ycTaHOBKM. Takom momxop,
JeMOHCTPVIPYeT BO3MOXKHOCTh CO3[IaHMs IIOJIHOLIEHHOV CUCTeMBl YIIpaBJIeHMs
PIEKTPOIIPMBOOAOM IIPVM MMHMMAJIBHBIX 3aTpaTax WM C  WCIIOJIb30BaHMEM
VICKJTIOYUTEJILHO JIOCTYITHOVI 3JIeMeHTHOV Oa3bl.

MeTtoanka s3KcriepuMMeHTa

PaspabOoTtanHasi cxema BKIIOYaeT Cilefyfolie QYHKIMOHaJIbHbBIE —Y3JIbL:
BXxogHOM BeIIpsAMuTenb, LC-pwibTp Ha 0Oase WMHIYKTMBHOCTU W EMKOCTH,
TUPUCTOPHBIN MHBEPTOP, CUCTeMYy (Pa30BOro yIIpaBJleHVs Ha OCHOBE MUKPOCXEeMBI
TCA785, a  Taxke  paspsspBatonuit  TpaHcdopmarop.  IIpumenenue
TpaHcdopmaTopa obeclieunBaeT TaJIbBAaHUYECKYIO Pa3BA3Ky MeXy yIIpaBiIsiolIier
Y CVWJIOBOVI YaCTSIMV, IIOBBIIIAET 3JIeKTPOOe30IIacHOCTh M YCTOMYIMBOCTh CXEMBI K
WIEKTPOMarHUTHBIM ITOMexaM. YIIpaBjieHVie TUPUCTOPaMi peas30BaHO MeTOI0M
dazoBoro perynamMpoBaHMs, 4YTO MHO3BOJIWIO OTKasaTbcad OT ciIoxHbx VM-
KOHTPOJUIEPOB U YIIPOCTUTH CXeMy 0e3 MoTepyt KIIIOUeBbIX (PYHKIIU yIIpaBIeHMs.
ITpm >TOM COXpaHseTCd BO3MOXHOCTL PEryJMpOBaHMSA KaK  BBIXOJHOIO
HaIlpsDKeHMs, TaK W 4YacTOTBl, 4YTO obecredrBaeT [TOCTaTOYHYIO IMOKOCTb B
yIlpaBjleHUn 3JjieKTpopsuraTesieM. KiroueBbIM IIpeMMYyIIeCTBOM pa3paboTaHHO
CXeMBI SIBJIsIeTC €€ BOCIIPOV3BOOVIMOCTE B YCJIIOBVSIX OIPaHMYEHHOIO OCTyHa K
CrlelaaIn3poOBaHHOV KOMITOHeHTHOM Oase. Ilpumvenenme mmkpocxembr TCA785
IIO3BOJIMJIO  peaIn30BaTh KOMIIAKTHYIO M HaO&XHYIO CHUCTeMYy yIpaBJIeHVd C
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TOYHOV CMHXPOHM3aIen C IIUTaroIeli CeThIO. Monenmposaﬂme B Ccpene Proteus
J1aJI0 BO3MOXKHOCTD IIpe[IBapUTeSIbHO IpOaHaIM3MPOBaTh (POPMY BBIXOAHOTO TOKa,
XapaKTep KOMMYTallUy TUPUCTOPOB 1 IOBEAEHMEe CXeMbI B IIePeXOIHBIX peXyMax,
B YaCTHOCTM — IIpWM 3aIllyCKe W OCTaHOBKe [Buraressi. TakmuMm oOpasom,
IIpOBeEHHOe VICC/IeloBaHMe II03BOJIAeT CHOeIaTh BBIBOJ, YTO IIpeyIoKeHHOe
TeXHIYeCKoe pellleHNe IIpeAcTaBiIsieT coboit 3pPeKTUBHBII KOMIIPOMICC MEXIy
IIPOCTOTON peaM3aliny, HaAEKHOCTBIO M (PYHKIMOHAIBHOCTBIO. B omindme ot
CJIOXKHBIX IIPOMBIIIUIEHHBIX MHBepTOpoB Ha Oase IGBT, manmag cxema mocTymHa
JUIS CaMOCTOSTEIIPHOIO IIOBTOPEHMS W afanTalyiy, YTO JejlaeT e€ OCOOeHHO
aKTyaJIbHOW TSI MICIIOJIb30BaHMS B JIADOPAaTOPHBIX yCTaHOBKAX, yueOHBIX CTeHIaX
¥ B paMKaxX OIBITHBIX MH)XXeHePHBIX pa3paboTok. Kpome TOro, 3aBepriéHHbIN VKT
IIPOEKTPOBaHMS, MOJEIVPOBAHMS M IIPAKTUUECKON COOPKM IOATBEpPXKIAaeT He
TOJIBKO TEOPeTUUYeCKyI0 COCTOATEeIIBHOCTh CXeMBl, HO W €€ peaJlbHyIO
IIPVIMEHVMOCTD B YCJIOBVSIX OTPpaHVYEeHHBIX PeCypCcoB.

Ha nepsoMm sTamne peaimsammm mpoekTa ObUla paspaboTaHa PyHKIIMOHaIbHAL
cxema IipeoOpasoBaresst 4actoThl (Puc.l.), mpemHasHaueHHOTo I 3allycka U
yIpaBleHVsd  CMHXPOHHBIM  3JleKTpojBuraTesleM  MommHocTteio 30  KBr,
YCTaHOBJIEHHBIM B COCTaBe aspoamHaMmdecKor TpyObl. KoHCTpyKims cxeMel
OpUeHTHpoOBaHa Ha WCIOJIb30BaHMe JOCTYIIHOWM 3JIeMeHTHOM 0aspl, BKIIIOYas
CWIOBBbIe TUPUCTOPBI U ClIelMaIN3MpOBaHHble MUKpPOCXeMbl yirpasileHrs. OcHOBY
CXeMBI COCTaBJISIOT CIIeflyIolve (PyHKIIVOHaIbHbIe OJTOKM:

- Bemmpsamurens (AC-DCO);

- briok ynpassiennst (Ha 0aze Mukpocxembl TCA785);
- [IparviBep yIIpaBJIAIOIINX CUTHAJIOB;

- UaBepTOp HanpspxkeHus (DC-AC);

- CHHXpOHHBIN 3JIeKTpOABUIaTesIb (HarpysKa).

BJIOK N
YNPABNEHWA [ APAWBEPGI
| l
— BbuinpsmMuTtens MHBepTOop

380B, 50 I'y, — ) | HanpskeHUsl ——p (3nexTpopsur)

_Ek

Puc.1 dyHKIMoOHaIbHASA CXeMa cxeMa 4acTOTHOTO IIpeoOpasoBaTesIs

I
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TpéxdasHbIN BRITPAMUTEIBHBIN OJIOK IIpeHa3sHaueH I IIpeoOpa3oBaHs
rnepeMeHHoro HanpspkeHms cetr 380 B, 50 I'm B mocTrosiHHOe HampsbKeHwe.
[TostyueHHOE IIOCTOSAHHOE HaIpsDKeHMe IofmaéTcs Ha BXOfd, MHBepTopa.
Vcnmonp3oBaHue  BBIIPSIMUTEIIST  IIO3BOJIAeT  OTHOEIUTH  yIIpaBjIeHWe  OT
HeCcTaOWIbHBIX ITapaMeTPOB HUTAIOIIEN CeTU M CO3aTh YCTOMUMBYIO IIOCTOSHHYIO
IIMHY HaOpsDKeHMs, HeoOXoguMMylo Ui JajbHemiero  QopMupoBaHMs
perypyeMoro repeMeHHOro CUrHajia.

LlenTpasbHBIM 3JIeMEHTOM CXeMBbI yIpaBJIeHVIA SABJIAETCS
crrenuanusuposanHasg Mukpocxema TCA785, mpemHasHaueHHas A yIpaBiIeHVIA
TUPUCTOpPaMM MeTodoM ¢a3oBoro perynposaHusa. Mukpocxema dopMupyer
YHOpPaBJAIONIVie VIMITYJIBCBI C PeryJMpyeMbIM YIJIOM 3adep>KKV OTHOCUTEeIIbHO
HYJIEBOTO Ilepexojla CeTeBOIr0 HaIpsDKeHMs. DTO IO3BOJIAeT peajln30BaTh TOYHOE
yIpaBJIieHVe MOMEHTOM BKJIIOUEHWS CVWIOBBIX KJIIOYeVi, CHVDKATh ITyCKOBbIE TOKU W
yIPaBJISTh BBIXOOHBIM HampsDKeHMWeM. [JIOIIOJIHWUTENIbHO B COCTaB  OJIoKa
yIpaBJIeHVs BXOOAT Lell CMHXPOHM3ALUN C CeThIo, POpMMUpOoBaTesIVi CUTHAJIOB U
JIeMeHTBl 3amuThl. 1 pacmmpenust (PYHKIMOHAJIBHOCTM W IIOBBIIIEHMS
I'MOKOCTM CUCTEMBI B COCTaB OJIOKa YIIpaBJIeHMS JIOIOJIHUTEJIbHO ObUI BKIIIOUEH
MUKpPOKOHTposuIep Arduino,

Arduino B3amMOeVICTByeT C CWIOBOV YacThbIO depe3 YIIPaBIISIONIMe Ielln,
COIVIaCOBaHHBbIE II0 YPOBHSIM ¥ 3alllMIIEHHBIE C IIOMOIIBIO OITPOHOB. TakuM
oOpasoM, cucremMa yIpaBlIeHMs peaym3yeT KOMOWMHWMPOBAHHBII  ITOAXOL;
anmnapaTHasi CMHXpOHM3anms 1 da3oBas 3aaep>kka Ha 0a3ze TCA785 coueraercs ¢
¢ PpoBOV JIOTMKON yIpaBjIeHMs, peajln30BaHHOV Ha Arduino, YTO MHOBBIIIIAET
Ha/IE&XKHOCTh U aZlalITUBHOCTh CXEMBI.

HdpariBep CIIYXWUT [JI COIJIaCOBaHMS YPOBHEV CUTHAJIOB MeXy JIOIMYecKOW
CcXeMOVl yIIpaBjIeHMsI U cwIoBol dacTblo. OH oOecrieunBaeT rajibBaHMUYECKYIO
PasBA3Ky, yCUIIeHMe 10 TOKY U HaIlpsDKeHUIO, a Takke popMupyeT HeoOXoouMble
POHTHI YIIPaBIIAIONINX VMITYJILCOB [IsI HaO&KHOIO OTKPBIBAaHVA TUPVICTOPOB.
DTO 0COOEHHO Ba)KHO IIPV KOMMYTAIIMV BBICOKOBOJIBTHBIX IIeIleVi, ITie TpeOyeTcs
yCTOVumBOe cpadaThIBaHMe CMJIOBBIX KIIIOUEN PV HATIMYUM 3JIeKTPOMArHUTHBIX
IIOMex.

VaBepTOop coOpaH w3 IIecTM TUPUCTOPOB W IIpedHa3sHadeH I
npeoOpa3oBaHNMsd IIOCTOSHHOIO HamOpsbkeHUs B TpéxdasHoe IepeMeHHoOe
HaIlpsDKeHVe peryJjpyeMon YaCTOTHL Ynpasienue TUPUCTOPaMU
OCYIIeCTB/IIeTCS C IIOMOIIBIO VIMITYJIBCOB, (POPMUPYEMBIX OJIOKOM YIIpaBJIeHMs
uepe3 pgpamBep. Yacrtora wn ¢QopMa BBIXOOHOIO HaOpsDKeHMs VHBEpTOpa

OIIPpENeIAI0TCA  aJITOPUTMOM  YVIIPpaBJIEHVA W IIO3BOJIAIOT VIBMEHATH CKOPOCTb
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BpallleHMsI CUMHXPOHHOIO [BWUraTejlsl B 3aJaHHBIX HIpenenax. [lepen mnopmauen
HallpsDKeHMsT Ha WMHBEPTOp B CXeMe IIPVMEHSIOTCS — IIOHVDKarolye U
pasBsasbIBarolIe TpaHcopMaTopel. VIX OCHOBHOe Ha3HaueHMe 3aKjIovaeTcs B
obecrieueHMI: TaJIbBAHMUYECKO PasBsI3KM  MEXIy CWIOBOVI W YHPaBJISIOIIEN
4acTelo, (opMUpOBaHMS HEOOXOAMMBIX YPOBHEN IINTAOIero HaIpsKeHMs,
IIO/IaBJIeHMsI BBICOKOYACTOTHBIX IIOMeX, BbIpaBHMBaHMSA (Pa3HBIX HaIpsDKEeHWUI B
TpéxdasHo cucTeMe.

PaboTa ycTporicTBa OCyIIecTBiIgeTcs CJIedyIoIMM obpa3oM: Mociie MHopadm
IUTaHW IlepeMeHHOoe TpéxdasHoe HalpspKeHVe BBIIPSIMIISeTCsS M CIJIaKVBaeTcs,
dopmupyst cTaOwiIbHOe IIOCTOSHHOE HaIlpsDKeHMe Ha IIIMHe MHBepTopa. biiok
yHopasJjieHus ¢ noMompio Mukpocxembl TCA785 cumHXpoHM3MpYyeTcs C ceTeBbIM
HallpsDkeHreM 1 popMMpyeT yIpaBJIsAollye VMITYJIbChl C 3aJaHHBIM (Pa30BbIM
COBUIOM. ODTWM CUTHIbl IOHAIOTCSA Ha [paviBep, KOTOPBII B CBOIO OYepenb
oOecrieuriBaeT KOMMYTALMIO TUPUCTOPOB B CWIOBOM wHBepTOope. [locnemumi
IpeoOpa3yeT IOCTOSHHOe HaIlpsDKeHVe B IlepeMeHHoe TpéxdasHoe ¢ 3aJaHHO
Y4acTOTOVI M IIOHAéT ero Ha OOMOTKM 9JIEKTPOABUTATEIIA.

Takum oOpasoMm, Osaromaps W3MeHEHMIO yIvIa BKJIIOUYEHMSI TUPUCTOPOB
BO3MOXXHO BapbMpPOBaTh KaK YacTOTy, TaK M aMIUIUTYY BBIXOLHOTO HaIIpsDKeHVI,
obecrieunBasi IUIaBHBI ITYCK, PeryJIMPOBKY CKOPOCTM ¥ CTaOWIbHyIO pabory
3JIeKTPOIIPUBO/IA B Pa3JINUHBIX peXMMax.

ITocie sTana mpoekTrpoBaHus PYHKLIVOHAIBHO M IPUHUIUIINAIBHON CXeM
npeoOpasoBaresisd YacTOTHI CIeAYIOIIM 3TalloM pabOThI CTaJIO eé MozeIMpoBaHie
B IIpOrpaMMHOV cpefie Proteus, 4To 1mo3BO/IWIIO Ha paHHeN CTaauy IPOBEPUTHb
KOPPEKTHOCTb CXeMHBIX PpeIleHul, OTIaAUTb aJIrOPUTMbl yIpaBjleHus WU
BU3YyaJIM3MPOBaTh CUTHAJIbHBIE ITPOLIECCHl B IIeIIIX yIIpaBJIeHus M CYJIOBOVI YacTW.
Llempro MOIeTMPOBaAHVIS SIBJISIUTAaCh IIpoBepKa paboTrociocobHOCTHI
CIIPOEKTMPOBaHHON CXeMBbl, aHaJIn3 (POPMVPOBaHNS YIIPaBJIAIONINX VIMITYJIbCOB,
mnposepka JIorMku paborsl Mwmkpocxembl TCA785, olleHKa KOPpPeKTHOCTHU
KOMMYTallII TUPVICTOPOB, KOHTPOJIb (POPMBI BBIXO[THOIO HaIpsDKEeHMS, a Takke
BBISIBJIEHVE BO3MOXXHBIX COO€B ¥ ONTMMM3AllMsl ITapaMeTpoB 3JIEMEHTOB. B cpere
Proteus OpUTa BOccO3maHa MPMHIIMIIMAIbHAL CXeMa, BKITIOYAOIas BBIIPSMUTEIIb,
peayM30BaHHBINI Ha OCHOBE AMONOB M TpéxdasHOro MCTOYHMKA HAIIpsDKeHWUS C
MopeMpoBaHueM PWIbTpa, MHBEPTOP Ha TUPUCTOPax, COOpaHHBI 10 MOCTOBO
cxeMe U3 IIIeCTV TUPUCTOPOB, OJIOK ympasieHMs Ha Oase mMukpocxembl TCA785 c
LIeIIsAMY CUHXPOHM3aMN 1 POPpMIUPOBaHMS YIIPABJIAIONIVIX CUTHAJIOB, ApaliBePhI C
raJIbBaHMYeCKOV Pa3Bs3KOV 1 ONTPOHAMM, a TakKe HarpysKa B Bumae TpéxdasHou
R-L 1enmm, mMuTMpylolen IOBeleHVe CUMHXpOHHOro asurarensd. I[lapamerpsr
MOZe/IMPOBaHVId BKJIIOYaIV HOUTAIOMIyI0 ceTb ¢ 4dacrorom 50 Iy wu jvHeHBbIM
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HanpspkeHneM 380 B, marpysky, yron otkpeiTis Tipuctopos ot 30 go 90 rpagycos
Y BpeMeHHOW WHTepBall cuMysraumm o 500 Mc I OLeHKM HepexXOmHBIX
rporieccoB. Pe3ypTaTsl MOOeIMpOBaHMsA IOKa3al KOPPeKTHYIO pabory Osoka
yrpasieHus: Mukpocxema TCA785 dopMuposasia yIipasisiollyie VMITYJIBCHL C
peryimipyeMbiM (a30BbIM CABUIOM, oOOecrieurBasi IIPaBWIbHYIO KOMMYTAlIMIO
TUPUCTOPOB ¥ (OpMUPOBaHME CUMMETPUYHOIO TPEéxdasHOro HaIlps KeHMs.
AHa/M3 oCLWUIOTpaMM IOATBEPAWI COOTBETCTBME (POPM CUTHAJIOB 3aJaHHBIM
rapamMeTpaM, OTCyTCTBUE IIapa3sUTHBIX CpabaTblBaHWUI 1 COOeB CMHXPOHWM3ALINN.
ViIMuTanys mycKoBOro peXxmma nokasasia, 4To IUIaBHOE M3MeHeHVe yIjla OTKPBITS
TUPUCTOPOB  IO3BOJIsIeT  oDecrieuMBaTh  IIOCTEIIEHHBII  POCT  BBIXOIHOIO
HaIIPsDKeHMsS Y CKOPOCTY BpallleHNs IBUraTesIs, YTO YMeHbIIaeT ITyCKOBbIe TOKU U
MexaHu4eckyne Harpysku. OlleHKa TOKOB 4Yepe3 CWIOBble KIIIOUM IMOATBepIyIa
a7leKBaTHOCTb BBIOOpa 3JIeMEHTOB 11 HOMMHAJIBHOM Harpy3ku. IIposenénHoe
MOJIe/IVIpOBaHMe IIO3BOJIVIIO COKPATUTh OIIMOKM Ipy (PU3MUECKON peay3ariim,
OIITVIMM3MPOBaTh HapaMeTPhl YIIpaBJIeHVs, IIPOBePUTh YCTOMYMBOCTD VI AVMHAMUKY
PpaboTBI cxeMBbl, a TaKXXe OLIEHUTD II0BeIleHIe TP Pa3IMIHBIX peXrMax padoTel. B
uTore MofenposaHue B Proteus mogreepamio paboTocIIocOOHOCTD 1 HAIEKHOCTD
pa3pa60TaHHor71 CXeMbI, YTO ITOCITY>KIWJIO OCHOBaHMEM IS €€ JajTbHeVIIen C60pKT/I
Y SKCIlepUMeHTaJIbHOM IpoBepkn [Ommobka! VICTOUHMK CChIJIKM He HaviieH.-
Ommbka! VICTOUHMK CChUIKM He HavieH. |.

[TpyHIMIIVMAIbHAsA cXeMa CHUCTeMBI YIIpaBJIeHVs, copeprkKalllas MUKPOCXeMY
TCA785, cmHXpoHM3MpYIOIIe el W JIOTWYecKye 3J1eMeHThl POpMUPOBaHMA
YHOpPaBJLIIONINX VIMITYJIbCOB, IIpefcTaBjleHa Ha pucyHke 2. CuwloBas 4YacTh,
BKJIIOYAIOIasl BRIIPAMUTEIb, TUPVICTOPHBIVI MHBEPTOP M HarpysKy, IIpuBeaeHa Ha
pucyHke 3. MopenpoBaHVe 3THUX CXeM IIO3BOJIVJIO OCYIEeCTBUTH KOMIUIEKCHYIO
IIPOBEPKY  B3aMMOJEVICTBMSA  3JIEMEHTOB  CHUICTeMBl, BBISIBUTb KPUTUUYECKVe
IapaMeTphl 1 HOATBEPANUTh PabOTOCIIOCOOHOCTh YCTPOVICTBA A0 €ro pu3mdecKon
peanm3alvin.
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Puc.3. CwioBag wacTh cxeMbl IIpeoOpasoBaTessi YacTOTBI C TUPVCTOPHBIM
VHBEPTOPOM

(Mopein B Proteus)

s peammsaumy  ajropuTMa yIIpaBjIeHMs TUPUCTOPHBIM VHBEPTOPOM
MCII0JIb30Basice  MUKpPOKOHTpoilep Arduino Uno, BemonHsOmmm QyHKIUN
dopMupoBaHMs yIIpaBISIOMIVX VIMIIYJILCOB, pacuéTa 4YacTOThI MepeKIIoYeHus 1
OTOOpaskeHs TeKyIIerl CKOPOCTI BpallleHs Ha XUIKOKPUCTaJUIMYeCKOM JIMCITIee
(LCD). VmopasineHme  OCyLIeCTBJISIETCSI 1O  IIeCTUCTyIIeHYaTOMY  IIMKITY
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KOMMYTalIVV, COOTBETCTBYIOIIEMY CTaHJAPTHOW I10C/IeI0BAaTe/IbHOCTY BKIIFOUeHVIS
Hap TUPUCTOPOB B MOCTOBOV TpéxdpasHOV cxeMe.

PerynuposaHme 4YacTOTBI KOMMYyTallUM peajii30BaHO C IIOMOIIBIO JIBYX
KHOIIOK, TOIKIIOUEHHBIX K IM@POBBIM BXOdaM KOHTPOJIJIepa, YTO ITO3BOJISET
IIOJIb30BaTeIII0 VM3MEHATh 3HadeHMe 3a[epXXKM MeXy IlepeKIiodeHusIMn d¢as B
npepgermax or 500 mo 20000 mmkpocekyHn. VIsmeHeHue 3afgepXKW IIPSIMO
IIPONOPLMOHAJIBHO  BIMSeT Ha BBIXOJHYIO YacTOTy IIpeoOpasoBaress W,
COOTBETCTBEHHO, Ha CKOPOCTh BpallleH M ITOIK/IIOYEHHOTO JIBUTaTesIsl.

B nmporpaMmMe peassoBaHa PYHKIIVMS pacyéTa TeKyller CKOpoCcTy B 060poTax
B MuHyTy (RPM) Ha ocHOBe BbIOpaHHOV 3allep>XKK, ¢ BEIBOAOM 3HadeHus Ha LCD-
ovcroiert. Taxxke IIpenycMOTpeHa 3alluTa OT JIOXKHBIX Cpa6aTbIBaHVIT7I Iy TEM
VICIIOJIb30BaHMS aHTUIpeOe3roBovt 3aepKKM.

Ynpasrgrompye  MMITyJIbCBI  IIOJAIOTCS  Ha  COOTBETCTBYIOIINE — BBIXOJBI
MVKPOKOHTpPOJIJIepa KpaTKOBpeMeHHBIM CHUTHaJIOM 3afjaHHOV ymmTensHocTr (50
MKc). Himoke npusenena yHKuMs, peanmsyrolias aKTUBALMIO OYepelHOV Ilapbl

TUPUCTOPOB Ha OCHOBE TeKyllen pasbl KOMMYTaLIVNA.

Tabsmra 1.
DyHKIMs nNepeKIodeHmnst a3 B cucreMe yrpasieHnst (Arduino)

JIvictmar 1. @yHkIms nepexmoderns das (Arduino)

void activatePhase(int fase) {

deactivateAll(); // Copoc Bcex ynpabasrouwux cueHarob

delayMicroseconds(100);  // I1aysa 044 HAOEXHOCIU KOMMYMAYUU

switch (fase) {

case 1: pulseGate(BB2); pulseGate(CC1); break;

case 2: pulseGate(AA1l); pulseGate(BB2); break;

case 3: pulseGate(AA1); pulseGate(CC2); break;

case 5: pulseGate(AA2); pulseGate(BB1); break;

(
(
(
case 4: pulseGate(BB1); pulseGate(CC2); break;
(
(

case 6: pulseGate(AA2); pulseGate(CC1); break;

Oyukumsa pulseGate() dpopmupyer KOpOTKUI MOJIOKUTEIBHBIN VMITYJIbC Ha
yIIpaBJISIOIIeM BBIBOIle COOTBeTCTBYIOIero Tupucropa. dynkums deactivateAll()
IpefiBapUTeIbHO cOpachiBaeT BCe CUTHAJIBI, MCKITIOUast HaJIOKeHVe YITPaBJISIOIIX
VIMITYJIBCOB.

IIporpammubml KO, ObUI mpoTecTMpoBaH B cpere Arduino IDE n

VHTErpmpoOBaH C MOLEJIPIO CXEMBI, pa3pa60TaHH0171 B Proteus, YTO IIO3BOJIMIIO

57



U A @ AMERICAN JOURNAL OF SOCIAL SCIENCE
ISSN: 2996-5306 (online) | ResearchBib (IF) = 10.67 IMPACT FACTOR

[ oo S Volume-4| Issue-3| 2026 Published: |30-03-2026 |

oOecrieunTh TIOJIHYIO COBMECTMMOCTb IIPOTpaMMHOV W aIllapaTHOM dYacTel
CUICTEMBI.

[Tociie ycremrHoOV IIporpaMMHOV OTJIQJIKM cxeMbl B cpene Proteus Opuia
cobpaHa pabouasi MOJIeJIb YCTPOVICTBA Ha OCHOBE JIOCTYIIHBIX PafMO3JIeKTPOHHBIX
KOMIIOHeHTOB (cM. puc. 4). KoHCTpykiMsl BKIIOYAaeT CWIOBbIE TUPUCTOPSI,
yCTaHOBJIEHHble Ha MacCCHBHBIX paamaTopax i 3dpdeKTMBHOro OTBOIA TeIUla, a
TaKXXe caMojiejIbHble IleuaTHble IUIAThl OJIOKa yIIpaBjleHMs, BBIIIOJIHEHHBIE Ha
OVICKPEeTHBIX 37ieMeHTax. IluTaHme ympasisromernn vacTu obecrieunBaioch OT
aBTOHOMHOTO VICTOUHMKA — aKKyMYJIITOpHOV OaTapen HampspokeHveM 12 B.

McnpiTannsas coOpaHHOTO yCTPOVICTBA HPOBOOWINCH B JIaDOpaTOPHBIX
yCJIOBMSX C IIOAKIIIOUeHVIeM K CMHXPOHHOMY 3JIeKTPOABUTaTesIF0 MOITHOCTEIO 3 KBT
¢ HoMmmHaibHOM 4dactoront BpameHus 3000 o6/MuH. B xome TecTmposaHms ObUia
OOCTUTHYTa CTaOWIbHas paboTa cxeMbl BO BCEM MMalla30He BBIXOOHBIX YacToOT,
oOecrieueH IUIaBHBIVI IIyCK 3JIEKTPOIOBUTATeNs, a TakKXke IIOATBEpXKIeHa
3 PeKTMBHOCTE CUCTEMBI OXJIKIEHMSI — IleperpeBa CVIOBBIX KOMIIOHEHTOB He
HaOroasiock.  OMOJTHUTENTPHO TpoBepsUIach PpabOTOCIIOCOOHOCTh CXEMBI B
PasIIMUHBIX peXMax: IIPY XOJIOCTOM XO/e, YaCTUYHOVI ¥ HOMUHAJIBHOVI HarpyskKe.
Bo Bcex ciywuasx yCTpOWCTBO [OEMOHCTPUPOBAJIO YCTOVUMBYIO paboTry u
KOppeKTHOe (PyHKIIMOHMPOBaHe JIOTVKY yIIpaBJIeHNs.

Puc. 4. Bmemmwmit Bupg coOpamsHoro IIY, mnogxmouéHHOro K

SJIEKTPOABUTATEIIIO V1 ICTOUHUKY ITVTaHV.

3akIroueHne

B mamHOmM pabore mpencrasleHa paspaboTka (PYHKIIMOHAIBHOM 7
NPVHIUINAIBHOV CXeMbI TMPUCTOPHOIO IIpeoOpasoBaTesIsi YacTOThI [1JI1 IUTaHWs
CUHXPOHHOIO 3JIeKTpopsuraTesisi MmomHocTeio 30 kBr. B kauectBe kimodesoro

58



U S A g AMERICAN JOURNAL OF SOCIAL SCIENCE
‘ ISSN: 2996-5306 (online) | ResearchBib (IF) = 10.67 IMPACT FACTOR
IR (o

Volume-4| Issue-3| 2026 Published: |30-03-2026 |

yIIpaBJIdgIoIIero sjeMeHTa IpuMeHeHa MuKpocxema TCA785, obecrieumsarorras
TOYHYIO (Pa30BYyI0 CHMHXPOHM3ALMIO ¥ HaIEXHOe yIIpaBjleHNe TUPUCTOPaM.
[TpemioxkeHHast apXUTeKTypa IO3BOJIeT pean30BaTh IIPOCTYIO, 3P PEeKTUBHYIO U
5KOHOMMYHYIO CCTEeMY YIIpaBJleHVs, IIPUTOOHYIO I JIabopaTOpHOro M yueOHOro
IpVIMEHEHIS.

Jy1s1 moBBIIIeHNs 371eKTPO0e30IIacHOCT M YCTOMUMBOCTI CXeMBI K IToMeXaM,
Ilepef], CYJIOBOVI YacCThIO BBEIIEH Pa3BA3bIBAIONINI TpaHCPOPMATOP, BBIIIOIHSIOIINIA
dpyHKIMM TasIbBaHNUIECKOV Pa3BA3KM M CTAOMIIM3ALIMM [UTAOIIETO HaIIPsDKeHVIA.
Bcs cmcrema Obula mpenBapuTesIbHO CMoOIeIMpoBaHa B cpene Proteus, drto
II03BOJIWJIO BBISIBUTB ¥ YCTPAHUTh BO3MOXKHBIE OIIMOKMY, a TakKKe IIPOBECTM aHaIIN3
JIOTVIKVI PalOTBI M IIePeXOIHBIX ITPoIieccoB 0e3 HeoOXOOMMOCTM B HavdaIbHOW
dpu3rueckov peamsanmm.

[TonygyeHHOE TexHMYECKOe pellleHye OTINYAeTCs JOCTYITHOCTBIO 3JIeMEeHTHOM
6a3bl, TEXHOJIIOTMYHOCTHIO COOPKM I BO3SMOXXHOCTBIO ITTOBTOPHOTO BOCITPOM3BEIeHIS
B yCJIOBUSX OrpaHMYEeHHBIX pecypcoB. PaspaboranHas cxema MoxeT OBITh
JICIIOJTb30BaHAa KaK OCHOBA IS IPAKTUMYECKOV peaym3anuy IIpeo0pasoBaTesis
YacTOThl B peaJIbHBIX YCTAHOBKAX, a TakKXe g Y4eOHBIX M MCCIIeqoBaTeIbCKIIX
1iestevt. Pe3ysibTaThl pabOTBI HMOATBEPXKIAIOT PabOTOCIIOCOOHOCTD ITPeyIOKEeHHO
cXeMbl M €€ MIPUMEHVMOCTb B PasIMUHBIX IPUKIAIHBIX 3a7adax YIIpaBiIeHMs

CMHXPOHHBIMU SJIEKTPOITPMBOLAMIL.
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DEVELOPMENT OF FUNCTIONAL AND CIRCUIT SCHEMES OF A
FREQUENCY CONVERTER FOR A 30 KW SYNCHRONOUS MOTOR

B. E. Egamberdiev, O.T. Kholov, B.M. Mukhammedov
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e-mail: bahrom_prof@mail.ru

Abstract

This paper presents the development of the functional and schematic design of
a thyristor frequency converter for starting and controlling a 30 kW synchronous
motor used in an aerodynamic wind tunnel setup. The work addresses the
engineering challenge of creating a cost-effective and reliable motor control system
that ensures stable operation in various modes with minimal expenses. The
relevance of this development is driven by the need to modernize outdated
laboratory equipment and the lack of accessible solutions for educational and
research purposes. The use of inexpensive components without industrial modules
reduced the device cost without compromising its functionality. Simulation of the
circuit in the Proteus environment enabled preliminary debugging of the control
logic, verification of the interaction between the power and control sections, and
analysis of transient processes. The obtained results confirm the effectiveness of the
proposed approach and its applicability in educational and experimental setups.

Keywords
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integrated circuit, pulse-width modulation, functional diagram, circuit schematic,
Proteus simulation, motor drive control, galvanic isolation transformer.

Introduction

Currently, there exists a wide range of theoretical and practical solutions for
implementing frequency converters (FCs), as evidenced by the extensive variety of
circuit designs published in scientific literature, patents, and engineering manuals.
However, examples of frequency converter circuits that are not only simulated but
also fully realized as functional devices assembled from readily available electronic
components are rare. This issue is especially relevant for the development of
converters for high-power drives, where the high cost of industrial frequency
converters makes the task of independent design and assembly particularly
important [1]. Within the scope of this work, both the functional and schematic
electrical diagrams of a frequency converter intended to control a 30 kW
synchronous motor installed in an aerodynamic wind tunnel were developed. The
project is based on available componentry, using power thyristors as the main
switching elements. All circuit designs were preliminarily simulated in the Proteus
software environment, enabling verification of operability, control logic, and signal
parameters during the design phase. Following successful verification, a physical
prototype of the device was assembled, confirming the practical feasibility of the
proposed solution [2-6]. The objective of this work is the development and
implementation of a frequency converter control system that ensures reliable
starting and stable operation of the synchronous motor within the experimental
setup, using accessible electronic components with an emphasis on cost-
effectiveness, reproducibility, and ease of adjustment.

To enhance reliability and electrical safety, step-down and isolation
transformers are incorporated into the circuit before supplying voltage to the
power section of the converter. Their use is motivated by several critically
important factors: Galvanic isolation between the control circuits and power
elements protects the control logic from high-voltage and transient processes
occurring in the power section; Formation of the required voltage levels, matching
the operating parameters of the thyristors, optimizes switching conditions and
reduces thermal stress on power components; Distribution and phase voltage
balancing ensures correct operation of the six thyristors and provides even load
distribution across each phase; Reduction of electromagnetic interference and
filtering of high-frequency components generated during thyristor switching.
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Thus, the developed frequency converter control system combines
accessibility, functionality, and reliability. It is aimed at use in experimental and
laboratory setups where flexible parameter tuning is required, as well as in budget-
constrained environments, making it a practical alternative to costly industrial
solutions.

Currently, a wide variety of frequency converters (FCs) exist, differing in both
circuit design and the employed component base. The most widely used
configuration is the double-conversion scheme, which includes a rectifier, DC filter,
and autonomous inverter, implemented using various power components such as
thyristors, IGBTs, MOSFETs, and others [8-9]. The solutions closest to the
developed scheme are based on a three-phase dependent current inverter with
additional phase voltage sources. A device with similar architecture is protected by
patent IAP20250300 [12] and served as the foundation for creating a simpler and
more accessible frequency converter circuit. Unlike the patented device, the scheme
presented in this work focuses on the use of readily available components and
simplified phase control of the thyristor inverter, ensuring its practical applicability
in laboratory and educational setups.

At the same time, converters with IGBT-based inverters offer higher switching
frequencies and the ability to form output signals with improved waveform quality
through the use of pulse-width modulation (PWM). This makes them preferable for
drive systems with stringent requirements for dynamics and output current
quality. However, such systems demand more complex control circuits, specialized
drivers and protections, and are less resilient to interference and fault conditions,
especially under unstable power supply conditions.

It is also worth noting that most modern developments in the field of
frequency converters are limited to either theoretical studies or software-based
simulations. Fully completed and practically implemented projects—especially
those based on low-cost and readily available components — are relatively rare.

In this context, the thyristor-based frequency converter scheme developed in
this work is of particular interest. The device was designed, simulated, and
assembled to enable the operation of a 30 kW synchronous motor as part of an
aerodynamic testing facility. This approach demonstrates the feasibility of creating
a fully functional motor control system using only accessible components and
minimal financial resources.

Experimental Methodology
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The developed circuit includes the following functional units: an input
rectifier, an LC filter based on inductance and capacitance, a thyristor inverter, a
phase control system based on the TCA785 integrated circuit, and an isolation
transformer. The use of the transformer ensures galvanic isolation between the
control and power sections, improves electrical safety, and enhances the circuit’s
resistance to electromagnetic interference. Thyristor control is implemented
through phase angle regulation, which eliminates the need for complex PWM
controllers while retaining the key capabilities for adjusting both output voltage
and frequency. This provides sufficient flexibility in motor control.

A key advantage of the proposed design is its reproducibility under
conditions of limited access to specialized components. The application of the
TCA785 chip allowed the implementation of a compact and reliable control system
with precise synchronization to the supply network. Simulation in the Proteus
environment enabled preliminary analysis of output current waveforms, thyristor
commutation behavior, and circuit dynamics during transients, particularly at
motor startup and shutdown.

Thus, the study confirms that the proposed technical solution represents an
effective compromise between simplicity of implementation, reliability, and
functionality. Unlike complex industrial IGBT-based inverters, this design is
suitable for replication and adaptation, making it especially relevant for use in
laboratory setups, educational stands, and pilot engineering projects. Moreover, the
completed cycle of design, simulation, and physical assembly confirms not only the
theoretical soundness of the circuit, but also its practical applicability under
resource-constrained conditions.

At the initial stage of the project, a functional diagram of the frequency
converter was developed (Fig.1). This converter is intended for starting and
controlling a 30 kW synchronous motor installed in an aerodynamic wind tunnel.
The design emphasizes the use of widely available components, including power
thyristors and specialized control ICs. The schematic is structured around the
following functional blocks: Rectifier (AC-DC); Control unit (based on the TCA785
Gate signal driver;integrated circuit); Voltage inverter (DC-AC); Synchronous
motor (load).
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Fig. 1. Functional diagram of the frequency converter

The three-phase rectifier unit is designed to convert the AC mains voltage of
380V, 50 Hz into a DC voltage. The resulting DC voltage is supplied to the inverter
input. The use of the rectifier allows the control system to be decoupled from
unstable grid parameters and creates a stable DC bus necessary for further
generation of a controllable AC output.

The central element of the control circuit is the specialized integrated circuit
TCA785, intended for phase angle control of thyristors. The IC generates control
pulses with an adjustable delay angle relative to the zero-crossing point of the AC
voltage. This enables precise timing of the power switch triggering, reduction of
inrush currents, and control over the output voltage. The control block also
includes synchronization circuits, signal shapers, and protection elements.

To expand functionality and increase system flexibility, a microcontroller
(Arduino) is integrated into the control unit. Arduino interacts with the power
section through level-matched and opto-isolated control lines. Thus, the control
system implements a hybrid approach: hardware-based synchronization and phase
delay provided by the TCA785 are combined with digital control logic
implemented via the Arduino, enhancing both reliability and adaptability.

The gate driver ensures signal level matching between the logic control circuit
and the power section. It provides galvanic isolation, current and voltage
amplification, and generates the required pulse edges for reliable thyristor
triggering. This is especially important in high-voltage switching, where stable
activation of power switches is required in the presence of electromagnetic
interference.

The inverter is built using six thyristors and is designed to convert the DC
voltage into a three-phase AC voltage with variable frequency. Thyristors are
controlled by pulses generated by the control unit through the driver. The output
frequency and waveform of the inverter are determined by the control algorithm
and allow for speed adjustment of the synchronous motor within specified limits.

Before power is supplied to the inverter, step-down and isolation transformers
are used in the circuit. Their main functions include: providing galvanic isolation

64



U S A gg; AMERICAN JOURNAL OF SOCIAL SCIENCE
; ISSN: 2996-5306 (online) | ResearchBib (IF) = 10.67 IMPACT FACTOR
I

Volume-4| Issue-3| 2026 Published: |30-03-2026 |

between the power and control sections, forming the required power supply
voltage levels, suppressing high-frequency noise, and balancing the phase voltages
in the three-phase system.

The operation of the device proceeds as follows: after power-up, the three-
phase AC voltage is rectified and smoothed, forming a stable DC voltage on the
inverter bus. The control unit, using the TCA785 IC, synchronizes with the AC
mains and generates control pulses with a specified phase shift. These signals are
sent to the driver, which in turn ensures the commutation of the thyristors in the
power inverter. The inverter then converts the DC voltage into three-phase AC
with the required frequency and supplies it to the motor windings.

By varying the firing angle of the thyristors, it is possible to control both the
frequency and the amplitude of the output voltage, thereby enabling smooth
startup, speed regulation, and stable operation of the motor in different modes.

After designing the functional and schematic diagrams of the frequency
converter, the next stage involved simulation in the Proteus environment. This
allowed early verification of design correctness, debugging of control algorithms,
and visualization of signal processes in both the control and power circuits. The
simulation aimed to verify the operability of the designed circuit, analyze the
generation of control pulses, examine the logic of the TCA785 IC, assess the
correctness of thyristor commutation, monitor output voltage waveform, and
identify potential faults while optimizing component parameters.

In Proteus, the full schematic was reproduced, including: a rectifier using
diodes and a three-phase voltage source with a simulated LC filter; a bridge
inverter of six thyristors; a control block based on the TCA785 with synchronization
circuits and control pulse shaping; drivers with galvanic isolation using
optocouplers; as well as a three-phase R-L load that emulates the behavior of the
synchronous motor. Simulation parameters included a supply grid of 50 Hz and
line voltage of 380V, load, a thyristor firing angle in the range of 30° to 90°, and a
simulation time interval up to 500 ms to assess transient responses.

The simulation results demonstrated correct operation of the control block: the
TCA785 IC generated control pulses with adjustable phase shift, ensuring proper
commutation of the thyristors and formation of a symmetrical three-phase voltage.
Oscilloscope analysis confirmed that signal shapes matched the specified
parameters, with no spurious firings or synchronization failures. Startup simulation
showed that gradual change in thyristor firing angle allowed gradual increase in
output voltage and motor speed, reducing inrush currents and mechanical stress.
Evaluation of currents through power switches confirmed the choice of
components was adequate for nominal load. The conducted simulations helped
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reduce errors in hardware implementation, optimize control parameters, verify
stability and dynamics of the circuit, and assess behavior under different operating
conditions. Overall, simulation in Proteus confirmed the functionality and
reliability of the developed schematic, forming the basis for its further assembly
and experimental verification [10-11].

The schematic diagram of the control system, including the TCA785 IC,
synchronization circuits, and logic elements for control pulse generation, is shown
in Fig. 2. The power section, comprising the rectifier, thyristor inverter, and load, is
illustrated in Fig. 3. Simulating these circuits enabled comprehensive verification of
the system's component interactions, identification of critical parameters, and
confirmation of correct operation prior to hardware realization.
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Fig.3. Power stage of the frequency converter circuit with a thyristor
inverter (Proteus model)

To implement the control algorithm for the thyristor inverter, an Arduino Uno
microcontroller was used. It performs functions such as generating control pulses,
calculating switching frequency, and displaying the current rotational speed on an
LCD screen. The control is carried out using a six-step commutation cycle,
corresponding to the standard sequence of thyristor pair activation in a three-phase
bridge circuit.

The switching frequency is adjusted via two buttons connected to the digital
inputs of the controller, allowing the user to modify the delay between phase
transitions in the range from 500 to 20,000 microseconds. This delay directly affects
the output frequency of the converter and, consequently, the rotational speed of the
connected motor.

The program includes a function for calculating the current speed in
revolutions per minute (RPM) based on the selected delay, with the result
displayed on the LCD screen. Protection against false triggering is implemented
using a debounce delay.

Control pulses are sent to the respective microcontroller outputs as short-
duration signals (50 ps). The following is a function that implements the activation
of the next pair of thyristors based on the current commutation phase.

Table 1.
Phase switching function in the control system (Arduino)

void activatePhase(int fase) {

deactivateAll(); // Reset all control signals

delayMicroseconds(100); // Delay for reliable commutationswitch (fase) {

case 1: pulseGate(BB2); pulseGate(CC1); break;

case 2: pulseGate(AA1l); pulseGate(BB2); break;

case 3: pulseGate(AA1); pulseGate(CC2); break;

case 5: pulseGate(AA2); pulseGate(BB1); break;

(
(
case 4: pulseGate(BB1); pulseGate(CC2); break;
(
(

case 6: pulseGate(AA2); pulseGate(CC1); break;

The pulseGate() function generates a short positive pulse on the control
terminal of the corresponding thyristor, ensuring its reliable triggering. The
deactivateAll() function resets all control signals in advance, preventing any
overlap of gate pulses. The program code was tested in the Arduino IDE and
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integrated with the circuit model developed in Proteus, enabling full compatibility
between the software and hardware components of the system.

After successful software debugging in the Proteus environment, a working
prototype of the device was assembled using readily available electronic
components (see Fig. 4). The design includes power thyristors mounted on large
heat sinks for effective thermal dissipation, as well as custom-made printed circuit
boards for the control unit built with discrete components. The control circuit was
powered by a standalone 12 V battery.

The assembled device was tested under laboratory conditions with a 3 kW
synchronous motor rated at 3000 RPM. During testing, the circuit demonstrated
stable operation across the entire output frequency range, smooth motor startup,
and effective heat management, with no overheating of power components
observed. Additionally, the system's performance was tested under various load
conditions: no-load, partial load, and full rated load. In all cases, the device showed

stable operation and correct functioning of the control logic.

Fig. 4. External view of the assembled frequency converter connected to the
electric motor and power supply.

Conclusion
This work presents the development of a functional and circuit diagram of a
thyristor-based frequency converter designed to power a 30kW synchronous
electric motor. The key control element is the TCA785 IC, which provides precise
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phase synchronization and reliable thyristor control. The proposed architecture
enables the creation of a simple, efficient, and cost-effective control system suitable
for laboratory and educational use.

To enhance electrical safety and improve resistance to electromagnetic
interference, an isolation transformer was introduced before the power stage. It
provides galvanic isolation and stabilizes the supply voltage. The entire system was
initially simulated in the Proteus environment, allowing potential errors to be
identified and corrected, and enabling the analysis of control logic and transient
processes without the need for immediate physical implementation.

The proposed technical solution stands out due to the availability of
components, ease of assembly, and potential for reproduction under resource-
constrained conditions. The developed circuit can serve as a basis for practical
implementation of a frequency converter in real-world applications, as well as for
educational and research purposes. The results confirm the operability of the
proposed design and its applicability to various tasks in the control of synchronous
electric drives.
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