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AHHOTaI_[I/ISI. B AOKJIAA€ MPUBOAUTCA ONBIT MPUMEHEHUA BBICOKOBOJBTHBIX THUPUCTOPHBIX
npeoOpaszoBareneii pazpaboTanHblXx U cepuitHo m3roraBmuBaeMbix 3A0 «ACK». Onu wmc-
MOJIB3YHOTCA MJIA MIIAaBHOI'0 MyCKa ACMHXPOHHBIX U CUHXPOHHBIX 3JICKTPOMPHUBOJ0B HAITPAKE-
HueM 3, 6 u 10 kB u momuOCTHIO 710 3,2 MBT.

Abstract. The report includes description of practical application of high-voltage thyristor
converters, developed and put into series production by CJSC “ASC”. They are used for soft
start of synchronous and asynchronous electric drives with voltage of 3, 6 and 10 kV and
power up to 3,2 MW,

TupucropHsie BBICOKOBOJBTHBIE mpeoOpasosarenn HampsokeHus (TIIH) Bcé Gomee
LIMPOKO MPUMEHSIOTCSA B KAUe€CTBE YCTPONCTB IUIABHOTO IMYCKa BBICOKOBOJIBTHBIX ACHHXPOH-
HBIX ¥ CUHXPOHHBIX JABUraTellell ¢ HOMUHANbHBIM HanpsbkeHueM 3, 6 u 10 kB. Beicokne Tex-
HUKO-3KOHOMUYECKHe MOKa3aTely MOJy4yaroT MpHU IJIABHOM ITyCKe MHAMBUAYAIBHOIO JJIEK-
TPOIPHUBOAA JJIsi MEXaHIU3MOB LIEHTPOOEKHOTO MPHHIINIIA ACHCTBH: HACOCOB, BEHTUIATOPOB,
KOMIIPECCOPOB.

[ToxazaTenn >KOHOMHUYECKON 3(PQPEKTHBHOCTH, MPH COXPAHEHUH BCEX MOJOKHUTETb-
HBIX XapaKTePUCTUK HHANBUAYAIBHOTO 3ekTponpusoa (311), moBBIIAOTCSA MPH MCIIONB30-
BaHUHU THPHCTOPHOTO MpeoOpa3oBaTens HAMPSDKEHNS JUIA TUIABHOTO ITyCKa TPYIIBI BBICOKO-
BOJIBTHBIX IBUTATENEH NeHTpoOe)HbIX Mexann3MoB (LIM). B 3tom ciydae 1ocTato4HO OTHO-
ro TIIH nns moouyep€aHOro miIaBHOTO MyCKa BCEX ABHUIATENEil TPYMMbl AJIEKTPOIPUBOIOB
1eHTPOOSKHBIX MexaHn3MOB [ 1-6]. TupucropHslii mpeoOpa3oBaTelp HAMPSHKEHUS YIIPABIIs-
€T OCHOBHBIM IIOTOKOM 3JIEKTPUYECKOIl SHEPrUH, KOTOpasi MOCTYNAaeT OT UCTOYHUKA TUTAHUS
CHJIOBBIX LIEMel K 3JeKTPOABUTaTeNt0 Yepe3 MolHble TupuctopHelie kioun. B 3A0 «ACK»
HAKOTUIEH 3HAYMTENIbHBIA OTBIT B Pa3paboTKe, MPOM3BOACTBE M NMPHUMEHEHUH BBICOKOBOJIBT-
HOU cuctembl Ha 0aze mpeoOpasosareneii Tuma [TA/[-B-I" u [IC/I-B-I', ucmonb3yemMbix mist
IJIABHOTO IyCKa TPYIIbI BBICOKOBOJBTHBIX ACUHXPOHHBIX U CUHXPOHHBIX ABUTaTeseil cooT-
BETCTBEHHO, U KOMILIEKTHBIX TpeoOpa3osareneii Tuma [1A/I-B-K, ncnons3zyemsix mis mias-
HOTO IYCKa, 3alUThl ¥ YIPABJIEHUS HHINBUAYAIbHBIM AaCHHXPOHHBIM 3JI€KTPOIIPUBOIOM.

O0630p nmTEpaTypsl M SHEPreTHYECKOoe O0CIeNOBaHWE Psna MPEeInpUATHI MO3BOJIUIT
000CHOBaTh TEpeYeHb MAapaMeTPOB MPUBOTHBIX BBICOKOBOJBTHBIX IBHUTATENCH I HOMH-
HaJTbHBIX JIMHEWHBIX HanpspkeHwi 3, 6 u 10 xB. Pa3zpaboTana mkana TumopasmMepoB CepuitHO
M3rOTaBIMBAEMBIX TPyNHoOBbIX mpeodpazosareneii Tuna [TA/l-B-I" u [IC/I-B-I" (cm. Tabn.1) n
KOMILIEKTHBIX mpeobpazosareneii Tuna [TA/l-B-K (cm. Tabm. 2).

B pesynbrare mpuMeHEHHs CHUCTEMbI IUIABHOTO IYCKA: CYIIECTBEHHO YMEHBILIAETCs
IYCKOBOM TOK JBUTraTess, ero BelIWYNHA OrPaHUYMBAETCS HAa ypOoBHE 1-4 HOMHMHAIBHBIX TO-
KOB CTaTropa JBUTATeNs; 3HAUUTENbHO CHIDKAIOTCS AMHAMHUYECKUE MEepPerpy3ku B KMHEMaTH-
YEeCKUX 3BEHbSIX MEXAaHWYECKHX Iepenad;, yMEHBIIAIOTCA 3JIeKTPOMAarHUTHbIE YCHIIUA B 00-
MOTKAxX CTaTropa ABHraTelsd W, KaK CIEeICTBHE, MOBBIIIAETCS CPOK CIY)KOBI CTaTOPa; MCKIFO-
4aroTCsl TUApPaBINYecKe U MHeBMaTuyeckue yaapsl B LIM u maructpanu 3a cué€r MCKIoue-
HUS PE3KOT0 M3MEHEHHs JAaBIIeHHs (HAropa); YIyqIIarTCs YCIOBUSA 3KCILTyaTalluu COMYTCT-
BYIOILIETO 3JIEKTPOTEXHUYECKOTO OO0OPYHZOBaHMUSA: KOMMYTALMOHHBIX aIliapaTtoB, TpaHCQOp-
MaTopa, KaOenbHbIX JTMHUNA M T.1., YMEHBINAIOTCSH MOCAIKN HANPSOHKEHUS B CETH NPH IyCKe
JBUTATENeH; MPIMEHEHNE IJIABHOTO ITyCKa MPUBOJNT K YBEIHMUEHHIO CPOKa CTykOb1 LIM.



Tadnuya 1 - Texnuueckue xapaxmepucmuxu 2pynnoeuix npeoopazosameseli

Hom. ma- | Ilapamerps! guraTens TTapaMeTpsI Ipeodpa3oBaTENs
OPDKCHUE | Makc. mom- | Hom. | Make. TaGapuTer
cet, KB | gocrp, kBr | Tox, A | Tox, A | (BxILxI), Mu Tun g ATL Tun s G
315 80 350 IMMA-B-T'-80-3k IICI-B-I'-80-3x
3 630 160 550 2200x800x600 | ITAO-B-T-160-3x IICO-B-I'-160-3k
800 250 750 MMA-B-T'-250-3k I[ICO-B-I'-250-3k
1000 125 500 2400x800x800 | ITAO-B-TI'-125-6x IICO-B-I'-125-6x
2000 250 700 IMAI-B-TI"'-250-6x IICI-B-I'-250-6x
6 3150 400 1200 |2400x2400x800| ITA-B-I'-400-6x IICI-B-I'-400-6x
5000 630 1900 IMAI-B-T'-630-6k IICI-B-I'-630-6x
6300 800 2400 ITAI-B-TI"'-800-6k IICI-B-I'-800-6x
3
10000 1250 | 3700 | 20030008800 e B 1250 6x | TICA-BT-1250-6x
1600 125 500 2400x800x800 | TTAA-B-I'-125-10x | IICO-B-I'-125-10x
3150 250 700 MMAO-B-I'-250-10x | IICO-B-I'-250-10x
10 5000 400 1200 |2400x2400x800| IMAO-B-I'-400-10x | IICA-B-I'-400-10x
8000 630 1900 MMAO-B-I'-630-10x | IICO-B-I'-630-10x
12500 800 2400 |2400x3000x800| ITAIO-B-I'-800-10x | IICI-B-I'-800-10x
Tabnuya 2 - Texnuueckue Xapaxmepucmuxu KOMIIEKMHuIX Npeoopazoeameneti
How. Ha- T[TapaMeTpsI ABHraTeIs TTapaMeTpsI Ipeodpa3oBaTEs
TPSKEHHE .
cery, kB 1\1/{[:(12]; MK(;; Howm. Tok, A MaKfA; 08, Iabapursr (BxILIXI), MM Tun
315 63 250 IMAI-B-K-63-3k
400 80 300 IMAI-B-K-80-3k
3 500 100 350 2400x800x900 IMA-B-K-100-3k
630 150 400 IMAI-B-K-150-3k
800 200 700 ITAT-B-K-200-3k
315 40 200 ITAT-B-K-40-6x
400 50 200 IMAI-B-K-50-6x
500 63 250 IMAT-B-K-63-6x
6 630 80 300 2400x500x900 TIAJI-B-K-80-6K
800 100 350 ITAT-B-K-100-6x
1000 125 350 IMAT-B-K-125-6k

[Tomumo obecriederHws MIABHOTO MycKa mpeoOpa3oBaTenu 00Jadar0T PSIOM TOTIOTHH-
TENBHBIX BO3MOJKHOCTEH: aBTOMaTHUYECKOE YITpaBlIeHNE BHEITHEH KOMMYTAIlMOHHOW anmapa-
TYpOH; M3MepeHNe HANPHKEHHs, TOKA, MOIIHOCTH ¥ SHEPTHH 3JIEKTPOJBUTATEINS, aBTOMATH-
yeckoe (opcupoBaHre HampshkeHus (TOka) mpu HecoctosBiieMcs 3amycke OII; mmeer 3a-
IUTHYO OJOKUPOBKY OT MOAAYH BBICOKOTO Hanpspkerns Ha TITH mpu ommOoYHBIX 1eficTBH-
SIX 00CTY)KUBAOIIETO TIEPCOHAIA; UMEeT OOIMUPHBIN HA0Op MapaMeTpoB, KOTOPBIE AT BO3-
MO’KHOCTh KOH(QHUTYPHPOBAHUSA [T IIMPOKHUX 00JIACTel MPIMEHEHNS; IMEET N30JIMPOBAHHBIE
IMCKPETHBIE W AHAJIOTOBBIE BXOJABI M BBIXOJBI, BBIAET MOAPOOHYI0 HH(POPMALIUIO O COCTOS-
HUM 3JEKTPONPUBOJA HA UCILICH; NMEET BCTPOSHHBII MOAYIb NMEepeaadyn NaHHBIX MO IINHE
PROFIBUS; nmeer 3HEproHe3aBUCUMBIE YaChl PEATBHOTO BPEMEHH U KaJdeHAAph IJIA MPOTO-
KOJIMPOBAHUS OIIMOOYHBIX CUTYALUI.

[TpeoOpa3oBarenp OCHAMEH KOMIUIEKCOM 3aIIMTBI CUCTEMBI OT: MOBBIIIEHHOTO WM
MOHIKEHHOTO HANPSKEHNS CeTH; He CHMMETPHH HAaNPsHKEHWI M TOKOB CTaTOpa IBUTATEIS,
He TOJHO(A3HOTO pexruMa pabOTHI; CBEPXTOKOB; 3aMBIKAHUS Ha 3€MJII0; KOMMYTAlMOHHBIX
NepeHanpsHKeHN Ha THPUCTOPAX; AucOalaHca BEHTIUIBHOTO KAacKa/aa; IeperpeBa u yxyamie-
HUS BEHTWISILUN CHIJIOBOTO THPHCTOPHOTO MOJTYJISL.



TumoBas cxema 31eKTPOCHAOKEHNS BBICOKOBOJIBTHBIX aCHHXPOHHBIX 3JIEKTPOTIPHBOIOB
HEeHTPOOSKHBIX MEXaHW3MOB C CHCTEMOIl TPYNIOBOTrO IUIABHOTO TycKa Ha 0a3e BBICOKO-
BoseTHOTO TIIH Tuma TTAJI-B-I' mpuBenena na puc.l [3,4]. Ha puc. 2 mpuBeneHa cxema
3NIeKTpOCHAOKEeHNsI KOMILIEKTHBIX mpeoOpaszosateneil tuna [TAJ[-B-K s nByx BapmanToB
UCIOJIHEHUN: C MHAWBHUYaIbHBIM WIN TpyNnoBbM nutanueM. Cekuuu 1 u 2 cuctemsl 3Mek-
TPOCHAOKEHHUs TMOJIYJalOT MUTAHWE OT IBYX HE3aBHCHMBIX BBOJOB 4Y€pe3 BBICOKOBOJBTHBIC
KoMMyTUpyromue sueiik ¢ BoikimodarensmMu QFS5 u QF6 coorBercTBeHHO. B kavectBe mpu-
Mepa B3AThI YeThIPE aCUHXPOHHBIX Asurarens M1-M4 no nsa Ha CEeKLUIO, KOTOPBIE 3aIUTAHbI
oT pabounx sueek ¢ Boikmouatemsamu QF 1-QF4.

Jns peanusanmy rpynnoBOro IUIaBHOTO MYCKa BCEX ABUTaTellell CXeMa COAEPKUT Clie-
ayromee 00opyaoBaHKe: IBE TOJIOBHBbIe padouune saeiiku ¢ Beikmrodaremsmu QF8 u QF9 u
CHUCTEMON 3allMTHI, MOAKIOYEHHBIE K MEPBOM M BTOPOM CEKLHSAM COOTBETCTBEHHO, TUPH-
CTOpHBII peoOpa3oBarens HanpsukeHUs TIIH ¢ cOOTBETCTBYIOIIMMYU TOKaMU M HAIPSKEHU-
em tuna [TAJl-B-I" (cm. Tabx. 1); mukpokoHTposutepHas cucrema ynpasienus MIICY ¢ 6mo-
kamu ynpasieHuss BY BeicokoBombTHEIMU BhIKMIOUaTensiMu QF1 — QF9 u xonTakropamu
KMI1 — KM4; getsipe saetiku BoiOopa neuratens ABJ{1 — SAB/I4 ¢ BakyyMHBIMIU KOHTaKTO-
pamu KM1 — KM4; kontpostep BepxHero yposHda KBY nns aBroMarms3anuu mycka acuH-
XPOHHOTO 3JIEKTPOINPHBOA EHTPOOESIKHBIX MEXaHU3MOB.

Cxema pabotaer crenyromumM obpazom. Jlomyctum, Tpedyercs 3amyCTUTh JBUTATETh
M1. 13 xoTposuiepa BEpXHETO YPOBHS MOCTYHAOT CUTHAN ynpasierus. [Ipu atom cobuparoT-
Cs LEeNU YNPaBICHHUS M KOHTPOJS YY4acTBYIOIIME B 3amycke asurarens M1: roiaoBHON BbI-
kmouarens QF8; xonrtakrop KMI1 B sueiike ABJI1 u nenu texnonormuyeckux 3amut M.
Cucrema ympasieHus nmpeoOpa3oBaTelis BeIOAET yrnpasistonine ummyascsl Ha TIIH u nBura-
Tenb M1 maBHO pasroHSAETCS B COOTBETCTBHU C 3aJaHHBIM aNTOPUTMOM (POPMHUPOBAHUSA
IIYCKOBOW TPAeKTOPUM TOKAa WM HampssKeHWs craropa. lIpm mocTmkeHun HampsokeHUs Ha
crtatope M1 paBHOr0O HanpsHKEHUIO HA NEPBOM CEKLIMM CUCTEMA YIIPABJICHUS BBINNOJIHAET Cle-
AYIOIINe KOMaH/bI: BKIIFOYaeT pabounii Beikmodarens QF1 u TeM cambIM IIyHTHPYET THPH-
CTOpBI TIpeoOpa30oBaTeNs; CHUMAeT YIPABISIOMNE HUMIYIBCHl C TUPHCTOPOB; BBIKIIIOYAET
myckoBoit koHTakTop KM1 B SAIB/I1 1 ronosHoii Beikmrouarens QFS. [Ipeobpazosarens [TAl-
B-I', ronoBHbIe BBIKIIOYATEIN M IMYCKOBBIE KOHTAKTOPBI MOJTHOCTBK) OTKIIFOYEHBI, a IBHUIa-
Tenb M1 3amuTaH OT IITATHOM SYEHKU ¢ BhIKIouaTereM QF1.

AHaANOrM4HO KOHTPOJUIEP BEPXHErO YPOBHS BBINOJHSET 3alyCK CIEAYIOIIEro AJIeK-
tpoasurarens. Hampumep, TpeOyercs 3amyctute M3. Torma cumosast cxema Oyner coOpana
1o uenu: rojoBHoM BeikmouaTenb QF9 u kontakrop ABJI3. AnroputM mycka MoBTOpPSETCA.
Takum 00pa3oM, OCYIIECTBIIAETCS HE3aBUCUMOE YIPABJICHNWE NBUTATENAMU OT PA3HBIX CEK-
it mmH. OTKITIOYeHne ABUTaTelNs OCYIIECTBIIACTCS O OOBIYHOM cXeMe, MyTEM OTKIIOYEeHUS
pabounx BBIKITIOYATENEH B COOTBETCTBYIOIINX TYCHKAX.

KoncrpyktusHO mpeoOpasosaremn tuna [1AJ[-B-K BeimonHsA0TCS B 0AHOM miKady U
cozepikar Bce HeOOXOMMBbIE SIIEMEHTHI 3aIlIUThl, KOMMYTallly | yrnpasienus. [IpeoOpa3osa-
tenu tuna [TA/[-B-I" u IIC/I-B-I" B 3aBUCMMOCTH OT HAnpsi’KEHUS U MOIIHOCTHU BBITIOTHSIIOTCA
B OJHOM WM HECKOJbKMX mKadax. [IpuMeHsercs eCTeCTBEHHOE OXJIaKIeHHE THPHCTOPOB,
YTO YBEIMYMBACT HAAEKHOCTD MPEoOpa3oBaTens MPH SKCILTyaTal B 3aNBIIEHHBIX U BIIAXK-
HBIX cpexax. Ha puc. 3 moka3aH BHEIIHUIT BHJI KOMIUIEKTHOTO mpeoOpa3osaterns tuma [TAJ]-
B-K-100-6k-1 ucnonp3yeMsblid Aji MIABHOTO MyCKAa OJHOTO aCMHXPOHHOIO AJIEKTPOIPUBOIA
MoIHOCTBI0 1| MBT.

B nacrosmee Bpems Ha npeanpustisax Poccun u 3a pyoexxom 3A0 «ACK» peammso-
BAHO HECKOJBKO MPOEKTOB CHCTEMBI IPYNIIOBOTO M WHANBHAYAIBHOTO IJIABHOTO MYyCKa HIIEK-
Tpoasurarenen ¢ ucnoias3osanuem TIIH na nanpsoxkenue cetu 3, 6 u 10 kB m MOIHOCTBIO
neuratens ot 0,25 mo 3,2 MBT [5,6]. CucteMsl B MOJHOIT MEPe COOTBETCTBYET MPEAbIBIIsE-
MBIM TPEOOBaHUAM, U TIOJOKHUTEIBHO 3aPEKOMEHI0BAIN Ce0s B AKCILTyaTalHH.
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