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CrarTa npucBAYeHa NMOOYA0BI MaTeMAaTHYHUX Mojejell eJeMeHTIB cHUCTeM i3
MOCTIHHUMH MAar”itTamMu a8 KepyBaHHsl BiOpanilinumu npuctposvu. Jlocaigxena
MAarHiTHa CHCTeMa eJleMeHTIB, BH3HA4YeHi CHJIOBI XapakTepHCTHKH i onTuMi3oBaHIi
ra6aputHi mapamerpu. Iloka3zaHo, Mo eJeMEeHTH CHCTeM i3 MOCTIHHUMH MarHiTaMu
HAHOLIBII TOBHO 32/10BOJILHAIOTH YCi BUMOTH, II[0 BUCYBAIOTHCH /I0 €JIEeMEHTIB CHCTEM
BiOpaniiiHuX npucrpois

3abe3meueHHS M ABUIICHHS e(DeKTHBHOCTI BUKOPHUCTORYBAHHS BiOpalliiHMX MPUCTPOIB IS
ABTOMATHYHUX CHUCTEM KEpPYBaHHS TEXHOJOTIYHMMH TpoIlecaMy 3aleKUTh BiJ 1X eKcIulyara-
IMIMHIX XapaKTEPHCTHK Ta HATIMHOCTI KOHCTPYKTHBHHX YACTHH. Ba’XIHBOIO KOHCTPYKTHBHOIO
YACTHHOIO BIOpaliiHUX MPHCTPOIB € MPYKHI SIEMEHTH, SIKI MOKYTh 3MIHIOBATH CBOI PO3MIipH TIpH
3MiHI TTPOSKTHOTO 3aBJIaHHS Ha HABAHTAXECHHS, IO € IX OCHOBHOIO POOOYOI0 BIACTHRICTIO. OTHUM
13 IEPCIEKTUBHUX HATIPSIMKIB TEXHIYHOTO YJIOCKOHAJICHHS Ta IMiJIBUIICHHS €KOHOMIYHOT €(peKTHR-
HOCT1 BIOpaIlifHUX MPUCTPOIB € CTBOPCHHS BHCOKOHAIIMHHMX €JICMEHTIB CHCTEM 3 TMOCTIMHUMH
marriTamu (EIIM), sKi 7al0Th 3MOTY 3/IMCHIOBAaTH ONEPATHBHE, OC3MEPEPBHE Ta a/alTHBHE
perymoBaHHs BiOpaIlifHOTO MIPUCTPOIO Ha ONMTHMAIILHUM PEKHUM POOOTH.

3apa3 y HU3bKOUACTOTHHX CICKTPOMAarHiTHHX 30y/KyBadax (EM3), BiObpo-mmardopmax Ta
THIMX BIOpAIIfHAX MPHCTPOSX 3aCTOCOBYIOTh KOMITAKTHI 1 MPOCTI y BUTOTOBJIICHHI MEXaHIYHI
IWUTIHPAYHI TBHHTOBI TPY)XXHHH W TUIACTHHYACTI PECOPH, IS SKMX XapaKTEepHI SBHIIA
BTOMJICHOCTI, TIOB3YYOCTI Ta MPaKTHYHO TOCTIifHa KOPCTKICTh. Taki MPYXWHU MarOTh KOPOTKHH
TEepMiH cITy:k0M, a Tepexia BiOpallifHOro NMPHUCTPOO Ha HOBHH PekMM poOOTH TNPH TX BHKOPHC-
TAHHI 3/IHCHIOETHCS dYepe3 3aMiHy OJNHHX NPYXHH IHNMMH. TOMY aKTyalbHHM € 3aBJaHHS
po3pobku EITM, siki 6 HE MaTi 3a3HAYEHUX HEJOJIKIB [2].

OJTHUM 13 NIJISXIB BUPIIICHHS IHOTO 3aBJIaHHS € 3aCTOCYBaHHS SJIEMEHTIB, TPUHITHIT JTiT SIKHX
MOJISITaE Y BUKOPUCTAHHI TOHASPOMOTOPHUX CHJI €IEKTPOMATHITHOTO TOJS 1 B TPYKHOMY TTijI-
BIIITYBaHHI pyXOMOT YACTHHHM €JIIEMEHTA BITHOCHO HepyxoMoi. Taki eneMeHTH He MICTATh Jiedop-
MOBAHHX TN, JIOBTOBiYHI, MAlOTh MIHIMAIBHY TUCHIAINIO CHEPril, BiJICYTHICTh CIpAIfOBAHHS,
nIyMy. 3acTOCYBaHHS €JICKTPOMArHiTHOI KepyroUuol YacTHHU Jlae€ 3MOTY 3JIHCHUTH Oe3nepepBHE
PEryIOBaHHS JKOPCTKICTIO 1 POOMTH MOKITUBUM 3aBJIaHHS aBTOMAaTHYHOTO PETYJIIOBAaHHS. 3BaKa-
IOYH Ha BIJICYTHICTh MEXAHIYHOTO JIOTJBITY, MI’)K YACTHHAMH MArHITHOTO €JIEMEHTa PEahbHOIO €
MOJKJIMBICTB TIepeiadi BIOPOKOIHMBAHB Y 3aKPHTHI 00’ €M.



187

OnHak pa3oM 3 THM, JI0 TemepilHboro yacy EIIM He 3HaAUNUTM NIMPOKOTO BUKOPUCTAHHS.
Ie 3yMOBIIEHO TUM, 1[0 OaraTo TEOPETUYHUX Ta MPAKTUUHUX MUTaHb, SKi OB’ s3aH1 3 KEPYBAHHSIM
iX NPYXHHX BIIACTHBOCTEH, a TaKOX OyIYBaHHSIM MAaTEMAaTHIHHX MOJICNEH pO3paxyHKiB
CTATHCTHYHHX Ta TUHAMIYHUX XaPAKTEPUCTHK, HEJIOCTATHBO PO3POOIICHI.

OIIHIOIYH CTYIIHb JOCHIKCHHS, MMOTPIOHO 3BEpHYTH yBary Ha IPaKTHYHY HEOOXITHICTh
noOynoBu MateMatuuHux Mojeneit EIIM Ha mifcTtaBl BUKOpUCTaHHS QyHIaMEHTATLHUX PIBHSHB
TEOpil MArHiTHOTO TOJIS, SIKI JIO3BOJISIIOTH PO3PAXYBATH IX CHIIOBI XapaKTEPHUCTHKH Ta ONMTHMI-
3yBaTH MacorabapHTHI TOKa3HUKH MOCTiHUX MarHiTiB (ITM), o6rpyHTYBaTH MOKIIHMBOCTI 3aCTO-
CYBaHHsI MaTeMaTUYHMX MOJIeNel JUIss BUIMAJIKY >KMBIEHHS oOMOTKU KepyBaHHs (OK) 3MiHHOIO
HATMPYTOI0, BU3HAYMTH 3aJICKHICTh MiK MapaMeTpaMy pyXy pyXOMoi YacTUHU Ta JAIFOYMMHU Ha Hel
30BHINTHIMH CHJIAMH, JOCTIHTH (YHKIIOHYBaHHS BiOpamiiHuX mprcTpoiB. Bce e BH3Havae
AKTyaJTbHICTh IPOOIEMH PO3POOKH Ta CTBOPEHHS MepcneKTHBHUX EITM.

Ha mincraBi aHamizy merofiB po3paxyHky EIIM BUSBIICHO, IO JJIS TakuxX eJIEMEHTIR [6]
CIpaBE/IJIMBUM € MIPUHIIUIT CYNEPIIO3UIIIT KOMITOHEHT CUJI B3a€MO/IiT, 1110 BUBHAYAETHCS HASIBHICTIO
HAMATHIYEHOTO 00’ €MY ¥ 30BHINTHHLOTO PErYJIHOBAHOTO CTPYMY.

Onep:xani aHATITHYHI BUPA3H I CKIAJIOBHX BEKTOPIB MArHITHOTO TOJIS, SIKI BU3HAYAIOTH
CHJIOBY B3aeMoJIit0 Mixk dactTuHamu EIIM, 1 3poOmeHi iX po3paxXyHKH, IMiATBEP/KCHI SKCICpH-
MEHTAIBLHUMU JTOCIIKSHHSIMHU.

Busnaveni i po3paxoBani Ha EOM perymboBaHi MOHIEPOMOTOPHI CHIIM B3a€MOJIT MIX
yactnHamu EIIM pizHux KoHCTpYyKITiH [1]:
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[TobynoBani maTtemaTnuHi Mojieni EIIM s kepyBaHHS BiOpalliiftHUIMHU IIPHUCTPOSIMH, 3T1THO
3 SKMMH CKJIaJicHa mporpama po3paxyHky Ha EOM cuioBux xapaktepuctuk EIIM. Ha mincrasi
po3pobiieHnx MaTeMatuaHux Mojened EITM 3milicHeHa omTHMizaliiss MacorabapuTHUX IMOKAa3HU-
KiB IIM pi3HHX (PopM 3a KpHUTEpIEM 3a0€3MECUCHHSI MAKCHMYMY TTOHICPOMOTOPHOT CHITH B3AEMOJIIT
Mix yacThHaMu EIIM 1 MiHIM&aTbHUM cyMapHUM 00’ eMoM. Pe3ynbTaTt po3paxyHKy CHIT B3aEMOJIIT
MIK YacTUHaMM Pi3HUX KOHCTpyKiid EITM minTBepIKyIHOThCsl eKCTIEpUMEHTAIBHUMU JTaHUMHU 3
BHKOpHCTaHHsM juHaMoMeTpa JIITY. Pi3HMIT MIX pO3paxyHKOBHMH W EKCHEPHMCHTATHHHUMH
JTAHUMH CTaHOBHTH 12 %.

ExcriepuMeHTaNIbHI JOCHTIJKSHHST JIIST CKJIAJIOBUX HAMPYKEHOCTI MAarHiTHOTO TMOJS, IO
CIIPHYMHSIOTh CHIIOBY B3a€EMOJIIIO, 3/IIMCHIOBATUCS 3 BHKOPUCTaHHSIM Teclamerpa ®4354/1 3
JmaBadeM XoJuia. Pi3HUIE MiK PO3PaXyHKOBHMH U EKCIIEPHMCHTATLHHMH JTAHUMH CTAHOBUTH Y
cepenapoMy 8 % [6].

3niticnenuit anamiz EM3 1 mojiaHa Horo KOHCTPYKINIS 3 CHCTeMO KepyBaHHs Ha EIIM (nuB.
PUCYHOK), ¢ | — HIKHS OCHOBa, 2 — SIPMO €JIeKTpoMarHita, 3 — peryimboBaHi EIIM, 4 —
BiOpomatdopma, 5 — AKip eneKTpomMarHita, 6 — Heperyiaposadi EIIM, 7 — BepxHs OCHOBA.

31?/7/6/4//5/2 vy

! L/

Konctpykiis EM3 na ETTM.

Hunamika EM3 omucyeThesl cucTeMoro JUGPEPEeHIIHHUX PIBHSHb JIPYTOro MOPSIKY, IO
3B'I3y€ CNCKTPHUYHY 1 MEXaHIUHY IMIACHCTEMH # OTpMMaHy Ha TijcTaBl piBHSHb Kipxroda Ta
npuniany JlamamGepa [1, 4, 8] 3 ypaxyBaHHsIM anmpokcuMarlii CHIOBHX xapakrtepuctuk EIIM y
BHTJISIIL TINEPOOIIIYHOT 3aICKHOCTI
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ne L.(z) — 3MiHHa iHyKTUBHICTh KOTYIIKHM €JIEKTPOMArHiTa; i(t) — CTpyM B JIAHIFO31 JKUBJICHHS
KOTYHmIKH; R, — aKTHBHUI OIip KOTYNIKH €IEKTPOMArHiTa; z(t) — KOOpJMHATa pyXy BiOpomaT-

dopmu; 7z — perynboBaHa (ikcoBaHa BincTaHb Mixk uyacTmHamu EIIM; m — HaBeneHa maca
BiOporutarpopMu; O — HaBeAcHUH KOe(DIIIEHT B’SI3KHX OIOPIB CEepPeAOBHUINA PO3TAIIyBaHHS
BiOpommaTGopmMm; n — KUTBKICTh PEryJbOBaHMX 1 HeperynboBaHux EITM; M — HamarHideHicTh
IIM; B, C, D — koedinieHTH ampoKcHMAalii CyMapHOi ITOHIEPOMOTOPHOI cuimH; [, — kepyBaibHa
nis ammep-BuTKiB; Cy — €MHICTh KOHJEHCaTOpa; F —— cuia, mo Ji€ Ha AKip eICKTPOMArHiTa;

BM + CI
M———W  _ cymapHa cHIOBa XapaKTEpHCTHKA peryihoBaHHX EITM; nMﬂ -
D+z+z D+7—7
CyMapHa CHJIOBA XapaKTEPUCTHKA HEperyaboBanux FITM.

[TomoxeHHs cTaTUYHOT pIBHOBATH BiOPOILIAT(hOPMH BH3HAYAETHCS 13 YMOBH
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ITin gac miHeapu3allii AUGEPEHITIATLHOTO PIBHSIHHS MEXaHIYHOT IMiICHCTEMH MTOOIH3Y TOJI0-
JKCHHSI CTATHYHOI PIBHOBATH Z OICPKAHO TAKE XAPAKTEPUCTUIHE PiBHSIHHS

BM + Cl N BM
(D+z+25)* (D+z-2,)
Busnavyeno, mo yci KoeilieHTH XapakTepHCTHIHOrO PIBHSAHHS A, A,, A, MO3UTHBHI. I,
OTKE, MEXaHIYHA MiICHCTEMA, KA Mae IPYTrui MOpsIoK, Oy/e cTiiikoro [3, 4].
IToxazano, mo 3actocyBaHHd EM3 B cucrtemi kepyBanHs EIIM 3 iX MOXIHMBICTIO
aJlalTUBHOTO Oe3MEePEePBHOTO KePYBaHHS MPYKHUMU BIACTUBOCTSIMU 3YMOBITIOE BUXI1/] Ha eHepre-
THYHO ONTHMAJBHHN PE30HAHCHUN PEKXUM (DYHKIIOHYBAHHS 3 METOIO MOOYJIOBH 3aMKHYTHX

CHCTEM 31 3BOPOTHHM 3B’SI3KOM, IO 3a0€3Medy€e CTBOPCHHS aBTOMATHYHHMX CHCTEM KEPYBaHHS
TEXHOJIOTTYHUMH TIpoIlecamMH.

D(S)=mS? +0aS + nM =AS?+A,S +A;. (7
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INTRODUCTION

Up-to-date frequency converters, which include DTC (Direct Torque Control) inverters [2, 3,
6, 7, 9], do not require an additional tachometer feedback in their control systems. Their
performance does not differ from that of d.c. drives. Reconstruction of an electromagnetic torque
in a drive with a DTC converter, under condition of wide regulation of the angular speed, is
possible because an induction motor model is implemented in the converter microprocessor
control system [1, 3, 7, 9]. In the control system architecture, a speed estimator plays a principal
role. On the basis of the voltage-current state of the motor, it carries out real-time reconstruction of
its speed [8, 9]. Estimation of the speed reconstruction error on the basis of the motor model
enables correct control of the drive without measurement of the actual speed, especially in
dynamic states. This advantage plays role in design of complex drive systems, because makes it
possible to abandon the speed measurement. Determination of relations between the actual and
estimated speed is an important problem and can be analyzed with reference to both modeled and
real systems. Works [3, 5] present comparison of these speeds obtained from computer simulation
carried out for the assumed mathematical model of the drive and estimators of the torque and
speed. Another method of analysis of the speed reconstruction accuracy is presented by authors of
paper [8], who compare speed from the real system with that calculated from a dynamic model of
the motor fed from a DTC converter.

The subject of this paper is evaluation of consistence of the speed estimated numerically by a
DTC converter and the actual speed recorded by a computer. To obtain complete information
about the electromagnetic state of the drive, we simultaneously recorded the electromagnetic
torque generated by the drive loaded by torque containing a component resulting from eccentricity
of the mechanical subsystem. Analysis of electromechanical systems of this type is important
when DTC converters are installed in metallurgical roller table drives, in which eccentric
movements of the rollers occur.



