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AnHoranis. Considered literature devoted to the modernization of
control systems, controllers and variable-frequency drive mechanism for
movement of the electric arc furnace electrodes. The research of current
and proposed drives through mathematical modeling. Models of the
control system of the electrode mechanism for the basic and proposed
variants with scalar and vector control are made in the MATLAB software.
Survey on simulation models confirmed that the system provides vector
control speed transient time 16% less than the DC system and a static
error is 0% to 3%. The implementation of the electric drive of the
mechanism of movement of electrodes based on the frequency converter
with vector control and an induction motor is a promising direction of
modernization.
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BceTym. [lyrosi crasneruiaBuibHi nedi (ICIT) mmpoKo 3aCTOCOBYIOTHCS B YOPHIit
MeTanyprii YKpaiHu [yl BUPOOHMIITBA JIETOBAHMX CTajieil i crutaBiB. OCHOBHOIO
BMMOTOIO IO CMCTeM aBTOMaTUYHOro perymoBaHHs (CAP) peskumiB po6oru ICIT Ta
iX eJIeKTpONPUBO/IIB € HEOOXiAHICTh SIKicHOI cTabimisallii eJIeKTPUIHOIO PeKUMY Ha
KOXHiii TEeXHOJIOTiuHil crafil mpouecy IuiaBku [1]. ABTOMaTuUuHi peryasiTopu
IYTOBUX TIeueil pearyioTb Ha BiIXMJIE€HHS IIOBHOTO oropy ¢dasu Bia 3amaHoro
3HAYeHHS.

OcHoBHMIT Marepian. Bimomi JmitepaTypHi [mIXepesia, 30Kpema [2],
SKi TIpUCBSYEHI MOJEepHi3allili CUCTeMM KepyBaHHS aBTOMATUUYHUX PeryjsiTopiB

APIMT-T, maioTh Ha MeTi OeTaJbHMI aHaji3 HeOOJiKiB Ta MepeBar CUCTEMU
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KepyBaHHSI  peryjsiTopaMy, IIPOTIOHYIOTb HANpsSIMM  MOJEpHi3alil  Ail4yux
peryyisiTopiB 32 paxyHOK BBEAEHHS [OJATKOBMX OJIOKiB, TIapamMeTpu SIKUX
AHATITUYHMMY 260 KOpessIiiHMMM BiTHOIIEHHSIMM TTOB’SI3aHi 3 eJIeKTPUYHMUMU Ta
TEXHOJIOTIYHMMM  pekuMaMyu  pobOOTM  [OYyrOBUX  eJIeKTporieueil, TMPUBOIATH
aJrOPUTMMU Aii Ta IPUHLMUIIN MIPOTPaMyBaHHS IMX CUCTeM KepyBaHHS. JocmigkeHHS
BMKOHAHI 3a [ONOMOTOK MaTeMaTUYHOIO MOJENIOBAHHS, OCHOBHOK METOI0
TIpUBeIEHNX PO3POOOK € MOoOymoBa ONTUMAIBHMX CUCTEM KepyBaHHSI Mil0UMMMU
peryjisitTopaMM 3  METOK  MiJABUIIEHHS TEeXHIKO-€eKOHOMIYHMX ITOKa3HUKIB
BUPOOHMIITBA TIPOAYKIii. MOK/IMBICTD BUKOPUCTAHHSI YaCTOTHO-PEryJbOBaHOTO
IIpUBOAY MeXaHi3My I[lepeCyBaHHS eJeKTPOLiB B  3aralbHOMY  BUIJISIAL
MpoaHaJi30BaHO B pobOTi [3], e MOIIbHICTh 10TO BUKOPUCTAHHSI OGIPYHTOBAHO 3
TOYKM 30pYy €eHepro3bepeskeHHsT 3aco6aMu eJIeKTpOIpuBoAYy. B po6oTi [4] BBaXkaloTh,
mo ocobnuBicTio JICIT gK 00’€KTiB KepyBaHHS € HAATO CKIAOHMIA MaTeMaTUUHMIA
OMUC peXXMMIB i 6Ge3nepepBHi BUITAJKOBI 3MiHM ITapaMeTpiB, IO He J1a€ 3MOTU Ha
OCHOBi KJIaCMYHOI Teopii aBTOMAaTMUYHOIO KepyBaHHSI peasii3yBaTy OITMMaJbHI Ta
afanTUBHI 10 3MiHM MapaMeTpiB 3aKOHU PyXy eNeKTpoAiB. B po6ori [4] cTaBUTbCS
3a7a4a KOMIIJIEKCHOTO [OC/IiIKeHHSI MOKAa3HMKIB OMHAMIKM [Oil0U4OTO IpuUBOAA
I CIT-200, eneKTpOTEeXHOJMOTiUHOI e(heKTUBHOCTI Ta €JeKTPOMAarHiTHOI CYMiCHOCTI.
OpHak HamM He BAAIOCS 3HAWTKU MaTepianu, TPUCBSAYEHI [OOCHIAKEeHHIO Ta
MOPIiBHSUVIBHOMY  aHajli3y [OMHAMiYHMX BJIAaCTUMBOCTEl TMpPUBOJAA IepecyBaHHS
eJIeKTPOJiB myroBoi medi Ha OcHOBi cuctemu TII-II 3 peryasitopom APIM-T Tta
npuBoja 1o cuctemi [TU-A]L

MeTtoto maHOi pobOTH € IeTanbHA pPO3poOKa CTPYKTYPHOI Ta (QyHKIIiOHATbHOI
CXeMM TIpUBOJA MexXaHi3My IlepeCyBaHHSI €JIEKTPOAiB 3 aBTOMAaTUYHUM
perynsiropom Ha mnpukiaaai CII-3 d¢acoHo-mmBapHoro 1exy [IM3 Ha OCHOBIi
BUKOPUCTAHHSI CyYaCHMX [epPeTBOPIOBAYiB YaCTOTH, CKIAJAHHS MAaTeMaTUYHOI
MOJesi [il04oro IpMBOAA Ta 3aIllPOINOHOBAHOrO, MOPIBHSJIBHMI aHaJi3 SKOCTi
CUCTEMM KepyBaHHS MPUBOIOM, BUKOHAHUM 3a cucteMoro TII-]I (mocTiliHuit CTpym)
Ta I[TY-A]L.

B sikocTi MpMBOAHOrO 3alMpONOHOBAHO aCMHXpPOHHMIT ABUTYH 6AMY100SP Ta
yacToTHMI nepeTtBopoBau VFD22C43A, saKkuit 103BOJISIE peasni3yBaTu SIK CKaJisIpHe,
TaK 1 BEeKTOpHe KepyBaHHS MNOpPMBOAOM. Mogeni cucteMu KepyBaHHS
eJIeKTPOIIPUBOOM MexaHi3My mepecyBaHHS enekTponiB IICII-3 mjis 6a3oBoro ta
3aIlpONIOHOBAHOTO BAPIiaHTIB 31 CKAJISIPHUM Ta BEKTOPHMM KepPYBaHHSIM BMKOHAHI Y

nporpamHoMy mnponykti MATLAB (y mignporpami SIMULINK), pesyabTatt
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MOJe/JIIOBAHHS HaBeleHi Ha PUCYHKY 1 Ta mpoaHali30BaHi 3 TOYKM 30Dy SIKOCTI
CUCTEMU KepyBaHHSI.

IIpu mocnimskeHHi cucTeMy perymaoBaHHS mBUAKOCTI TII-II Gyam po3ISHYTI
IBa BapiaHTH. Y MepiIoMy BapiaHTi cucTeMa ITiAJjIerjaoro peryiatOBaHHS LIBUAKOCTI
Maja [OBa KOHTYpU: KOHTYp CTpymy 3 II-peryassTopoMm i KOHTYp IIBMUAKOCTI 3
[I-perynsitopom. Y Opyromy BapiaHTi: KOHTYp CTpyMy 3 III-peryjissTopom i KOHTYp
mBuaAKocTi 3 II-perynstopom. Bubip 3pobGieHuit Ha ABOKOHTYpPHIii cucTeMi
peryJoBaHHS IMIBUAKOCTI 3 30BHIIIHIM KOHTYPOM IIBUAKOCTI (ITPOIOPLiiHMI
peryisiTop) 1 MiANOPSIAKOBAaHUMM oMy KOHTypom cTtpymy (III-perynsrop).
Ha pucynky 1,a,0,B: — 3aBHaHHS Ha IMIBUIKICTh; 2 — IIBUIKICTh; 3 — CTPyM ¥

BiIHOCHMX OOVHUIISAX.
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PucyHnoxk 1- I'padiku repexigHux MpoIeciB 3a CTPYMOM Ta IBUAKICTIO:
a) — cuctema TII-/I; 6) — cKaJIIpHA CUCTEMa; B) — BeKTOPHA CHCTeMa
Ha mopeni npuBofa 3 BEKTOPHUM KepYBaHHSIM PO3[IiJIeHI KaHaau KepyBaHHS
MIBUIKICTIO Ta IOTOKO34eruieHHsIM. OO6’eKT KepyBaHHS XapaKTepU3yeTbCS
HasIBHICTIO HEeJIiHIMHMUX TepexXpecHUX 3B’SI3KiB MiXK KaHajlaMu KepyBaHHS. s ix
KOMIIeHcallii y cMcTeMy aBTOMATUYHOTO PeryJl0BaHHS BBeJEeHO HeiHiliHi 3B’SI3KH,
0 BiATBOPIOIOTh (PYHKIIOHAIbHI 3aJIEXKHOCTi, 3BOPOTHi 3aJI€KHOCTSIM 00’€KTa
KepyBaHHS. LlMm 3abe3reueHO 3afaHi AMHAMIUHI XapaKTE€PUCTUKU CUCTEMMU
aBTOMATMYHOI'O pPETy/JIOBAaHHS, & TaKOX, B [OeIKMX BUIIAQAKaX, 1 11 CTIMKICTb.

HocnifkeHHS Ha iMiTalliliHii Moesi NiATBepauIO, 10 npuBoy, 1o cuctemi [TY-A]L 3
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BEKTOPHMM pEeTYJIOBAaHHSIM HIBUAKOCTI 3abe3rneuye yac MepexigHMX IIPOLeciB Ha
16% meHI1ie, Hixk cucteMa TII-]I, a ctaTuyHa mommika ckiamgae 0 % rmpotu 3%

Ha oTpumanux rpadikax 3MiHM MBUAKOCTI BUIHO, 110 ITiCJISI pO3TOHY IBUTYHA
MIpUBOAA, IIBUIKICTb OOepTaHHSI 3aJMIIajgacs He3MiHHOI 0 MOMEHTY IIojadvi
efekTpoAa y BaHHY. [Ipy 306i/iblIeHHIi MOMEHTY HaBaHTa)KeHHS BimOyBaeThCs
HeBeJIMKe 3HIDKeHHS O00epTiB Ta TpuBa€ IEeBHMII Yac, IO 3aKiHUEHHi SIKOTro
HIBUIKICTh IBUTYHA BEPTAETHCS 4O HOMIHAJIBHOTO 3HaUeHHs. JlaHa cxema I 03BOJIsIE
3MIHIOBAaTM WIBUAKICTb OBUTYHA [JO ¥ IiCJAS 3MiHM HaBaHTAKEHHS, [1O3BOJISIE
3MiHIOBaTH BCi iHTepBajM yacy, TOOTO JO3BOJISIE TOBHICTIO KOHTPOIIOBATH BCi 3MiHM
M 3agaBaTM IX, IO BKAa3ye€ Ha Ipale3faTHICTb CUCTeMM 1 i1 BiANOBIZHICTH
MIPOIIOHOBAaHMM BUMoOram. Ha OCHOBi aHasi3y TeXHOJIOTIUHOTO IPOIeCy, aIrOPUTMY
pPOOOTH eJIeKTPONPUBOA MEXaHi3My IepecyBaHHS eJIeKTPOIiB Iedi Oy/I0 CKIageHo
dyHKIlioHaMbHA cxeMa aBTomaTu3alii 1o cucrtemi ITY-AIl. Takum UYMHOM,
po3pobiieHa cucTeMa MOXKe OYTM BMKOPMCTAHA I KePYBaHHSI eJIeKTPOIPUBOIOM
MexaHi3My IepecyBaHHs ejektpohiB JCIT - 3.

BucHoBKM. Peasnisanis e1leKTpOIpMBOLY MeXaHi3My IlepeCyBaHHS eJIeKTPO/iB
OCII-3 Ha OCHOBiI 4YaCTOTHOIO IlepeTBOpIOBaYa 3 BEKTOPHUM KepPyBaHHSM Ta
ACMHXPOHHOI'O ABUTYHA € OCTaTHbO MEPCIIeKTUBHUM HAIMPSIMOM MOAEepHi3allii i, SIK
MOKa3aM [JOCHIIKeHHS 3 BUKOPUCTAHHSIM MAaTE€MaTUYHOTO MOJEeTI0BAHHS,
JIO3BOJISIE TIABUILUTY IIBUIKO/IiI0 TIPUBOJA, SMEHIIMBIIN Yac MepexigHMX MpoI1leciB
Ha 16%, a, BiANIOBiAHO, 3MEHILIUTY BTPATU €Heprii Npu MnepexigHMX mpoliecax IIyCcKy
ACMHXPOHHOIO JBUTYHA.
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RESEARCH OF THE DYNAMIC PROPERTIES OF THE FREQUENCY-
CONTROLLED ELECTRIC DRIVE OF THE MECHANISM OF MOVEMENT OF
ELECTRODES OF ELECTRIC ARC FURNACE BY MATHEMATICAL MODELING

Kuvaiev Viktor, Nezhurin Vadym, Stopkin Vasyl, Kryvytskyi Yevhen

Abstract. Considered literature devoted to the modernization of control
systems, controllers and variable-frequency drive mechanism for movement of the
electric arc furnace electrodes. The research of current and proposed drives through
mathematical modeling. Models of the control system of the electrode mechanism
for the basic and proposed variants with scalar and vector control are made in the
MATLAB software. Survey on simulation models confirmed that the system provides
vector control speed transient time 16% less than the DC system and a static error is
0% to 3%. The implementation of the electric drive of the mechanism of movement
of electrodes based on the frequency converter with vector control and an induction
motor is a promising direction of modernization.
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