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PEDOEPAT
Ksanigikamiitnoi po6otu 6akanaBpa Ha TeMy «MoepHi3allis CUCTEMH

aBTOMAaTHU30BaHOTO KepyBaHHS METaI000POOHOTO BEpCcTaTay

PoGoTa MicTuTh 58 CTOPiHOK, 7 TJIaKaTiB, Ta CHUCOK BUKOPUCTAHUX JKEPEIl
13 30 HaliMEeHyBaHb.

KitrouoBi ciioBa: MeTanooOpoOHMiA BEpCTaT, ACHHXPOHHUN JIBUTYH, CHCTEMa
EJIEKTPOTIPUBO/LY.

VY nmaniit po6oTi OyI0 TPOBEICHO MOJIEPHI3AIII0 CUCTEMU aBTOMATH30BAHOTO
KepyBaHHS METaI000poOHOTO BepcTaTa.

Jlo pe3ynbTaTiB MPOBEICHOT MOJEPHI3allii BIAHOCITHCS:

— pO3paxoOBaHO TOTYXKHICTh pi3aHHS Ta BUOpaHWI BIAMOBIAHUA MOTOP-
pPEAYKTOp MPHUBO/IA TIOJIOTHA BEPCTATa,

— TPOBEACHO aHaJ3 CyYaCHUX CHCTEM EJEeKTPONPUBOAA Ta TPUHIUIIB
OyZ0BH Cy4acHOTO aCHHXPOHHOTO €JICKTPOIPHUBO/IA;

— BuOpaHa cHCTeMa aCHHXPOHHOTO EJIEKTPONPUBOAA 3 BEKTOPHUM
KepyBaHHSM, BHOpaHI Ta pO3paxoBaHI OKpEMi €JIEMEHTH CHCTEMH TIPHUBO/IA,
noOyI0BaHO MEXaHIYH1 XapaKTEePUCTUKH €JIIEKTPOIIPUBO/IA;

— po3po0ieHa (pyHKIIOHAJIbHA CXeMa BEKTOPHOI'O KEPYBaHHS aCMHXPOHHHUM
CJICKTPOINIPUBOJOM Ta MaTeMaTWYHa MOJEIb ACHHXPOHHOTO EJEKTPOJBHUTYHA 13
CTPYKTYPHOIO CXEMOIO €JIEKTPOTIPUBO/IA;

— MO0 Ppo3poOJieHI MOJem 3a JOMOMOTOK TMPOTPAMHOTO CEepeoBHUIIA
MATHLAB Simulink noGynoBani rpadiku HepexiTHUX MPOIECIB Ui PI3HUX
pPEXHUMIB POOOTH MPUBOJA.

Po3po6nennii mpoekT Mae MpakTUYHY I[IHHICTH 1 HOTO pe3ylbTaTh MOXKYTh

OyTH peKOMEH0BaHI J1Jisi BUKOPUCTAHHS Y BUPOOHUIITBI.



ABSTRACT
Bachelor's thesis on "Modernization of the automated control system of a

metalworking machine"

The work contains 58 pages, 7 posters, and a list of used sources from 30

titles. Key words: metalworking machine, induction motor, electric drive system.

In this work, the modernization of the automated control system of the
metalworking machine was carried out. The results of the modernization include:

- the cutting power is calculated and the corresponding motor-reducer of the
drive of a cloth of the machine is chosen;

- the analysis of modern systems of the electric drive and principles of a
structure of the modern asynchronous electric drive is carried out;

- selected system of asynchronous electric drive with vector control, selected
and calculated individual elements of the drive system, built the mechanical
characteristics of the electric drive;

- the functional scheme of vector control of the asynchronous electric drive
and the mathematical model of the asynchronous electric motor with the structural
scheme of the electric drive are developed;

- on the developed model by means of the MATHLAB Simulink software
environment graphs of transients for various modes of operation of the drive are
constructed.

The developed project has practical value and its results can be

recommended for use in production.
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BCTYII

VY npoBigHUX BEpPCTBAaxX MPOMMCIOBOCTI - METalypriiHii, MammHOOYI1BHIH,
XIMIYHIMA, Ta pAal IHIWOUX KOE(IUIEHT enekTpudikaiii, mo sBiase co0oro
BIJIHOIICHHS BCTAHOBJICHOT TMOTY>XHOCTI €JIGKTPOJBUTYHIB O TMOTY>KHOCTI
JBUTYHIB yCiX BuJIIB, HaOmmwkaeTbcss 10 100%. Bigomumu mnepeBaramu
€JIEKTPUYHOI €Heprii mnepel IHIIMMH BHJIAMHU € JIErKICTh il BHAOOYTKY Ta
PO3MOIUICHHS, JETKICTh MEePeTBOPEHHS 11 B iHIN Buau eHeprii. Pazom i3 mum,
€JICKTPUYHUI MTPUBIJ MA€ CBOI BJIACHI MepeBaru Ta BIAMIHHI PUCH:

- MOXIIMBICTIO BUIOTOBJIEHHS €JEKTPOJBHUIYHIB Ha Halpi3HOMaHITHIII
MOTYXXHOCTI Ta IBHAKOCTI pyxy. Jliama3oH MOTYXHOCTEH  CydaCHUX
CJICKTPONPUBOIIB KOJMBAETHCA BiJl COTMX YacTOK BaTa JO MEraBariB, a T'paHMIN
4acTOTU OOEpTaHHsS — BiJ YacTOK OOEPTy Bally 3a XBHJMHY JO KUIBKOX COTEHb
00epTiB Ha XBUJIMHY;

- MOXJMBICTIO  CTBOPEHHS  CJIEKTPONPHUBOAIB g  poOOTH B
HAaWPI3HOMAHITHIIIUX yMOBaX: B CEPENOBHUII arpeCMBHUX PIAUH Ta TrasiB, B
YMOBaxX KOCMIYHOTO IPOCTOPY, MPH HU3BKUX Ta BHCOKHUX TEMIIEpaTtypax 1 T.J.
Pi3HOMaHITHICT, KOHCTPYKTUBHHX BHKOHAHb  EJCKTPOJBHUTYHIB  JI0O3BOJISIE
BUKOHYBATH palllOHAJIIbHE 3’ €IHAHHS €NEKTPOIPUBO/IA 3 pOOOYOI0 MAIIMHOIO;

- MOXKJIMBICTIO 32 JIONOMOTOI0 MPOCTUX 3aC001B peasi3yBaTH Pi3HOMAHITHI Ta
CKJIaJHI BUJM PYXiB BUKOHABYMX OPTaHiB pOOOYMX MAIIWH, a TAKOX 3MIHIOBATH
HaNPSMOK PyXy Ta HOTro mapaMeTpH: MIBUIKICTh, TIPUCKOPECHHS,

- JIETKICTIO aBTOMAaTru3alii BHPOOHMYMX 1 TEXHOJIOIIYHHMX IMPOIIECIB,
MPOCTOTOI0 BKIIIOUEHHSI EJIEKTPOINPUBOAA B 3arajbHy CHCTEMY KEpyBaHHS
BUPOOHUIITBOM;

- BucokuM KKJI emexTpompuBoma, HAIIWHICTIO B eKCIUTyaTyBaHHI,
COPUSITIMBUMH  yMOBaMU JO OOCIYroBYHOYOrO TIEPCOHANY, BIJACYTHICTIO
3a0pyJHEHb OTOYYIOUOTO CEPEOBHIIIA.

EnekTpuyHuM TpUBOAOM HA3MBAEThCS CHCTEMa, IO CKJIAJAEThCS 3
€JIEKTPOJBUTYHHOIO, MIEPETBOPIOBAIILHOTO Ta KEPYKYOro MPUCTPOIB, MpU3HAYEHA

JUISL TIPUBEJICHHS 10 PyXy BUKOHYIOYHMX OpraHiB poOO4YOi MalllMHU Ta KEepyBaHHS



UM pyxoMm. JIJisi BUKOHAHHS 1TUX (QYHKIINA €IeKTPONPUBO BUPOOIISIE MEXaHIUHY
CHEPril0 32 PaXyHOK EJNEeKTPUYHOI €HEeprii, M0 OJEPKYEThCS HUM BiJ JKepera
€JIEKTPUYHOI €Heprii (Mepexa eJeKTpONocTayaHHsd). MexaHiyHa eHepris, IIOo
BUPOOJISETHCSA EJIECKTPOIPUBOJIOM, TEPEIAETHCS PIZHUM BUKOHYIOYMM OpraHam
po0OUYMX MaIIMH Ta MEXaHI3MiB (CTpidIll TpaHCIIOpTEpa a0 KOHBEEPA, IIITHUHIEITIO
TOKApHOI'0 BEpCTaTa, KpUIbyaTill Hacoca, BajlKaM MPOKaTHOTO CTaHa, KaOiHi JidTa,
aHTeH1 pajioTeNecKona Ta 1H.) 1 MPU HEOOXITHOCTI PETyNIIOEThCS 3TiAHO 3
TEXHIYHUMH BUMOTAMU JI0 PEKUMIB pOOOTH BUKOHYIOUOT'O OpPraHy.

3a paxyHOK OTpUMAaHOI €Heprii BUKOHYIOUMM OpraH 3A1HCHIOE TOTPiOHUI
MEXaHIYHUM pyX, 3a0e3leuyoud THUM CaMUM BHKOHAHHS BHUPOOHMYMX 1
TEXHOJIOTIYHUX  OMepalii: TNepeMillleHHs BaHTaxXiB, OOpoOKy jerasnew,
TpPaHCTIOPTYBaHHS PiAWH a00 Ta3iB, CTSKEHHS 32 HEOSCHUMU TUTaAMH 1 T.I.

binpuricte  cucTeM — KepyBaHHS  CICKTPONPHBOAOM, IOOYyJOBaHI 10
JIEB’IHOCTUX POKIB HAIIOrO CTOJITTS, SK MPaBWIO, aHAJIOrOBI a00 PO3IMKHEHI
muppoBi. CydacHI CHUCTEMH KEpyBaHHS EJIEKTPONPHUBOJIAMU, MOOYJOBaHI Ha
mUPPOBUX  MIKPOKOHTpOJIEpaX, JO3BOJSIIOTH  €(DEKTHBHO  KepyBaTh  SIK
PO3IMKHEHUMU EJIEKTPOTIPUBOJIAMHU, MPU3HAYCHUMH IS 3araIbHOMPOMUCIOBOTO
BUKOPUCTAaHHSA, TaK 1 3aMKHCHHUMH  €JIEKTPONPHUBOJAMH  CIEIIATBLHOTO
3aCTOCYBaHHS, 110 XapaKTEPU3YIOTbCS BUCOKMMHU TOYHICTIO Ta HIBUAKOIIEIO [5].
Buxopucranas 1mudpoBux 3aco0iB JO3BOJSIE CYTTEBO IMO-HIIIOMY PO3IIISIATH
Oarato TpoOJIeM CHHTE3y KEpyBaHHS EICKTPOTPUBOAOM, Ja€ MOKIJIHBICTh
peani3yBaTH MNPAKTUYHO JOBUIBHO CKJIAJHI 3aKOHM KEpyBaHHs, W10 paHIIlIe
BBAKAJINCS HEIOLIIBHUMHU, 3a0€3IEUNTH HOBI CIIOKMBAIbKI BJIACTUBOCTI, TaKl SIK
amamnTaiisi eJeKTPONMpHBOJA TiJi HOBI yMOBHM 3acTOCyBaHHS ab0 yMOBH
3aCTOCYBaHHS, IO 3MIHIOIOTHCS, CAMOHACTPOWKY Ta ONTHMI3aIli0 IMapaMeTpiB,
NOTJUOJIEHY M1arHOCTUKY, KOHTPOJIb Ta 3PYYHICTh JIJIsl KOPUCTYyBaya JUCTAHIIIIHE
abo MmicreBe kepyBaHHs. [Iporpec y po3BHTKY eIEKTPONPUBOJIIB ocTaHHI 5-10
pPOKIB MaB BUOYXOBUH Xapakrep. [IpakTHUHO KOKEH pIK OHOBIIOETHCS MPOAYKIIIS,
10 BUITYCKAETHCS CEPIAHO, POIOHYIOTHCS HOB1 €JIEKTPONPUBOAM 3 MOJIMIIIEHUMHU

CIIOKHMBAllbKMMH BJIACTUBOCTAMMU.



Jlsisi omucy Cy4acHOTO CTaHy CHUCTEM KepyBaHHS €IEKTPOIPHUBOIAMHU TEpen
yCe CIIiJI pO3TJISTHYTH 00’ €KT Ta MOCTAHOBKH 3aJ]a4 KepyBaHHS, 10 XapaKTEepHI JJIst
PO3TJIsIyBAHOTO MEPIOTY.

O06’exT KepyBaHHA, TOOTO HE3MIHHa YaCTHHA 3arajbHOI CHCTEMH
CJIEKTPOIIPUBOA-ENIEKTPOJABUTYHU 3MIHHOTO CTPyMy, CHJIOBI IEpETBOPIOBadl Ta
BHUMIPIOBaJIbHI IPHUCTPOI, B OCTAHHI POKH HE BH3HAB AKICHUX 3MIH, [TOCTYIOBO Ta
4acoM, JJOCUTh CYTTEBO MOKPAIIYIOUYHUCH Yy CBOIX XapaKTEPUCTUKAX [5].

HaiiGinpm  4acto  3acCTOCOBYETHCS  aCMHXPOHHUH  €JIEKTPOJABUTYH 13
KOpPOTKO3aMKHEHHM poTopoM (AJl). B peryiaboBaHOMY NpUBOAI MPOJOBKYIOTh
BUKOPHUCTOBYBATHUCS cepiitHi AJl, cripoekToBaH1 Uisi YMOB MPSIMOTO BKJIFOUEHHS B
3arajibHONPOMUCIIOBY Mepexy. IcHyroul Moaudikalii, sk TpaBUiio, 0OMEXYIOThCS
KOHCTPYKTUBHUMH BJIOCKOHAJICHHSIMU cepiitHoro A/l.

Crocrepiraerbcs  picT BHUIIYCKY  €IIEKTPONPHUBOAIB 13 CHUHXPOHHUMU
JBUTYHAMH 31 30y/KEHHSAM BiJl IOCTIMHUX MAarHiTiB (TaK 3BaHUl O€3KOHTAKTHUMN
JBUTYH TOCTIHHOTO CTpyMy). [li nBUTyHHM MaioTh Haikpaili MacorabapuTHi
noka3Huku. Cepesl IHIIKUX TUMIB ABUTYHIB MOXXHA BUJIUIMTH 1HIYKTOPHUHN JBUTYH
(switch reluctance motor) [6], 0 aKTHBHO MPOIOHYETHCS B OCTaHHIN Yac. Sk
CTBEP/IXKYIOTh PO3POOHUKH, HOTO XapaKTePUCTUKH MOKpAIIEHHI, [0 B KOMOIHAIIi1
31 CIIPOIIEHNM CHJIOBHM IMEPETBOPIOBAYEM JIO3BOJISIE CIIOAIBATHCS HA MOTO MacoBe
3aCTOCYBaHHS. 3 TEPCIEKTHBHUX TAaKOX TMOTPIOHO BIAMITHTH CHHXPOHHO-
pEaKTUBHUN JABUTYH [7], SKMH 3a MPOTHO3aMH BOJOJIE€ MacorabapUTHUMU
NOKa3HUKaMHK, WI0 JIeXaTh Yy MPOMDKKY MDK BIANOBIIHUMH PEKOPAHUMHU
3HAYEHHSIMU CHUHXPOHHOrO JBHUryHa i1 AJl, a 3a eHepreTuyHow eQEeKTHUBHICTIO,
MO>KJIMBO, MEPEBUIIYE X, A0 peul, IpHu OLIbII HU3BKIM BapTOCTl. OJIHAK MOKH 110
e — ABUTYHH Maii0yTHHOTO.

3aranpHa Maca mpoMuciioBux cuioBux mneperBopioBauiB (CIT) Oyayerscs 3a
CXEMOIO TpbOX(pazHUI BUIPSIMIIAY — TPbOX(a3HUI aBTOHOMHHUI 1HBEPTOP HAIPYTH
[8]. Bumoru 110 BITMBY CIIOKMBa4a Ha YKHUBIISTIY MEPEXKY MOCTIHHO IMOCHITIOIOTHCS,
CTaH/IApPTH, IO BBOJATHCS, BUKIIOYAIOTh BUKOPUCTAHHS MPOCTUX BUIIPSMIISIOUUX

cxem Ha Bxoni CII (crammaptu IEEE-519, MEK 555, TOCT 13109). Hns



MOKPAIIEHHS SIKOCTI €HEeProCHOXUBAHHS, MiJBUIIEHHS KOE(IIi€HTa MOTYX HOCTI,
3HWKEHHSI BCTAHOBJIEHOI MOTYXHOCTI Ta BapTocTi CII 3acTOCOBYIOTH BUIIPAMIIAYI
Ha TOBHICTIO KEPOBAHMX KJIKOYaX 13 CUCTEMOIO cTalLIi3allii Hampyry JIaHLIOTB
MOCTIHOTO CTPYMY, CXE€MH 3 JIOJATKOBOIO I1HAYKTHBHICTIO 1 Ta KOMYTYIOUUM
KJIIOYEM JUJIs BUCOKOYACTOTHOT'O IMITYJIbCHOI'O PETYJIIOBaHHS BXIJTHOTO CTPYMY;
CWJIOBa CcXeMa TMpu IbOMYy BoJiogie BOymoBanuM “iHTenekrom” (SMART
texHomoris). B CII BukxopuctoBytotbest cydacHi cuiosi npwiamu (MOSFET,
IGBT, MCT), uro MatoTh JOCUTh MaJli AMHAMIYHI BTpaTH. XapaKTePHUM PEKUMOM
BukopuctanHs CII cTae pexuM BUCOKOYACTOTHOI IIUPOTHO-IMITYJIbCHOI MOTYJISIIT
(IOIIM). Yacrora IIIM mo 10 — 20 xI'm, sika ayis po3TJIsAyBaHOrO Jiala3oHy
MOTY)KHOCTEH JOCHUTh 3aCBOEHA, MOKE BHUSBHTHUCA 30BCIM HE 3aliBOIO MpHU
MiJBHUINCHH] (YHIaMEHTAIBHOT YaCTOTH J>KMBJICHHS HOBHX CJICKTPOJBHUTYHIB, IO
PO3POOIISTFOTHCS.

[lepcnexkTBu 0€3MOCEPEHBOTO MEPETBOPEHHS YAacTOTH HA IOBHICTIO
KEpOBAaHMX CWJIOBHX KJO4Yax (MaTpU4yHl MEpeTBOpIOBayi), TMpU  LBOMY
BUKJIIOYAIOTHCS JIOJATKOBI PEAKTUBHI €JIEMEHTH B OCHOBHIM CHJIOBIM cxeMi (SIK
IHIYKTUBHOCTI, TaK 1 KOHJECHCATOpPHW). MaTpuuHUN TeEepeTBOPIOBAY JIO3BOJISE
OJTHOYACHO CHHTE3yBaTH MNOTPIOHY MAJs SKUBJIEHHS JBHUIYHA BUXIAHY HAmpyry
(ctpym) 1 3a0e3neunTH OakaHUN XapakTep EHEProCHOKMBAHHS Bl KUBIAYOI

Mepexi (ax 1o Bunepemxytodoro COS ).



1. TexHoJIOTiYHA YACTHHA NPOEKTYBAHHSA TA PO3PAXYHKH MeXaHIYHOI
YacTUHH.
1.1. llpuznauenna ma npunyun podéomu eepcmama

Bepcrat cTpiukoBO-NMIbHUN TPU3HAYCHUH I PO3pI3aHHS METaly Ta 1HIINX
JIOBFOMIpHUX MaTepialliB Ha 3aroTOBEIBHUX IIISHKAX I€X1B 3aBOJIIB, PEMOHTHUX
MalCTEpPEHb.

Po3pizyeMuii Marepian BCTAHOBIIOETHCS HAa MIATPUMYIOUl POJIMKH BepcTaTta
Ta POJIbraHra, 10 CKIAJAEThCS 13 JACKUIBKOX OKpeMHX ceKlid. OnepaTop Bpy4HY
3aTUCKA€ BCTAaHOBJCHUW Marepial Ha MOJAIOYMUX POJIMKAX, HaJIaroAuBIIN
MiJBEICHUN ymop Ha HEOOXIAHY MOBXKHHY BiApI3yeMoi 3aroToBku. Omnepetop
BMHKA€E BEPCTAT HAa ABTOMATUYHHUI pEXUM 1 BCl MOAANBIII PyXH Yy BepcTaTi
BUKOHYIOTHCSI Y aBTOMAaTUYHOMY pEXHUMI, TIOKM HE 3aKIHYUTHCS PO3pi3acMUit
MaTepian. ¥ BepcTaTi TaKoX MeperdayeHnil HalaJOuHU PexXuM, IIPU SIKOMY BCiMa
pyXaMu y BEpCTaTi KEpye OrepaTop.

Bepcrat BurotoBnenuii y kiimMatuaHomy BukoHanHi Y XJI kareropii 4. ['pyna

ymoB ekcryaraiii 1 3a TOCT 15150-69.

4. £
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Pucynoxk 1.1. 3aranbauii BUrisg Bepcrara.
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1.2. OcHo6HI mexHIYHI XapaKmepucmuKku eepcmama

OcCHOBHI TeXHIYHI XapaKTEPUCTUKHU BepcTaTa HaBeeH1 B Tabm. 1.1.

Ta0munga 1.1.
Ne
. HarimenyBanHs napameTpy Hopma
1 Po3mip nepetuny po3pizyeMoro matepiaiy, MM 25...350
2 Haii0inpma qoBkuHa Martepiany, IO BiIpI3a€eTbes B
ABTOMAaTHYHOMY PEXKUMI, MM 500
3 [IBuaKiCTh pi3aHHS, M/XB 18...120
4 Po3mipu cTpiukoBO1 NWIKH, MM
JIOBKHHA 4150
HIMpUHA 34
TOBIIMHA 11
5 [IBuaKicTh IOTAYl MaTEpiady, M/XB 1.8+0,5
6 Biacranp Big HU3Y BepcTara 10 OMOPHOI MOBEPXHI
CTOJTY, MM 750
7 CtpyM KUBIISIUOT MEPEKI Tpudazuuii,
8 3MIHHUHT
9 UYactota ctpymy, I'11 50
10 | Hampyra >xuBnsiuoi Mepexi, B 380
11 | Hampyra manmroriB kepyBaHHs, B 110
12 | KinbKiCTh ABUTYHIB Ha BEpCTaTi 4
13 | CymapHa NOTYyXHICTh ABUTYHIB, KBT 4
14 | 'abapuTHi po3MipH BepcTaTa, MM
JIOBKHHA 2250
HIMpUHA 1900
BUCOTA 1750
15 | Maca Bepcrarta, Kr 1000
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1.2. O6peynmyeanns memamuku npoeKmyeaHHA

CrTpiukomwiIbHI TEXHOJOTII BXXE JOKa3adu, M0 Yy 00JacTi IPOCTOro
IPOJYKTUBHOIO BIAPI3HOrO 00MaiHAHH MallOyTHE 3a HUMU. Benukuii 3pict nmapky
CTPIUYKONUIBHUX  BEPCTATIB MPU3BOJAUTHL JI0 0OaraToKpaTHUX  IPOIIO3UIIIH
B1JIpI3HOTO 00JIaTHAHHS HA YKPAiHCHKOMY PUHKY.

Texuiuau napameTpu BepcTara 00yMOBITIOIOTHCS HACTYITHUMU
XapaKTEePUCTUKAMMU:

—  J1larma3oHoM po3MipiB 00poOIIFOBaHUX 3ar0TOBOK;

—  MapKoro Martepiany Ta Horo (pi3MYHUMHU BIACTUBOCTSAMH;

—  HeoOXI1JHOIO MPOIYKTUBHICTIO;

—  Koe(ILIeHTOM 3aBaHTaXEHHs 00JaAHaAHHS.

[IpuBox oOepTaHHS NWIKK 3a0€3MEUYETHCS EIEKTPONPUBOIOM MOCTIMHOTO
CTpyMY 3 BUKOPHCTaHHSM IHIIHAPUYHOTO PEIyKTOpa Ta KIMHOIMACOBOI mepenadi,
o Ha JaHui yac mpu3BoauTh 10 BTpat KKJI enexrpomexaniuHoi cuctemu, Ta
Hee()eKTUBHOMY BHUKOPHUCTAHHIO MOTYXKHOCTI JABUTYHA. TakoX BUKOPUCTaHHS
NpUBOJAa TOCTIHHOTO CTPyMy IIOB’S3aHO 3 YAaCTUMH BIIMOBAMH €JIEKTPUYHOT
YAaCTMHH MOJYJS KEpyBaHHS JIBUTYHOM, BHACIIJIOK MOpPAJIbHOTO CTapiHHS
oOMamHaHHS Ta BHUXOAY 3 Jaay 0araTbOX €JIIEMEHTIB CXEMH KepyBaHHS.
[TigBuIIeHHs [iama3oHy peryJiloBaHHS 3HAYHO TMOKPAIIWIO SKICHI TMOKa3HUKHU
00poOKH, SIK TO MIOPCTKICTh MOBEPXHI1 BIJIP13y, 4ac poOOTH BEpPCTAT 3a OJIUH ITUKIL.

Tomy Oy0 BUPIIIEHO MOJIEPHI3YyBaTH €IEKTPOOOIIaIHAHHS BEpCTATa, a CaMe:

—  3aMIHUTH TPUBOJ pPyXy TMIOJIOTHA CTPIYKOBOI THIKH CYYacCHHUM
PETYJIBOBAaHUM  EIIEKTPONMPHUBOJOM 3MIHHOTO CTPYMy 3 BEKTOPHHUM
KEepPYBaHHSM;

— oOnagHaTH BepcTaT EJIEKTPOHHUM pefie  MIIPaXyHKYy BIJIpI3aHHUX
3aroTOBOK, 10 JO3BOJUTh aBTOMAaTHU3yBaTW IMpolLecc poboTu
BEpPCTAaTHUKA, TA 3MEHILIUTH Yac 0OpOOKH;

—  TOPOBECTH JOCIHIDKEHHS IO ONTUMI3allli NEepeXiJHUX MPOUECIB MpHU

MyCKy Ta HaBaHTa)XCH1 MPUBO/I Pi3aHHI.
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1.3. Onuc koncmpykyii npueoodie eepcmama
KinemaTnuna cxema BepcTaTa npuBeeHa Ha puc 1.2.
[InanerapHuii MOTOp PeAYKTOp 2 nepenae ooepTaHHs Ha IPUBOAHUN OapabaH
1 IPUBOANTH Yy PyX CTPIYKOBY MWIKY. Bin mimaHeTapHOro mMoTop-peaykropa 1 i
JaHIIOroBoi mepenadi 3 oOepTaHHs TMepelaeTbcsi Ha MPUBOAHI pojuku 4
MeXaHI3My mojiayl 3aroToBku. [1[iTka YMCTKHU MUIKK 5 MPUBOJUTHCS Y PyX CAMOIO

ITHUJIKOIO.

Puc. 1.2. Kinematuuyna cxema Metasiooopoonoro Bepcrary CJIIT 8535
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1.4. Po3paxynok nomyxcnocmi 086uzyHa wninoena eepcmama.

[IutanHs mpo BipHUN BUOIP MOTY>KHOCTI €IEKTPOJBUTYHA € AY>KE BaXJIMBUM
Ta BIANOBIAAJBHUM. 3aBHILEHHS MOTYXHOCTI JBUTYHA 30UIbIIIy€ BHUTpPATU
eJIeKTponpuBoa Ta noripiurye enepretuyni nokazuuku (KKJI[, cose). 3anmxkeHus
MOTY>KHOCTI BeZIe /10 MepeHaBaHTaXXKECHHS JBUTYHA, IIBUIKOTO BUXOy HOTO0 3 Jafy,
BUHHUKHE HEOOXIHICTh PEMOHTY 1 B PE3yJbTaTi 3MEHIIYE MPOIYKTHIBHICTH
BepcTaTa.

B mpouieci pizaHHs BUHMKAIOTh 3HA4HI CUJIM pI3aHHS, IO JIIOTh B3JOBXK Tija
CTPIYKOBOI MUJIKH 1 HAIIpaBJIeHI Y CTOPOHY, IPOTHIICKHY ii pyXy.

Ha BennumHy cuiM pi3aHHs MPU CTPIYKOBOMY PO3MWJIEHI J€Tajedl BIUIMBAs
psan (dakTopiB: MEXaHIUHI BJIACTHBOCTI OOPOOIIOBAHOTO Marepiainy, BEJIMYHMHA
1o/iayl, CyMapHa OBXHHA PLKy4oi KPOMKH, reoMeTpis 3y0a, CTaH piKydoi KPOMKH
Ta BHUKOPHUCTOBYEME OXOJOJKEHHs. Hampukiian, mpu po3NWIIOBaHHI CTall CHJia
pi3aHHA OLIbIIe. HIXK ITPU 00pOOIll YaBYHY Ta JIETKUX CIUIABIB.

[ToBeneMo po3paxyHOK TOTYKHOCTI pi3aHHS, BHXOIAYH 3 MaKCHUMaJbHOI
TOBIIMHHU poO3pizyemMoro matepianmy. Hexalt HeoOXimHO pO3MIIIOBATH IOKOBKY-
kpyr miamerpom D=350mMm. Marepian 3aroToBKM BYTJIEPOAMCTa KOHCTPYKIHHA

craib 40 C 3 Mexxero MinHoCTI 0, = 640MI]a.

Cuna pi3aHHS BU3HAUAETHCS 3@ HACTYITHOO (POPMYIIOHO:

P,=Cp-57®b-7,, K (1.1)

pab6

ne C, — KoediuieHT, MO XapaKTepu3ye marepiai, sIKUid 0OpoOIseThCs, Ta
yMoBH ioro o6pobku, C, =360;

b — mupuHa nmponwiTy, MPUUMAEMO PIBHOIO IUPHHI TOJ0THA, b =1,3MM;

S, — noxava Ha 3y0 B MM. IIpu pizanHi craneit 3 o, <800 Mlla HeoOxinHa

z

nomavya KommBaerbes 3a [19] B mexax S, =0,03+012 wmm/3y6. Ilpuitmaemo
s, =0,08.

Z pus — KUIBKICTh OJTHOYACHO ITPAIIOI0YUX 3y0iB;
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D (1.2)

30

t3

»6 — AOBXKUHA po0040i moBepxHi 3y0y, t,, =10 mm;

350

# =10

Z +1=36.

K — nonpaBoyHuil koe(dillieHT HA CHUITy pi3aHHS, IO XapaKTEpHU3ye BIUIMB
MePEIHLOI0 KyTy 3y0a, OXOJIO/DKEHHS Ta CTYIEHI 3HOCY 3YOIB IHJIKH, IS
IPOEKTHOTO po3paxyHKy npuitmemo K =1.

P,, =360-0,08"%.13-36-1=1968 H.

[[IBuAKiICTIO pi3aHHA TPH PO3MUIIOBAHHI HA3WBAETHCS JIOBXKWHA ILISAXY, IO
IPOXOJATh 3yOU MUJIKK BIIHOCHO PO3pI3y€EMOT MOBEPXHI1 JEeTalll 3a XBUIUHY.

Po3paxyeMo mBUAKICT pi3aHHS, TOMYCTUMY BIACTUBOCTSIMU CBEPJIA:

vV, = (1.3)

ne C, — koe(lLI€eHT, 10 XapakTepu3ye 00poOIsieMuil MeTal Ta YMOBH 0OpOOKHY;

T — CTIHKICTh MHUJIKH, BUOMPAETHCS B 3aJICKHOCTI BiJ PEXKUMIB pi3aHHS Ta
BHUMOTH JIO YHCTOTH TTOBEPXHi, XB.;
M — MOKa3HUK BIAHOCHOI CTIHKOCTI,

Y — MOKa3HUK CTEIICHI.
Jnst nanoro Bunanky: C, =170; T =98 xB.; m=0,65; y=0,62.

Toni migcraBuBmIU Bei 3Ha4eHHs y (1.2) orpumaemo:

170

v, = 900 . 0,080 =43,7 m/xB.

YacTora obepranHsa OapabaHy HATSATYBaHHS MWJIKH, BIAMOBIIHA 3HAMACHIN

IIBUJIKOCT1 pi3aHHS:

1000 v,
n,=—— (1.4)
- D6ap
ne Dg,, — miamerp npuBojHOro 6apabaHa HaTsAryBaHHs nuikd, Dy, =420mm.
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~1000- 43,7

n = =33 00/xB.
P 314420

Busnaunmo dactotu oOepranHsa OapabaHy BIAIOBIZHO JO pPOOOYHX

HIBI/I,Z[KOCTeﬁ pi3aHH5{ BCpTara 3FiﬂHO A0 IMaCIIOPTHUX JaHUX:

Nax = M =90,9 00/xB;
3,14 -420

n = 2000:18 a6 o6/xe:
3,14 -420

Bennunna edekTHBHOT MOTYKHOCTI, BUTPAYAEMOI Ha Pi3aHHS MOXe OyTH

BU3HAYCHA 32 (OPMYIIOI0:

p = oV (1.5)
PE 7 60.1020 ~h
o 1968-43,7 _ 4 kBr
P57 60.1020

Busznaunmo HeoOXimHYy MOTYXHICTh enekTpoaBuryHa. KKJI mepenaui

npuiiMemo 1,=0,8. Toxi

P .
P, =—% (1.6)
e
P .
P, =—= 14 =1,75 kBr.
n, 08

KoediienT 3anacy, sikuil BpaxoBy€e BTpaTy Ha HArpiB, TEPTS Ta 1HILE JIEKUTh

B mexkax 1,05...1,2. ITpuiimemo k =11.
Buxonsun 3 nux npuIyeHb BU3HAUUMO HEOOX1JHY NOTYKHICTh IBUTYHA!
P.oos =K P,, =11-175=1925 xB. (1.7)
HomiHanbHy MNOTYXXHICTh €leKTpojBUryHa P, BHOMpaeMo 3a JOBIJHUKOM

[21], nonmepxyr09YrCh HACTYITHOTO CITiBBITHOIICHHS

P, >P

HOM Heoox ' (18)
Tak six panime 3a3Haydanocs, 110 €JIEKTPOIPUBOJ IUIAHYEThCS BUKOHATH HA
0a31 aCHHXPOHHOIO E€JIEKTPONPUBOJA 3MIHHOTO CTPyMy, TOMY BHOHMpAEMO

ACUHXPOHHUH  EJEeKTPOJABUTYH  3MIHHOTO  cTtpymy  cepii  4A90B4VY3.
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EnextponBurynu 1ii€i cepii MpU3HAYAOTHCSA IS BUKOPUCTAHHS Yy MPHUBOAAX
MEXaHI3MIB 3arajlbHOro Mpu3HavyeHHs, pexxuM podotu S1 3a 'OCT 183, cTyninb
3axucty [P44 3a T'OCT 17494, cnoco6 oxonomkenns [C0141 3a TOCT 20459,
kiiMatuuHe BukoHanHs Y3 3a ['OCT 15150.

Tabmuusg 1.2

TexHiuHI XapaKTepUCTUKHU eneKkTpoaBuryHa 4A80B2Y 3.

HaitmenyBanHs nmapameTpy 3HavYeHHs
HominanbpHa OTYXHICTb Prow, KBT 2,2
HominanbHa dazna Hanpyra, Uiwow, B 220
Hominanbauit ctpym, luow, A 4,62
HominanpHa yacTora 06epTaHHs, Nuow, 00/XB 2871
HoMiHalibHE KOB3aHHS, Shom 0,043
KoeditienT kopucHOi A1, HE MEHILIEe 83

COS @ 0,87

Maca, kr 51

Tabmums 1.3

TexHiuHI XapakTepUCTUKU MOTOp-peaykropa 3MII 40-90 310VY2.

HavimenyBanns napameTpy 3HauYCHHS
HowminanpHa gactota oO6epTaHHS BUXITHOTO Baidy N2 90
HominansHuii KpyTHHI MOMEHT BHUXiJIHOTO Baiy, M2, Hm 225
JlonmyctuMe pajiaiibHe KOHCOJIbHE HaBaHTaXEHHS, 1110 3750

MPUKJIAJEHE BCEPEIMHI IMOCAAOYHOI YAaCTUHHU BHXIJTHOTO

Bany, F2, H
KoedimienT kopucHoi i, He MEHIIIEe 81
Maca, kr 51

30BHINIHIA BUIJIAA Ta TabapUTHO-MIA €HYBabHI PO3MIPH  €JIEKTPOJBUTYHA

HaBOJAATHCS Ha puc. 1.5.
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1¢ !5 T

-

Pucynox 1.5. 'aGaputHO-11i71’ € THYBaJIbHI PO3MIPH MOTOP-PEAyKTOpa (HIAHIIEBOTO

BukoHaHHs 3MII 40-90-310Y2 3 enextpoasurynom 4A80B2VY 3.

1.5. Ilepesipka enekmpoosuzyna 3a CMmamuiHuM MOMEHMOM.
Bu3HaunmMo HOMIHAJIBHMM MOMEHT, IO PO3BHBAETHCSA JBUTYHOM 32
dbopmyIioro:

_ P

HOM

MHOM - (19)

HOM

ne ,,,, — HOMIHAIbHA KyTOBA NIBUJKICTh JBUI'YHA, PAJI/C:

n,, 7= 2871-314
=R __ = — =300,5pan/c. 1.10

Tom

=220 732 Hw.
- 3005

[lepeBipuMO JBUTYH 3a €KBIB&JICHTHUM MOMEHTOM. Ha OCHOBI piBHSHHS

€HEpPreTHYHOro OajlaHCcy TMpU YCTAJICHOMY PEXHMI €JIeKTPONpUBOAA IS

nepeaBaIbHOT0 MEXaHi3My MOKEMO 3alicaTH HacTymHe piBHHHS [20]:

M.y, =M. 0,5 (1.11)
ne M, — npuBeNEeHUN 10 Baja JBUI'YHA CTATHYHUN MOMEHT HABAHTAXKEHHS;

n — KKl nepegaBaibHOro MexaHizmy;

@,, — KyTOBa IIBUAKICTb 0OEPTaHHS BaJla CIIEKTPOABUIYHA;

@,; — WBUJKICTb 00EpTaHHS IMTUHEIS.

3BIAKU:
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M

c

giic | Pos _ M e (1.12)

n a)()s u n

M

1e U — nepe/laBajibHE YUCJIO KIHEMAaTHUYHOI JIAHKHU.

6,89
7 0,9-333

M, =732>M, =876

=8,76 Hwm;

baunmo, mo ymoBa, M, > M, BUKOHYy€TbCA, TOOTO B CTATUYHUX PEXKUMAX

JBUTYH BUOpaHUI BIpHO.

1.6. Ilepesipka enekmpooeuzyna 3a OUHAMIYHUM MOMEHMOM.

JIis  mepeBipKM  MOMKIIMBOCTI  €JIEKTPOJBUTYHA BHJICPKYBaTH ITyCKOBE
HABAaHTAKEHHSA, a TaKOX JJIs PO3PaXyHKY JMHAMIYHOI MIIHOCTI JETale 1o
0o0epTalThCsA, HEOOXIIHO BU3HAYUTH MOMEHT Ccwi 1Hepuii Mum, TOOTO
JUHAMIYHUNA MOMEHT, SKUM HEOOXITHO NOJOJaTH JABUTYHY IMpU TMYCKY, 3a
dbopmyoro [19]:

M, =] ¢ (1.13).

oun — Y nmp

ne Jup — TmpuBeACHWI A0 Baja JBUTYHA MOMEHT IHEpPIli BCIX CKJIaJ0BHX
YaCTUH TMEpPEelaloyoro MeEXaHi3My 1 BHKOHABYOrO JIAHIIOTA, SIKi
PYXarThCS;
€ - KyTOBE IIPUCKOPEHHS Bajia JIBUTYHA.

[IpuBenenuit 10 Bajga IBUTyHAa MOMEHT 1HEpINi J,, BU3HAYaEMO, BUXOJIYH 13

PIBHSIHHSI KIHETUYHOI €HEeprii CHCTeMHM JBUTYH — TMepeJalouuil MeXaHi3M 3a
dbopmyIioro:
2 n 2
w ;
— 1 i
E.=J,—+ E Ji —, (1.14)
2 O 2

1e J1 = Ju — MOMEHT iHeplIii SKOps ABUTYHA 1 3B’SI3aHUX 3 HUM YaCTHH, KTM?;
pis s

®1 — HOMIHaJIbHA KyTOBa IIBHUJKICTH Baja €JIEKTPOJBUTYHA MPU YCTAICHOMY
pycL,

Jn — MOMEHT 1HepIIii AeTalIe, siKi 00epTaIOThCs 3 N-UM BaJIOM;
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On — KyTOBa HIBI/II[KiCTB N-ro BaJia.

3anuiieMo piBHSAHHA KIHETUYHOI €Heprii it 00epTOBUX Mac:
2 w2 o 2
w ;
2 2 3 2

B cBoro yepry,
ey @

=3 (1.16)

tomy mifacraBuBmu (1.28) B (1.29) Tta mominuBIM OOMABI YaCTUHU PIBHSHHS Ha

—, OJIEPKUMO

I\J

Jp =g +J +ZJ — (1.17)
i=3 0)1

o 1 .
BpaxoByroun, mo — == OTPUMY€EMO HACTYIIHE PIBHSHHSA:
u.
1 i

1

= (1.18)
Uj

10
Jop =Jo + 35 +>°J,
i=3

ne Ui — mepeiaBalibHI Yuciia nepeaay i-x BajiB.

BpaxoByto4un JOCTaTHIO MPOCTOTY PO3TISAAEMOI CHCTEMH Ta BPaXxOBYIOUH
HE3HAYHW BJIWB HAMOTYBAJIBHOTO IPUCTPOIO Ta KIWHOMACOBOI Iepemadi 3a
pekomenaamismMu 3 [13] mns momiOHOT cHUCTeM MOXHA 3 JOCTaTHBOK MipOrO
TOYHOCTI IPUNHSATH:

J,,=127-3,, (1.19)
J,, =127-0,0056=711-10"

Jl1st BpaxyBaHHS KyTOBOTO MTPUCKOPEHHSI Bajia IBUTYHA, HEOOX1THO BU3HAYUTH 4ac

MyCKY JIBUT'YHA 32 (hOpMYJIOHO:

g =T T (1.20).

nyck
nyck

JIe Oy — HOMIHAJIbHA KYyTOBA MIBUJKICTh BaJia €JIEKTPOJABUTYHA;

Jnp — IPUBEJICHUI 10 Bajly JBMI'YHAa MOMEHT 1HEPIIii, KT MZ;
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Muycx — ITyCKOBUH MOMEHT JBUTYHA. 3rimHO 3 [21] s i€l cepii IBUTYHIB
MHyCK= 2MH0M-
ToOro:

711.107°.2871-7
e 2-14,8-30

=0,036 c.

Toni cepenne KyToBe MPUCKOPEHHS Baja JBUTYHA € 3a 4ac MYCKY JBHUTYHA

CKJIaJaTHUME:
g =2 (1.21),
tnyczc
p= BT 41306 panc?
0,036 - 30

[lincTaBuBIIM OTpUMaHi 3HaYeHHs B (popmyiy (1.27) BU3HAUMMO TUHAMIYHUN

MOMCHT:

M. =4130,6-711-10" =29,36 Hwm.

OuH

JIBUTYH MOXHa BBaKaTW BHOpPaHUM TPABUIBHO, SAKIIO BiIHOIICHHS

K, :M—’”‘, Oyne OUIBIIMM HIXK BIJIHOIIEHHS JAWHAMIYHOIO JI0 HOMIHQJIBHOIO

HOM

Mo
MOMEHTY Kk = —2,

HOM

M

oo 29,36
M, 132

HOM

M}'Z CK
=198 < k, =—"2% =20.
M

HOM

3Bijcu 6a4uMO, 1110 IBUTYH BUOpaHUM BIPHO.
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2. Po3po0ka cucTeMH eJIEeKTPONPHUBOJAa MeTAJT000pPOOHOIr0 BepcTaTa.
2.1. Oz2na0 cyuacnozo cmany cucmem kepysanua A/l.

VY 3aragpHOMY BHWNAJAKy MOKHAa BHWJIUINTH JIBa OCHOBHHX 3aBIaHHS, IO
BUPIIIYIOTBCS  PETYJIbOBAHUM  €JIEKTPOTPUBOJIOM: KEpPyBaHHS MOMEHTOM 1
IMIBUJKICTIO 00epTaHHs JaBUTYHA. HeoOXiAHICT,  peryiaroBaHHS MOMEHTY
JTUKTYETHCS TEXHIYHUMHU 1 TEXHOJIOTIYHMMH BHMOTAMH, IO TPEI'SIBISIOTHCS 0
enekTporpuBoay. s HOpMalbHOTO (DYHKITIOHYBaHHS TIPHUBOJA HEOOXITHO
0OMEXyBaTH MOMEHT 1 CTPYM JBUTYHA JIONMyCTHMHUMH 3HAYEHHSMH B TICPEXiTHUX
npolecax IMyCcKy, TaJIbMyBaHHS 1 JIOAATKUM HaBaHTAKEHHA. [l MexaHI3MiB, 11O
BUMPOOOBYIOTH MPH POOOTI 3HAYHI MEPEBAHTAKEHHS a)K JI0 CTOMIOPEHHSI poO0YOTO
opraHy, BUHUKAa€ HEOOXIIHICTh O€3MepepBHOIO PEryJIIOBaHHS MOMEHTY JIBUTYHA B
IIJIAX OOMEKCHHS TUHAMIYHMX YyJapHHX HaBaHTaAKECHb. Y 0ararbox BHIAIKaX
MOTPIOHE TaKOX TOYHE JO3yBaHHS 3yCWUIA Ha poOodomy oprani (IIPUBOIU
METa’1000pOOHUX BEPCTATIB, HAMOTYBaJIbHI MAIIMHHU 1 1H.).

TexHnonoriyni pexxumu 06araThb0X BUPOOHUYMX MEXaHI3MIB Ha PI3HHX eTarax
poboTH BHUMararoTh pyxy poOOUYOro opraHy 3 PI3HOK MIBUAKICTIO, IO
3a0e3nedyeTbcsi a00 MexaHIYHUM, a00 IIITXOM EJIEKTPUYHOTO PEeTyIIOBAaHHS
MIBUAKOCTI enekTponpuBoay. [Ipu 1mpoMy BUMOTH 10 Jiama3oHy 1 TOYHOCTI
PETYJIIOBaHHS IBUAKOCTI MOXYTh 3MIHIOBATUCS B IIOHAHIIMPIIAX MeEXax

3aJIe’HO BiJ 00J1aCTi 3aCTOCYBaHHSI €IIEKTPOTIPUBO/IA.

2.1.1. Memoou xepysanms

Jlyis BUpilIeHHs 3aBAaHb PETYJIIOBAHHS IIBUIKOCTI 1 MOMEHTY B Cy4acHOMY
eJIEKTPOTIPUBO/Ii 3aCTOCOBYIOTH JIBA OCHOBHI METOIM YaCTOTHOTO KEPYBAHHS:

—  CKaJIIpHE KePyBaHHS;

—  BEKTOpHE KepyBaHHSI.

ACUHXpOHHHMI €JEKTPONPUBOJ 3 CKAJIIPHUM KEPyBaHHSM € Ha CbOT'OJHI
HAlOUIbII TOIIMPEHUM. BIH 3acTOCOBYETBbCS y CKJIaAl MPUBOAIB HACOCIB,

BEHTUJISITOPIB, KOMIPECOPIB 1 IHIIMX MEXaHI3MIB, Ul SIKUX BaKJIUBO
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niATpuMyBaTH  a00 MIBUAKICTb O0OepTaHHS Balxy JABUTYHAa (TpU  I[bOMY
BUKOPHUCTOBYETHCA JaTUMK LIBUAKOCTI), a00 TeXHOJOor14yHUM napamerp. OCHOBHUIN

OPUHIMI CKAJSIPHOTO YMPABIIHHS - 3MIHA YacTOTH 1 aMIUITYyAM L0 >KUBUTH
HaIpyry 3rigHo i3 3akoHoMm U / f" =const, ne n>1. KoHkpeTHMII BHI 3aI€KHOCTI

BU3HAYAETHCS BUMOraMH, WO MPEA'SBISIOTHCS [0 MNPUBOJLY HABAHTAKCHHSIM.
3BUYHO 32 HE3AICKHY JiI0 OEpeThCsl 4acToTa, a 3HAYEHHS HANpPYTH TpH JaHIl
YacTOTI BHM3HAYa€ BHUJ MEXAHIYHOI XapaKTEPUCTHKH, 3HAYEHHS IIyCKOBOIO 1
KpUTUYHOrO  MOMeHTIB. CkaisipHe  KepyBaHHs  3a0e3reuye  MOCTIHHICTh
NEPEBAHTAXYBAJIBHOI 3/JaTHOCTI MPUBOY HE3aJIEKHO BiJl YaCTOTU HAIPYTH, IPOTE
Ma€ Miclle 3HW)KEHHS MOMEHTY, IO PO3BHUBAETHCS JBUTYHOM, MpPU HU3BKHUX

gactorax (mpu f <01-f ). MakcumanbHUIA Jiama3oH peryJtOBaHHS IIBUIKOCTI

HOM
oOepTaHHsI poTOpa MPH HE3MIHHOMY MOMEHTI OIOpPY JJIsi MPUBOJIB 3 CKAISIPHUM
KepyBaHHAM gocsrae 1:10.

MeTton ckaJasipHOrO yHpaBJIiHHS BIIHOCHO MPOCTHUI B peajizallii, aje BOJOJIE
JIBOMa 1CTOTHUMH Henoiikamu. [lo-mepiie, 3a BiICyTHOCTI JaTYMKa MIBUIKOCTI Ha
BajJly JIBUTYHAa HEMOJXKJIMBO PETYJIIOBATH IIBHJKICTH OOEpPTaHHS Bally, OCKUIBKH
BOHA 3QJICKUTHh BiJl HaBaHTa)KEHHA. HasBHICTh JaTYMKa MIBUAKOCTI BHUPIMIYE IO
npo0ieMy, TMpOTe 3aIMINAETHCA JPYrUid ICTOTHUM HEJONIK — HE MOXHa
peryJjiroBaTd MOMEHT Ha Bally JABUTYHA. 3 OJHOrO OOKY, 1 I[f0 MPOOJIEeMy MOXHa
BUPIIIUTH YCTAaHOBKOIO JaTYWKa MOMEHTY, MPOTE TakKi JaTYMKH MAlOTh JIyXkKe
BHCOKY BapTICTh, III0 YaCTO TIEPEBUIIYE BAPTICTh BCHOTO MPUBOAY. AJie HaBiTh 3a
HAsIBHOCTI JIaTYMKa YIpPaBIiHHS MOMEHTOM BUXOJUThH JIy>K€ 1HEpLIHHUM. bbb
TOTO, MPU CKAJSIPHOMY YIPaABIiHHI HE MOKHA PETYJIIOBATH OJJHOYACHO 1 MOMEHT 1
IIBUKICTh, TOMY JOBOJUTHLCS BUOMPATH Ty BEJTUYHHY, KA € HAHOLIBIII BaXKIIMBOIO
JUTSI TAHOTO TEXHOJIOTIYHOTO TIPOIIECY.

Jlis yCyHEeHHS HENOJIKIB, BJIACTUBHX CKAJIAPHOMY YIPaBIiHHIO, (ipMOIO
SIEMENS me B 1971 poui 0yB 3anponoHOBaHUI METOJ BEKTOPHOI'O YNPAaBIIIHHS.
[lepmri BapiaHTH TPHUBOJIIB 3 BEKTOPHUM KEPYBAaHHSM BHUMAarajid BUKOPUCTAHHS
JBUTYHIB 3 BOYJIOBaHMMH JaTdyukaMu TOTOKY. Ile 1cTOTHO o0OMexyBaio

3aCTOCYBaHHS TaKUX MPUBOJIB.
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Y cydacHHX €NEKTPOINpPHBOJAX B CHUCTEMY KEPYBAHHS 3aKJIaJa€ThCS
MaTeMaTU4YHa MOJIENIb JABUTYHA, sIKa JI03BOJIIE PO3PAaXOBYBATH MOMEHT Ha Bay 1
HIBUAKICTh 00epTaHHs Baiy. [Ipu nboMy HEOOXIAHUMH € TIIBKH JATYUKUA CTPYMY
da3 craropa ABUTyHA. 3aBISKH CHCMIIbHIN CTPYKTYpl CUCTEMHU YMPABIIHHS
3a0€3MeUyeThCA  HE3ICKHE 1 MPAKTHUYHO Oe3iHEepIliiHe peryaroBaHHS JBOX
OCHOBHHX IIapaMeTPIB - MOMEHTY Ha BaJly 1 IIBUAKOCTI OOepTaHHS.

Ha cporomui cgopMyBaiaucsi 1Ba OCHOBHI KJIacH CHCTEM BEKTOPHOTO
yIOpaBIiHHS - 0€3/1aTYUKOBI cucTeMu (03 JaTurKa MIBUAKOCTI Ha Baldy JBUTYHA) 1
CHCTEMH 13 3BOPOTHHUM 3B'A3KOM 3a MIBUIKICTIO. 3aCTOCYBaHHS TOTO a00O 1HIIOTO
METOJly  BEKTOPHOTO  KEPyBaHHS  BHU3HAYAEThCA  OOJACTIO  3aCTOCYBaHHS
enexkTponpuBoga. I[lpu HeBenuMKuX Jiana3oHax 3MIHM MIBUAKOCTI (HE Ouiblne
1:100) 1 BuMorax mo TouHOCTI ii miaTpuMku He Oinbm +0,5% 3acTOCOBYIOTH
0e3JaTYNKOBE BEKTOpHE YIpaBiiHHA. K0 X IIBUAKICTH OOEpPTaHHS Baly
3MIHIOEThCSL B IIMpOokuX Mexax (a0 1:10000 1 Oinmbin), € BUMOTHU JI0 BHCOKOI
TOYHOCTI MATPUMKH MBUAKOCTI o6epTanns (10 £0,02% npu gactotax obepTaHHs
meHmie 1 I'm) abo € HeoOXiIHICTh MO3UIIIOHYBAaHHS Bally, a TaKOX IpHU
HEOOXITHOCTI PETyJIOBaHHS MOMEHTY Ha Baly JABUTYHAa Ha JyXKE€ HU3BKHX
yacToTax o0OepTaHHs, 3aCTOCOBYIOTh METOJM BEKTOPHOTO YIPABIIHHS 13
3BOPOTHUM 3B'SI3KOM 32 IIBHJIKICTIO.

[Ipy BUKOpUCTAaHHI BEKTOPHOTO YIPABIIHHS JOCSTAIOThCSA HACTYIHI
nepeBaru:

— BHCOKa TOYHICTh PETYJIIOBAaHHS IIBUJKOCTI HaBITh 3a BIJICYTHOCTI JaT4HKa
MIBUIKOCTI;

— IUIaBHE, 0€3 pUBKiB, 00epTaHHS ABUTYHA y 00JIaCcTi MaJIUX YacTOT;

— MOXJIMBICTh 3a0€3MeYeHHS] HOMIHAJIHLHOTO MOMEHTY Ha Bally MPHU HYJbOBIH
IIBUIKOCTI (3@ HasIBHOCTI JaTYMKa IITBUIKOCTI);

— IIBHMJIKA peaklis Ha 3MIHYy HAaBaHTAXEHHS: NpPU pI3KUX CTpHOKax
HABaHTAKEHHS MPAKTUYHO HE B1I0YBa€ThCA CTPUOKIB IMIBUIKOCTI;

— 3a0e3MeYeHHs] TaKOro PeXUMy pOOOTH JIBUTYHA, TPU SIKOMY 3HUKYIOTHCS

BTpaTH Ha HArpiB 1 HAMarHi4eHHs, a oTxe, masuinyetscss KKJI nBuryna.
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Pa3om 3 oueBHIHUMHM NepeBaraMu, METOAY BEKTOPHOIO KEPYBAHHSI BIACTHBI 1

NesIKI HENOJIKH, Takl, K BeJIMKa OOYMCIIIOBaJIbHA CKJIAJHICTh 1 HEOOXIIHICTH

3HAaHHS MapaMeTpiB JBUryHa. Kpim Toro, npm BEeKTOPHOMY KEpyBaHHI1 KOJIMBAHHS

MIBUAKOCTI Ha TMOCTIHHOMY HaBaHTaXCHHI OUIbIe, HDK TMPU CKAJIIPHOMY

KepyBaHHI.
Ta6mmms 2.1
— cunycoiganpHa [HIIM
— METOJl MPOCTOPOBOI MOIYJALIi 0a30BUX BEKTOpIiB (Space
Vector Modulation)
(bolz)/[;;zggm Yacrora [LIUM HacTporoBana,
BuxigHoi | 8...16 kI’ amst motyskHOCTI Bix 0,75 no 30 kBt
Halpyra u 4...8 kI'y s moryxHocTi Buie 37 kBT.
JI1s1 3HMDKEHHST PIBHSI aKyCTUYHOTO IIYMY BUKOPHUCTOBYETHCS METOJT
«m’sikoi» M.
CkansipHe KepyBaHHS:
— KJIACCUYHEE CKaJIIpHE KEPYBaHHS 110 3a/IaHHINA XapaKTePUCTHII
U/,
— CKaJISIpHE KePYBaHHsI 3 KOMIICHCAIII€I0 TIa{IHHS HAIIPYTH Ha
crarope (IR xomnencarris);
Meron — CKaJIIpHOE YIIPABJICHHE C KOMIICHCAIINEH CKOJIbKEHHUS.
I;eB};I yr];?i[z BekropHe kepyBaHHS:
— 0e3/1aTYNKOBE BEKTOPHE KEPYBAHHS IIIBUJKICTIO;
— 0e37aTYNKOBE BEKTOPHE KEPYBaHHS MOMEHTOM;
— BEKTOPHE KePYBaHHsI MIBUAKICTIO C JATYUKOM 3BOPOTHHOTO
3B’SI3KY;
— BEKTOPHE K€PYBaHHSI MOMEHTOM C JaTYMKOM 3BOPOTHBHOTO 3B’SI3KY.
— [locTiitHUM cTpyMOM,;
Meton
rajipMyBaHHs | — AMHAMUUHE ralbMyBaHHS 3 BUKOPHCTAHHAM BOYZJOBAaHOTO YU
ABUTYHA | 30BHINIHKOIO TaJIBMIBHOT'O PE3HCTOPA.




25

2.1.2. Ilo6yoosa cunosoi uacmumu

Haiibinpmioro mommpenHss HaOynau mneperBoproBaui  uvacrotu (ITY) 3
MPOMIKHOIO JIAHKOIO TOCTIMHOTO CTPyMY, MOOYJOBaHI MO CXEeMl BUIPAMISY —
aBTOHOMHMM 1HBepTOp. [lpuHIun poGotu 1 oOxacTi 3actocyBanHs Takux [1Y
3aJie’KaTh Bl TUIY BUKOPHCTOBYBAHOI'O BHUIIPSAMIISYA 1 aBTOHOMHOTO 1HBEpPTOpa
(iHBepTOp HApyru ab0 IHBEPTOP CTPYMY).

IcHye nexisbka pi3HUX CXEM BUIPSAMIISAYIB. 32 MPUHIUIIOM Jii BOHU MOXYTh
OyTH po3aUieHl Ha TpU TpyNU: KepoBaHi, HAIIBKEPOBaHI 1 HEKEpPOBaHI.
CXeMOTEXHIYHO BCl BUIPAMISAYL OyAyrOThCS 3a TpU(A3HOK MOCTOBOIO CXEMOIO.
Haiibinpmoro mnomwupeHHss HaOylIu HEKepoBaHI BuUMpsMiIsdl. BukonyBani Ha
HAWUMpPOCTIMIMX 1 JELIEBIIMX HAIMIBIPOBIIHUKOBUX NpHIagaXx — 103X, BOHU
XapaKTePHU3yIOThCI MAaKCUMAaJIbHOIO MPOCTOTOIO 1 HajikHicTIO, BucokuMm KKJI, a
TaKOX JIOCTaTHRO BHUCOKOIO SIKICTIO BHUXIAHOI (BHUIPSMIIEHOTO) HAMNpyTrH 1
TapMOHIMHOTO CKJaJy CTPyMy, CIOXHBaHOTO 3 Mepexi. [IpoTe HekepoBaHICTb
Ipoliecy TIEPETBOPEHHS C€HEPrii He J03BOJIAE€ pealli3yBaTH PEKUMH peKyIeparlii,
HEOOX1/TH1 y 0araTb0X BHUIIAJIKaX.

KepoBani BumpsmiIsidi, IO BUKOHYIOTHCS 3BHYHO Ha HHU3BKOYACTOTHHUX
TUPUCTOpaX, IM030aBJeHI SK HEOJIKIB, TaK 1 OUIBIIOCTI JOCTOIHCTB JIOJHHX
BunpsmisiyiB. Bouu Bonoaitors Bucokumu KKJ[ 1 BracTuBicTIO 00OPOTHOCTI MO
HAmpsiMy TIEPETBOPEHHS €Heprii 1 3BHUYHO BHUKOPUCTOBYIOTHCS CHUTHHO 3
ABTOHOMHHUMH 1HBEPTOpPaAMH CTPyMy JUIS PETYJTIOBaHHS BEJIMYMHU BUXITHOTO
CTpyMy TMepeTBopioBaua. Hemomiku KepoBaHWUX BUNPSIMIIAYIB TONSITAOTh B
MIJBUIIIEHOMY PIBHI MyJbCAIlld BUIMPSAMIICHOI HAMpYTH, B 3HIKCHOMY 3HAYCHHI
Koe(illieHTa MOTYXHOCTI, IKUI 3MEHIIY€ThCS MPOIOPIIIHO BUXIAHIN HAMpy3i, 1 B
OJTHOCTOPOHHBOMY HAampsiMi BUXITHOTO cTpyMmy. [Ipm HeoOxigHOCTI 3abe3neunTH
NPOTIKAHHS BUIPSIMIICHOTO CTPyMy B 000X HampsMax BUKOPUCTOBYIOTh
PEBEPCHUBHI TUPHUCTOPHI TMEPETBOPIOBAYl, IO CKJIAJAIOTHCA 3 JIBOX BKJIIOUECHHX
3yCTPIYHO-TIApPAICTFHO THPUCTOPHUX BHUIMPSMIIAUYIB, OAWH 3 SKUX MPU3HAYCHUU
JUIsl TIPOTIKAHHS CTPYMY HaBaHTaXEHHS B MPSMOMY, a IHIIUA y 3BOPOTHOMY

Hanpsmi. e yckiaHIoe 1 3JI0p0Ky€e MepeTBOPIOBaY.
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Puc. 2.1. IlpunnunoBan cxeMa CUIOBOI YaCTUHU TIEPETBOPIOBAYIB!
a) aBTOHOMHUM 1HBepTOp cTpymy (AIC);
0) aBToHOMHU iHBepTOp Hanpyru (AIH).

HamiBkepoBaHi BUNpAMIIAYl  3alMalOThb MPOMDKHE TIOJIOKEHHS  MIXK
KEpOBAaHWMH 1 HEKEPOBAHUMH BUTIPAMIITIAMH, TO3BOJISTIOUN PETYIIIOBATH 3HAYCHHS
BUTIPSIMIICHOT HAMpPYru 0€3 MOKJIMBOCTI peKymneparlii eHeprii B Mepexy. Y pasi
KEpOBAHUX 1 HAIIIBKEPOBAHUX BUMPAMIIAUIB 3'SBIISE€THCS MOKIUBICTD BIAKIIOUEHHS

cuioBoi cxemu ITH Bix Mepexi 6€3 BUKOPUCTAHHS JOIaTKOBOI'O YCTAaTKyBaHHS.
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3aJIe’KHO B1J] THUILY aBTOHOMHOI'O 1HBEPTOpa KOHTYP MOCTIHOIO CTPyMY MOXE
OyTHu BUKOHAHMH SIK JIaHKa, [0 3a0e3nevye nocTiiny Hanpyry (3suaHo C- abo LC-
¢b1abTp), 200 SAK JaHKA, IO MIATPUMYE MOCTIHHICTH CTpyMy ((DUIbTp y BUIIISAL
peakTopa 13 3HAYHOIO I1HJAYKTHUBHICTIO). BenmnmumHa MICTKOCTI KOHJEHCATOpa B
JIaHIII MOCTIHHOTO cTpyMy 3BUYHO ckiangae 2000-20000 MxD.

XapakTepHUMU OCOOJIMBOCTSIMU aBTOHOMHUX 1HBEpTOpiB cTpymy (AIC, mai.
la) € »kuBNEHHS BiJl JpKepena cTpyMmy (Y JIAHIIOT JiKepelia BKIFOUCHUN APOCeb
3HaYHOI 1HAYKTHUBHOCTI), OOMIH pPEaKTUBHOI'O E€HEPri€l0 HABAHTAXKEHHA 3
KOMYTYIOUMM KOHJIEHCATOPOM, 3HAYHE KOJIMBAHHS HAIMPYTH HAa BXOJl 1HBEpTOpa
P TIOCTIMHOMY CTPYMI JIDKEpeia, a TAKOXK 3aJIeKHICTh (POPMHU KPUBOI HAIIPYTH HA
BUXOJ1 1 BXOJl 1HBepTOpa BIJ Xapakrepy HaBaHTaxeHHA. AIC TexHIYHO
peanizyroTbes mpoctime, HiK AIH, OcKiabkM B HHX BIACYTHIH TOBOPOTHHM
miogauit mMict. Y IIY Ha ocHoBi AIC npu BUKOPUCTaHHI KEPOBAHUX BHUIPSIMIISUIB
MOXKJIMBA pPEeKyIepallis €Heprii B MEepexy, 10 BaXKIIUBE JJIsl €JIEKTPONPUBO/IIB, 11O
IPAaLOI0Th B MOBTOPHO-KOPOTKOYACHUX PEKUMaX pOOOTH.

XapaktepauMm HemonikoM AIC € Te, moO BiH HE MOXKE NpaIIOBaTH Ha
XOJIOCTOMY XO7i (3 BiAKIrOYeHUM ABUTYHOM). Kpim Toro, mpu Bukopuctanui AIC
MO>KJIMB1 ICTOTHI BTpAaTH MOTYKHOCTI 1 (OpMYBaHHS JOJATKOBUX OOYPIOIOUMX
MOMEHTIB B JIBUTYHI, III0 MPUBOSITH A0 KOJHUBAHb MIBUIKOCTI.

[Ipu HeoOximHocTi (opmMyBaHHS CTPyMiB JIBUTYHA, OJHM3BKUX IO
CHHYCOIIaTbHUX, IOTPiOHE 3HauHe yckinaaHeHHs cxemu AlC.

OcoOnuBoCTSIMU aBTOHOMHHX 1HBepTOpiB Hampyru (AIH, man. 10) €
JKUBJICHHSI BIJ] JUKEpella Hampyrd, 3aMUKaHHS KOHTypa PEaKTUBHOTO CTPYMY
HABAHTAXKEHHS Yepe3 3BOPOTHI JIIOAM 1 HE3aJIeKHICTh OPMU KPUBOI HAIPYyrd Ha
BUXOJIl IHBEpTOpa BiJl XapakTtepy HaBaHTaxkeHHS. Hemomikom AIH € HeoOXigHICTH
BUKOPUCTAHHSA PEBEPCUBHUX BUNPSIMIISIYIB JJII OpraHizaiii peKyrnepaTHuBHHUX
pexxuMiB poOOTH enekTponpuBoay. [Ipore 3acTocyBaHHA I1HBEPTOPIB HAIpyru
J03BOJIsIE 0€3 YCKIIAJHEHHS CXEMH OJIepKaTH BHUCOKI €HEpPreTU4Hl MOKAa3HUKH 1
3a0€3MeYnTH BUXIAHI CTPYMH, OJM3bKI 10 cuHycoiganpHux. Came 11e 00yMOBIIIOE

mupoke 3actocyBaHHs AIH B cydacHOMY eJ1eKTpONpPUBO/IL.
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Jlnst moOyTOBU CHUJIOBHX KIIOYIB y 00JIACTI KOMYTOBAaHUX CTpyMiB 70 50 A
BUKOPHUCTOBYIOTBCS OIMOJSAPHI TpaH3UCTOpU 3 i301boBaHuM 3aTBopoM (IGBT) 1
MOJIbOBI ~ TpaH3ucTOpu 3 13oiboBaHuM 3arBopoM (MOSFET), a Takox
HU3BKOYACTOTHI 1 BHUCOKOYACTOTHI mgionu 1 Tupuctopu. CuiioBi OimosspHi
TpaH3UCTOpH B Aiama3oHi 10 50 A 3HaXOASTh OCHOBHE 3aCTOCYBAHHS B JCIICBOMY
MPOMUCJIOBOMY YCTAaTKyBaHHI. Y 001acTi KOMYTOBaHMX CTpyMiB Ouibiie 50 A
OCHOBHMMH BUKOPHCTOBYBAHUMH MPUJIAJIaMHU € CHIJIOBI MOYJIl Ha 0a31 O1MOISIpHUX
TpaH3UCTOPIB, TUpUCTOPH, 1110 3amukaroThest (GTO, GCT, IGCT). OcobnuBo ciif
BUJUIMTH  TPAH3UCTOPHI 1 JI0JHO-TPAH3MCTOPHI MOJIYyJi, BHKOHaHI 3a
IHTErpajbHOI0 TEXHOJIOTi€I0 Ha ocHOBI Tpan3uctopiB Tuny IGBT. Husbki BTpaTn
MOTYXHOCT1 B KIIFOUOBUX PEXHUMaXx, BEIUKI 3HaYEHHSI poOOYO0i HANPYTH 1 CTPYMIB,
Majll Yach BKJIIOYEHb 1 BIIKIIOUCHb IIMX MOJYIIB, a TaKOX MOJJIHUBICTh iX
BUKOPHUCTAaHHS TIPU TMapajieibHIi poOOTI JO03BOJSIOTH CTBOPIOBATH MOTYTHI 1
KOMIIaKTHI TMEpPEeTBOPIOBAJIbHI YCTAHOBKM 3 BHCOKOI YacTOTOK KOMYTarlil

HaITIBIPOBITHUKOBUX KITFOUIB.

2.1.3. Ilob6yoosa cucmemu KepysaHHsi.

OCHOBHUM €JIEMEHTOM CHCTeM TiepyBaHHs cydacHux [1Y e cmemianizoBaHuit
MIKpOKOHTpoJiep abo uudpoBuil cur”HanbHuii mnpouecop (DSP). Ilobynosa
cucTeMu KepyBaHHs Ha 0a3i DSP oOymoBieHe HEOOXiTHICTIO TPOBEICHHS Y
BEJIMKOT0 00'eMy CKJIAIHUX OOYHUCIIEHb B PEXKHUMI pPEealbHOTO Yacy s peasizalii
CyYaCHUX aJrOpUTMIB yrpaBiiHHA. HailOuibmoro Miporo 1€ KPUTUYHO IS
0€31aTYNKOBUX CUCTEM BEKTOPHOTO yIPABIIIHHS.

Cucrema ympaBiiHHA MoOxe OyTh OO0HO uM  0araTompoIECOPHOIO.
OpHOMPOIIECOPHI CHCTEMH MAalOTh ICTOTHI HEIONIKH: N0 MIKPOKOHTpOJIEepa
Npea'sBISIIOTECA MIABUIICHI BUMOTH MO HAasBHOCTI BOyJOBaHUX mepudepiiftHux
MOJYJIB 1 MOPTIB BBEICHHS-BUBOAY, MO IMIBUIAKOAII 1 00'eMy mam'sTi; 3HaA4YHO
YCKJIAJIHIOEThCA pOo3po0Ka mporpaMHoro 3abdesneueHHs. [Ipote npu pienHi 3aia4
YOPABJIIHHS HEBUCOKOI CKJIAJHOCTI TIJHICTIO OJIHOINPOLIECOPHUX CHUCTEM €

MIPOCTOTA aMapaTHOi 1 MPOrpamMHOT peatizaliii.
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B nanuii yac OUIBIIICTH MEPETBOPIOBAUIB OyAYIOTHCS Ha JIBOIIPOLIECOPHIN
ocHoBi. [lepmmii npouecop (LII11) Bukonye ocuoBHi (ynkuii [TH (peamizamis
QITOPUTMIB YNPABIIIHHS 1HBEPTOPOM, BHUIIPAMISYEM, ONUT JATYUKIB 1 T. J1.),
npyruii (III12) 3abe3nedye poOOTy MynbTa YIPaBIiHHSA, 3B'SI30K 3 CHUCTEMOIO
BEPXHBOTO PIBHSA 1 1HIII cepBicHI QyHKIi. Ciig 3a3HAUYUTH, 0 PO3MOALT QYHKIIIHI
MK MIKPOKOHTpOJIepaMi MOKe€ OyTH TNPOBEIEHUN 1 IHIIAM CIIOCOOOM.
JlocToiHCTBAa JBOMIPOILIECOPHOI CHCTEMH B IOPIBHSAHHI 3 OJHOINPOIICCOPHOIO -
3HmkeHHs BuMor ao LII1 1 HI12 ta BOynoBaHiii nepudepii, mBuakoii i 00'emy
nam'siTi;  MOXJIMBICTh ~ 3aCTOCYBaHHSI  €IMHOTO iHTepdelcy s 3B'SI3KY
HEHTPAILHOT'O KOHTPOJIIEpa 3 MyJIHTOM YIPaBJIIHHS 1 3 CUCTEMOIO aBTOMAaTH3aIlll
BEPXHBOTO PiBHS; 3HAYHE CIIPOIIEHHS PO3POOKH MPOTPAMHOTO 3a0e3MeYCHHS IS
KOYKHOT'O 3 KOHTPOJIIEPIB.

VYropaBiiHHS ~ JIpaliBepaMu  1HBEpPTOpa  3AIMCHIOETHCS 32  JIONIOMOTOIO
dbopmyBanHs mectukaHanbHoro IIIIM-curnany 3 aBTOMAaTUYHUM JOJaBaHHSIM
«MEpTBOTO Yacy». Y OUIBIIOCTI MIKpOKOHTpoJepiB moayib IIM peanizoBanuit
amapatHo. [lms orpumanHs ¢GOpMHU  BHXIAHOI HAmpyrd, OMU3BKOI 10
CHUHYCOianbHOI (110 OCOOJMBO KPUTHUYHO MPU CKAJISIPHOMY YIIPABIIiHHI), MOXKE
BUKOPHCTOBYBATHUCS MpOTrpaMHa abo arapaTHa KOPEKIIisl «MEPTBOTO Yacy». Takoxk
B OUTBIIOCTI BUIAJIKIB peali3yeTbes amapaTtHe O0yiokyBaHHs curHaiiB LM y pasi
aBapii.

KepyBanHs miepeTBOproBadeM MOXKE 3IHCHIOBATHCS 3a TOTIOMOTOIO MYJIbTa,
JIMCKPETHUX a00 aHAJIOroBUX BXOJiB. [lepeTBoproBadi KOHCTPYKTUBHO OYAYIOThCS
32 MOMIYJIBHUM TMPUHIHUIIOM, MO0 JO3BOJIIE BBOAUTH B HHUX JIOJATKOBI
GbyHKIIOHATBHI MOYJI, K1 B IO€/IHAHHI 3 BOYJJOBAHUMU MPOTPAMHUMHU 3aC00aMU
JO3BOJISIIOTH  OJIEP)KATH Pi3HY KOHQITYpaIiio EJIeKTPONPUBOAA — B MPOCTUX
PO3IMKHEHUX JI0 TOYHUX 3aMKHYTHX CHUCTEM IO3MIIIOHYBaHHs. SIK MpaBUiIO, Taki
MOJYJII PO3MIMPEHHSI MICTATh B CBOEMY CKJIAJl aHAJOTOBI 1 JUCKPETHI BXOAH 1
BUXO/IU, a TAKOX 1HTepdeiicu 3B'I3Ky.

Bci anamoroBi BXoau 1 BUXOJM Ha IJIATHI PO3IIMPEHHS MarOTh BOYJIOBaHE

JOKEPEJIO JKUBJICHHS 1 3BHUYHO BUKOHYIOThCS TajbBaHIYHO PO3B'S3aHUMH BiJl
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CUCTEMH YIPABIIHHSA 1 AUCKPETHUX BXOAIB 1 BUXO/1B. PYHKIIi, 1110 BUKOHYIOTHCS
aHAJIOTOBUMHU BXOJaMU 1 BHUXOJIaMH, HPOTPamMylOThCS 3 IMyJbTa YIPaBIIHHS.
AHaJIOTOBI BXOJW CIY>KaTh JJIS IMJKITIOYCHHS JATYMKIB 3BOPOTHOTO 3B'S3KY TIO
TEXHOJIOTIYHUM TIapaMeTpaM.

Y oOimpmocti ITY € Takox BXig JId MMAKIIOYEHHS TOTEHI[IOMETpa,
BUKOPHUCTOBYBAHOI'O SK 3aJaTuyhka BuxiHOi yacTtoTu (mns [MY 13 ckanspHuM
KepyBaHHsAM) a00 4acToTu obepranHHs poropa asuryHa (mist [1TY 3 BekTOpHUM
KepyBaHHSM), TIPH IIbOMY IS JKUBJICHHS 3a/JaTUYMKa YaCTOTH BHKOPHUCTOBYETHCS
BOYZIOBaHE JKEPEJIO KUBIICHHS.

MOJIMBO TaKOXK HAsBHICTh JOJATKOBOTO BXOXY JUIS MIAKIIOYEHHS JaTUHKA
TeMIIEpaTypu JBUTYHA (TEpPMOpE3UCTOpa). AHAJIOTOBI BHUXOIU CIYyXKaTh IS
iHauKaiii omHoro 3 mapameTrpiB crany IIY (mampukiaa, TOTOYHOI BHXIIHOI
4acTOTH a00 PO3PaXyHKOBOTO 3HAYEHHS MOMEHTY Ha BaJly JBUTYHA). MOXKIUBICTh
MIJKJIIOYEHHS. O BUXO/IIB SIK BOJBTMETPIB, TaK 1 aMIEPMETPIB JIOCATAETHCS 3a
pPaxyHOK HAasBHOCTI BHMXOJY HAampyrd 1 BHXOAY CTpyMy. BuximHi aHajgorosi
curHaiu ¢opmyroThest 3 gonomororo [AIT (sik mpaBuino, 10-61ToBUX); B OKpeMUX
BUIAJIKAX BHUXiMHA Hampyra (GOPMYETBCS METOJOM  MIMPOTHO-IMITYJIBCHOT
Momynsamii.  JluckpeTHi  BXOAM 1 BUXOAM HA  IUIaTHI  PO3IIUPEHHS
BUKOPUCTOBYIOTHCS ISl TIJKJIFOYEHHSI 30BHIINIHIX CUTHAIIB, IO YNPAaBJSIIOTh, 1110
MOCTYIAIOTh 3 EJICKTPOMATHITHUX pelie, a TakoX ms (OpMyBaHHS CUTHAIIIB
YIPABJIIHHSI TAKUMH PEJIe.

3BuyHo B IIY € Big 4YOTUPHOX 1O BOCHBMH JAUCKPETHUX BXOJIB THITY
«BIAKPUTHI KOJEKTOP», 110 BUKOHYIOTh HACTYIHI (YHKIIIi: BUOIp OJHIET 3 TPHOX
BUXITHUX yacToT (ab0 MIBUAKOCTEH OOEpTaHHS poTOpa), YIPABIIHHS
BIJIKITFOUCHHSIM 1 peBepcoM, aBapiitHe BimkmrodeHHs [1Y. Bcei guckperHi BXxomu
BUKOHYIOThCSI TaJIbBAaHIUHO PO3B'SI3aHUMH BiJ] CHCTEMH KEpPYBaHHSI.

JIucKpeTH1 BUXOJM MOKHA PO3IJIUTH Ha JIB1 KaTEropii: CHUJIOBI («peseitH1»)
BUXOJM JJIsl YIPaBJIIHHS 30BHIIIHIMU €JIEKTPOMArHITHUMH pPeJie 1 BUXOJIU THILY
«BIIKPUTHA KOJICKTOP» Il POOOTH 13 30BHINIHIMH JIOTIYHUMH cxemamu. [lnarta

PO3LIMPEHHS] 3BUYHO MICTUTh JIBa PEJICHHI BUXO/HM, 110 MAalOTh Mapy HOPMaJbHO
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3aMKHYTHX 1 Iapy HOPMaJIbHO PO3IMKHEHUX KOHTAKTiB, & TAKOXK YOTHPU BUXOIU
TUITY «BIIKpUTUNA KOJeKTOp». DyHKIIIT BUXOIB MOKHA 3alporpaMyBaTH 3 MyJbTa
YIOPABIIHHS; 3BUYHO 1I€: TOTOBHICTh, MEPEBAHTAXKEHHS, aBapis, BUXIJ HA 3a/JaHy
4acToTy. Bel UCKpETHI BUXOIM TabBAaHIYHO PO3B'sI3aHI BiJl CUCTEMHU KEpyBaHHS,
IIpU [IbOMY peJIeiHI BUXOAM PO3B's3aHl MK CO00I0, a BUXOJU TUIY «BIAKPUTHI
KOJICKTOP» MArOTh 3arajlbHUI HyJIbOBHUI CUTHAIL.

ITepeTrBoproBay MoOke BOYJIOBYBAaTHCS B CyYacHI CHCTEMH aBTOMAaTH3aIlii.
[IIupoko BHUKOPUCTOBYETHCS KEPYBaHHA Yy peaJbHOMY dYaci JeKiIbKoMa
NEepPETBOPIOBAYaMHM, JUIsl YOTO MPOMOHYIOTHCS PILIEHHS 3 PI3HUMU 1HTepdeiicamu
3B'3Ky 1 TONOJIOTISIMM  MEpeXi. bBImblIicTh TepeTBOPIOBAYIB  YaCcTOTH
KOMIUIEKTYIOTbCSI CTaHAapTHUM 1HTepdericom RS-422 ab6o RS-485. Ilpu upomy
B3a€EMO/IIS 31HCHIOETHCA 3 BUKOpUCTaHHAM MpoTokoiiiB Modbus abo Profibus, abo
ix crpomeHux moaudikaiii. [Ipu BUKOpUCTaHHI MOJYJIIB PO3IIUPEHHS JTOCTYIIHI
noaatkoBi iHTepdeiicu (nanpukinaa, CAN) 1 mporokonu (Interbus, CANOpen,
DeviceNet).

Ax npaBuno, IIY B cBoemy ckiail Mae NyJIbT KEpyBaHHA, SKHUU
PO3TAIIOBYETHCS HA JIMIbOBIM MaHENl KOPIyCy meperBopioBada. [lynbT MicTUTH
JIEKUJIbKA CIeIlaTi30BaHUX KHOIOK, B OKPEMUX BHUIAJKAX MOXKE OYTU MPUCYTHHOIO
uu(ppoBa Kiapiarypa. BucHOBOK iH(popMallii 3IHCHIOETHCS 32 IOMOMOTOK OJHO-
a00 nBopsakoBoro cneriangizopanoro KK abo IeKiIbKOX CEMHCEIrMEHTHHX
1HIUKATOPIB, @ TAKOX CBITJIOJIOIIB, 1110 BIIOOpakarOTh pexkuMmu podotu. Ha erami
BBeAeHHs [IY B ekcruTyaTallito myibT CIYXKUTh JiJisi KOH(Irypailii nepeTBoproBaya 1
HACTPOMKH BIJIMOBITHUX TapameTpiB; MiJl yac poOOTH - ISl CIIOCTEPEKEHHS 3a
napaMeTpaMu poOOUOTO PEeKUMY.

B mporieci o6¢cimyroByBaHHS Ha 1HAUKATOPI BioOpaxaeThes iHGOpMAaIIis Ipo
BUHUKJII HECIIPABHOCTI, 110 3a0€3Meuy€e MOKIIMBICTh MOCTIHHOTO KOHTPOIIIO CTaHy
MIPUBOTY.

[IynbT KepyBaHHS, SK TPABUIO, BHUKOHYETHCS 3HIMHUM, IO JTO3BOJISE
nigkiarodaTu Woro MY Tinbku mpu HEOOX1AHOCTI 1 BUKOPHUCTOBYBATH OAWH IYJIbT

JUIsL  JEKUIbKOX IepeTBoproBayiB. Jlns 30epiraHHs HACTPOMOK  CHUCTEMH,
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KaJIIOpyBaJIbBHUX ~ MapaMeTpiB, JKypHaly aBapiii 1 1HIIOI  1Hpopmarii
BUKOPHUCTOBYEThCS JI0JIATKOBA He3ajlekHa Ham'sitb. YacTo BOHA BUKOHYETbCS Ha
ocHOB1 MikpocxeMm Flash-mam'sti (sik mpasuiio, 3 nociiioBHUM iHTEpdeiicom [2C
abo SPI). Kpim Toro, Garato mikpokoHTpojepiB i DSP MawTh MOXIUBICTH

30€pe)KCHHS JaHUX Y BHYTPIIIHIN HE3aJeKHIN mam'saTi.

2.1.4. OcHosni 3a60anus, npoecpamoco 3abesneuenns [14

1. Peanmizaimisi pi3HUX METONIB KepyBaHS JBUTYHOM 1 METOAIB (OpMyBaHHS
BUXIJIHOI HAMPYTH.

2. KepyBanHsi BXiTHUM BUOpsMisiueM (y pa3i BUKOPUCTaHHS KEpOBaHOTO abo
HaIBKEPOBAHOIO0 BUMPSMIIAYA) - BUAAa4a IMITYJIbCIB YNPABIIHHS HAa CUJIOBI KJIHOY1
BIIMOBIAHO 7O 3aJaHOTO KyTa BIOKPHUTTS TUpucTOpiB. Ilpm mpomy HeoOXximHa
CUHXPOHI3allisl 3 )KUBIISTYOI0 MEPEXKEr0, TOOTO BU3SHAUYCHHSI MOMEHTY MPOXOKEHHS
(a3 BXiJHOI Halpyru 4yepe3 HyJb 1 KOPEKTYBaHHS MOMEHTIB BIJKPUTTS KIIIOUIB
BUTIPSIMIISYA.

3. Ilpumitom 1 o00poOka iudopmamii 3 gatuyukiB. Jlana iHdOpMalis
BUKOPUCTOBYETHCS [IJI1 BU3HAYEHHS TMOTOYHOTO ctany I[IY 1 paBuryHa, 1o
HEoOX1qHe JJig peaiizaiii HEoOXIJHMX 3aKOHIB KEpyBaHHS, BiJICTEXKYBaHHS
aBapliiHUX CUTyalld 1 T.J.

4. Bzaemomis 3 mnepudepiiHuMu MOIylIsMH KoHTposuiepa (pobora 3 Flash-
nam'siTTI0, TOJWHHUKOM pPEaJbHOTO0 4Yacy 1 IHIIMMH TNPUCTPOSIMHU, IO
3a0€e3MeuytoTh JI0JaTKOB1 CEPBICHI (PYHKIIIT).

5. Bzaemonis 3 cHCTeMOIO aBTOMAaTH3allli BEPXHBOTO PIBHA. 3IIWCHIOETHCS 3a
MPUHIIUIIOM «BeAy4Yui - Bimomui» (Master - Slave), npuaomy [TY Buctymae B poJi
BiloMoro mpuctporo. [Iporpamue 3abe3mnedeHHs peanizye HEOOXITHUM MPOTOKOI
oOMiHy, 3a0e3neuye MpUiioM 1 BUKOHAHHS KOMaH]| KepyBaHHS, a TaKOX BUAAUY
HeoOX11HO1 1H(pOpMALlil PO NOTOYHUI peKUM POOOTH, CTaH JATYHUKIB 1 MApaMeTpu
[TY. V pa3i ABONPOLIECOPHOI CHUCTEMHU 3a0€3MEUy€ETHCS MOMIIMBICTH CHIIBHOT

poOOTH OCHOBHOT'O KOHTPOJIJIEPA 1 KOHTPOJIJIEPA MyJIbTa KEPYBaHHS.
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6. O6pobOka 30BHINIHIX CUTHAIIB 1 BUAauya Iii, 110 YNPaBISAIOTh, HA 30BHIIIHIO
anaparypy y pasi KepyBaHHS MEpEeTBOPIOBAYEM YaCTOTH Yepe3 JUCKPETHI abo
aHaJIOrOB1 BXO/IH.

7. 3abe3neueHHs iHTepdeiicy 3 xopuctyBadeM. Ciiji 3a3HAYMTH, IO CKIATHICTH
peamizaiii 3py4Horo iHtepdeicy BHU3HAYa€ThCSI HAOOPOM 3ac0o0iB KepyBaHHS 1
1HAMKAaLli, epea0adyeHoro Ha myJIbTI.

8. JliarHocTmka amaparypu 1 caMmojiarHocTuka. JliarHOCTMKa Tmojsrae y
BU3HAYEHHI TMpale3JaTHOCTI PI3HUX MOJIYJIB, MO BXOJATh B ckian [IY (sk
CWJIOBHX, TaK 1 KEpyBaHH:) 1 MIJKIIOYEHOro ABUryHa. Kpim TOro, mpoBOAMUTHCS
KOHTPOJIb IIIJIOCHOCTI MPOrpamMu 1 JaHUX, 1110 30€piratoThCs B HE3AJICKHIN mam'sTi.
9. Peamizamis 3axucHux QyHkuid. CydacHi [1Y peanizyroTh MakCHUMalbHO-
CTPYMOBHUH 3aXHCT, 3aXHCT BIJ TMEpEerpiBy JBUTYHAa 1 TEpPETBOPIOBAaY, BiJ
NepeBaHTAKEHHS, HAIMIPDHUX BIIXWICHb HANpPyrd >KUBJICHHS, OOpuBY (aswu,
MDK(}a3HOr0O KOPOTKOTO 3aMHUKaHHs, 3aMHUKaHHSA (a3u Ha 3eMIII0 1 IOMHUJIOK
3B's13Ky. KopekTHHII BuXij 13 cTaHy aBapil MOXKJIMBHH, TUIBKH SIKIIO JIIKB1AOBaHI
OpUYMHM 11 BUHUKHEHHS. J[J11 OKpeMux BHU[IB aBapiil (HampuKIa[, Mporaxa
HANIPYTH B MEpEXi, aBapis 3B'A3Ky) CHCTEMa B CTaHI CaMOCTIHHOTO BiJICTEKUTH
MO>KJIUBICTh TPOJIOBXKEHHSI poOOTH. BimHOBIEHHS micis 1HIIMX aBapiii BUMarae
BTPYYaHHs 00CITyrOBYIOYOT0 IEPCOHAITY.

10. 36epexxenns iHGoOpMaIi PO PEKUMH, TPUBATIICTH POOOTH, MEPIOTUYHOCTI
BiimoueHHs: [1Y; migpaxyHOK TNOKa3HHMKIB €(QEKTUBHOCTI 3a MEBHUM Mepioj;
BEJICHHS KypHally 300iB, 110 BiaOynucs 1 aBapiid. Lle mo3Bosisie mpoaHanizyBaTu
e(eKTUBHICT, BUKOPUCTAHHS TMEPETBOPIOBAYA 1 MOJETIIY€E MONTYK MPUYUH 3001B B
po0OTI ycTaTKyBaHHS.

11. Peanizamis nmomatkoBux ¢yHKIIA. PisHi mommdikamii mepeTBoproBadiB
BOJIOJIIIOTh HA0OpPOM TaKMX MOXJIMBOCTEHW, $K 3aBJaHHS TMPOTPAMOBAHUX
(hb1KCOBaHMX YCTAaHOBOK LIBUJKOCTI; YIIPaBIIHHS PEKMMOM rajJbMyBaHHS PUBOJY;
YIOPABIIHHS JI€KUIbKOMA JBUT'yYHaMu; 311icHeHHs poootu ITY 3a poskmagom. o

nporpamMoBaHuX (QYHKIIH, M0 YNPaBIsAlOTh, MO0 3a0€3MeUyl0Th MOXKIIUBICTh
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ajanTtamii CTaTMYHHUX 1 JAUHAMIYHMX XapaKTEPUCTHUK MPUBOAY I YMOBH
HABAaHTAYKEHHS, BIIHOCSTH:

— TUTABHUM IyCK 1 3yNHUHKAa JBHUTyHa 3 BHOOpOM (opMH KpUBOi 3MiHU
IMIBUJIKOCTI  (3BUYHO BUKOPUCTOBYIOTH JHIMHY, S- 1 U-00pa3ny
XapaKTEPUCTUKU 3MIHU IIBUAKOCTI) 1 PO3AUILHOI0 HACTPOWKOIO dacy
pPO3rOHY 1 TrajbMyBaHHS 3 ABTOMATHYHOIO KOPEKLIE€0 MPUCKOPEHHS 1
YHOBUTHHEHHS Y pa3i MePEeBUIIECHHS JOITYCTUMOTO MOMEHTY;

— PpEeXUM «IiAXOIUJICHHS» JBUTYHA, BUKOPUCTOBYBaHUU mpu BKirodeHH [TY
Ha JIBUTYH, IO O0epTaeThcs (HAMPHUKIIAM, MICIAsS KOPOTKOYACHOI MpOIaxi
HaIpyTu MEPEK1);

— TMPOMYCK YacTOT, MPHU AKX poOOTa MpUBOTy HEOAKaHa;

— KOMIICHCAIlII0 TaJiHHSA Hampyrd Ha akTuBHOMY omopi cratopa (IR-
KOMIICHCAIlisl), sIka Moke OyTH 3aMiHEHa HACTPOMKOW HEOOX1IHOTro
npoiIr0  KpUBOI «HAmpyra - 4YacToTa» s 3a0e3nedeHHsT poOoTH 3
MIHIMAQJIbHUM CTPYMOM CITOKMBAHHS;

— MATPUMKY BHCOKOTO ITYCKOBOTO MOMEHTY Ha HM3bKHX YaCTOTaX 3a PaxXyHOK
JI0JIATKOBOTO 301JIbIIIEHHS HATIPYTH;

— cTalimi3amiio MIBUIKOCTI OOEpTaHHS NUIAXOM il HAa 9acToTy y (yHKIIii
HaBaHTaXEHHS (KOMIIEHCAIlisl KOB3aHHs);

— HACTPOMKY peakilii Ha CTPUOOK MIBUAKOCTI a00 MOMEHTY HaBaHTa)XEHHS 3
ypaxyBaHHSM IHEPIIMHUX BJIACTUBOCTEH MEXaHI3MY;

— aBTOMATHYHE BU3HAYCHHS MapaMeTpiB MiAKIIOYEHOr0 IBUTYHA (a1arTartis).

2.2. Bubip cucmemu enekmponpueooie eepcmama
[IpomMucnoBIiCTIO KpaiH MOCT-PaJIHCHKOTO TMPOCTOPY B OCTaHHIM 4Yac
BUITYCKAETHCSI JIOCTATHHO BEJIWKA KUIBKICTh PI3HOBHJIB CHUCTEM YacCTOTHO-
pErymoeMoro npuBoja. B naniit AumiomMHiA pobOTI MU 3yUHSAEMOCS HA PO3po0IIi
HJJT ,,Bektop” IBaHIBCHKOrO JEPKaBHOTO CHEPreTHYHOTO YHIBEPCUTETY —

KOMIUIEKTHOMY eniekTpornpuBoai EIIB.
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[IpuBoan cepii EIIB ABJISIIOTD co0oro HOBE MTOKOJIIHHS
0araro(pyHKIIIOHAJIbHUX ,»IHTEJICKTy JIbHUX MPUCTPOIB” KepyBaHHS
ACHHXPOHHUMH €JIEKTPOJBUTYHAMHU 3MIHHOTO CTPYMY, IO MPHU3HAYAIOTHCS IS
pPEryIh0BAaHOTO TMPHUBOAA MEXaHI3MIB Ta TEXHOJOTIYHUX TMPOIIECIB 13 CaMUMU
PI3HOMAaHITHUMHM BUMOTaMHM [0 [apaMeTpiB PEryJIlOBaHHS Ta YyMOBaB
BUKOPHUCTaHHS [6].

JUis eNeKTpOonpUBOa MPUBOIA CTPIUKOBOT MIJIKK BUOUPAEMO EJIEKTPOIPUBO
cepii EIIB Ha 0a3i nepeTBoproBaya 4acTOTH 3 aJalTUBHO-BEKTOPHUM KEPYBAHHIM
JUTS BUCOKOE(EKTUBHUX MIMPOKOIaNa30HHUX aCHHXPOHHUX €IEKTPOIPUBO/IIB, IO
NpPU3HAYCHUN MJI1 MEXaHI3MIB 3 MiJABUIICHHUMH BUMOTaMH 1O CTaTUYHUX Ta
JTUHAMIYHUX XapaKTePUCTHUK.

OCHOBHI XapaKTepUCTUKH TIEPETBOPIOBaYA

EIIB TTIIT-10-380-2AI1380-YXJI4.

Tabmuusg 2.2

HaitmenyBaHHs napameTpa 3HavyeHHs
HowminanpHa BuXiHa NOTYXHICTh, KBA 6,5
TunoBa NOTYXHICTh ABUT'YHA, KBT 3
Hamnpyra xuBnenns, B 380 +10/-15%
YacToTa Hanpyru )KUBJIEHHS, 111 48...63
Buxinna nanpyra, B 0...380
Buxigna gacrorta, 'l 0-400
YacroTta Mmomysii, 'y 2500-16000
HowminansHuil BUXigHuii ctpym, A 10
MakcuMalbHUI BUXITHUMA CTPyM, A 13
CrpyM cripallfoBaHHs 3aXUCTy, A 21
MaxkcumanbHu CTpyM rajJbMyBaHHS, A 15
MiHnimManbHuiA omip 6amacTHOTO pe3uctopa, Om 43
[ToTyxHICTh BTpaT B HOMIHAJIbHOMY pexumi, BT 100
MakcuMmainbHa Temnepartypa pajuiaropa, °C 85

EnenextponpuBoj sBiIs€ COOOI0 €IEKTPOMEXAaHIYHY CUCTEMY, 10 BKJIIOUAE B
ceOe aCHHXPOHHMI JIBUTYH 13 JATYUKOC IIBHIKOCTI 1 MEPETBOPIOBAY YACTOTH THILY
«HEKEpYEMUH BUIIPSMIISIY — IHBEPTOP HANPYIW» 3 MIKPONPOLIECOPHOIO CUCTEMOIO
KepyBaHHs. EAeKTponpuBoj mNpuU3HAYEHHH [UJII BUCOKOSKICHOTO KEpyBaHHS

00’€KTOM, III0 BUMArae IiJBHUIICHI BUMOTH JI0 AUHAMIYHUX SKOCTEH Ta Jiarma3oHy
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pEryIIOBaHHS IIBUIKOCTI (MOJ0CA MPOIYCKaHHS KOHTYPY IIBUIKOCTI — HE MEHILE
20 T'm). IleperBoproBad KOHCTPYKTUBHO BMKOHAHUN y BUTJISI HaBICHOTO OJIOKY
OJIHOCTOPOHHBOTO  00ciyroByBaHHs. (OCHOBHE BUKOHaHHS MEpPETBOpPIOBaYa
YacTOTH 3a KJIIMaTUYHUMH BuMoramu — Y XJI, mo kaTteropii po3mimieHHs — 4, 10
crenento 3axucty [P0O0 3rimno no 'OCT 15150-69, TOCT 14254-80, nipu 1iboMy
TeMIiepaTypa BO31yXa

KOMIIJIKTHOI'O IIOBHMHHA

y madi IIPUCTPOK0  HE
nepesuiyBatu 40°C.

EnexTpornpuBoa B pekuMi pEryJOBaHHS HIBUAKOCTI 3a0e3reuye HaCTyIHI
XapaKTePUCTUKU:

—  MoJoca NpoIycKaHHA 4acToT — He meHie 20 kI';

—  TIOBHMH Jiana3oH peryJIroBaHHS MBUAKOCTI — He MeHIe 1000;

—  MiAJiana3oH PeryJroBaHs MBHIKOCTI BUIIE HOMIHAIBHOI — HE MEHIIIE 3;

—  TOYHICTb MIATPUMAHHS IIBUJIKOCTI1 HaBeJIeHa B Tabyumili 3.2;

—  3MiHA MBUAKOCTI OOEpTaHHS NPUHAKWJAHHI YU CKHJIaHHI HABAaHTAKEHHS

0,4 Muow mpu 0,1 Nuax He moBUHHO TepeBmimyBaTH 10%, a dac

B1IHOBJICHHSI IIIBUJIKOCTI IO CTaTUYHOTO Jonycky 2% He Ounbie 0,15c¢.

Taomurs 2.3

[IBuakicTh IToxuOka mBuaKOCTI, % HE OLIbIIIE KoedirieHnT

JIBUTYHA pu 3MiH1 | IipA 3MiHI | CyMapHa HEPIBHOMIPHOCTI
HABAaHTAXCHS | HAIIPAMY As obepranns, Ky,
Ay obepTaHHs Aos He OibIre

Nuax 0,5 1 2 0,1

0,1Nyax 2 2 10 0,1

0,01Nyax S 5 15 0,2

0,001 Nnyax 10 10 25 0,25

[lepeTBOproBay  yacToTH  3a0e3neyye  3aXUCT  ENEKTPONpHUBOJA Y

BianosigHocTi 7o 'OCT24607-88:

— MAaKCHMaJIbHO-CTPYMOBHUM 3aXUCT NEPETBOPIOBAYA;

3aXHUCT BiI[ nponaganHAa ) KUBJICHHSA J'IaHI_[IOFiB KCPYyBaHHA;

3aXHUCT BiJl 3001B TPOTrpamMHOTO 3a0€3MECUEHHS;

— 3aXHCT BiJ HEIOMYCTUMHX BIIXUJICHB KUBJISTYOI HAMIPYTH;
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3aXMCT BIJl HEBIANOBIJHOCTI IIBUAKOCTI 3aJaHid, Yy TOMY YHCIl BIJ

HGCHpaBHOCTi B JIAaHIIIOrax 06CpHCHOI‘O 3B’513Ky I10 H_IBI/II[KOCTi;

3aXHUCT BiJl IEPETPIBY CHIIOBOTO OJIOKY MEPTBOPIOBAYA;

4aco-CTPYMOBUH 3aXUCT.

[Toxa3HUKH HATIHHOCTI €IEKTPONPUBO/IA:

CepeHE HampaloBaHHs Ha BiqgMoBY — He meHIe 8000 T;

CepelHil 4Yac BIIHOBJIICHHS — HE OUIbINe 8 roj, NMpu BUKOPHUCTaHHII

pesepBHuX miat — 0,5 rox.

CepelHii CTPOK CIyk0u — He MeHIie 12 pokiB,

rapaHTOBAaHUN CTPOK CIIYKOH — 2 POKH.

W

co@a
VAN =
A

MW

[~

Pucynox 2.3. 'abaputHO-TIi1’ € THYBaIbHI PO3MIPH €IEKTPOIIPUBOIA.

Taomung 2.4
W H D MW MH R1 R2
EIIB-10 195 278 180 120 265 3 6
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EnextpormpuBong  BukOHaHW Ha  0a3i  TpudazHOTO  ACHHXPOOHOTO
CJIEKTPOJBUTYHA 3 KOPOKTO3aMKHEHMM POTOPOM 3 JIaTYUKOM IIBUAKOCTI,
BCTAHOBJICHUM Ha BaJly, 1 TIEPETBOPIOBAYA YaCTOTH 3 HEKEPYEMHUM BHIIPSMIITYEM 1
iHBepTOpOoM Hampyru. Ha Buxomal mneperBoproBadya (OpPMYEThCS Hampyra
PEryIroeMOil aMIUTITYIM 1 4acOTH, 110 MOJAEThCS HA OOMOTKM CTaTopa JABUTYHA.
BHUKOpHUCTOBYIOUH CUTHAJIA 3BOPOTHHOTO 3B’S3KYy CHUCTEMa KEpPyBaHHS PETYIIOE
MOMEHT 1 IBUKICTH ABUTYHA Y BIJMOBITHOCTI 3 OTPUMAHUM 3aBJIaHHSIM.

brok mepeTBoproBada 4acTOTH MOHTYETHCS Y BEPTUKAJIBLHOMY ITOJIOKCHHI 13
3a0€3MeUeHHsIM CBOOOJIHOTO MPOCTOPY MIXK CYCIIHIMU OJIOKaMH Ta 1O CTIHHOK
madu, HEOOXITHOTO I BIAKPUTTA KPHUIIOK, a TaKoX JJIsi 3a0e3neucHHs
HEO0OX1THOT BEHTHUJIAIIII.

MoHTakHa TJIONMIMHA MMOBUHHA OyTH BHKOHAHA 13 HETOPIOYOTO MaTepiaiy i
MaTH JOCTAaTHIO MEXaHIYHYy NpPOYHICTh, MO0 BUTPUMATH Bary IMepeTBOPIOBaYa.
HampsiM OCHOBHOTO MOTOKY OXOJIOKYIOUOTO TOBITPS NMOBHHHO MATH HAMPSM —
3HM3y JOTOpH uepe3 pamiatop Omoky. [lpum MonTaxy y madi mnepeTBoproBay
MOBUHEH OYTH BCTAHOBJICHUN Tak, 100 HE TMOMagaTh Yy MOTOK TOBITPS BiJ
TETJIOBUIUIAIOYMX E€JIEMEHTIB BHIIOTO OOJagHAHHS, B TOMY YHCII OamacTHHX
PE3UCTOPIB By3Jia CKUJIAHHS €HEPTii ralbMyBaHHS.

Temneparypa moBiTpst Ha BXO1 TIEPETBOPIOBaYa HE MOBUHHA MEPEBUIIYBATH
40°C. BeHTWaATOp NPHUMYCOBOTO OXOJOKEHHS IIau TMOBUHEH OyTH
BCTAHOBJICHUH TakK, 00 OTPUMATH MaKCUMaJIbHUK 00yB IepEeTBOPIOBaYa.

Po3spaxyemMo HeoOXimHI po3Mipyd TEIUIONPOBIMHOI mMOBEepxHI madu 3a
dbopmyoro:

A, =t (2.1)
AT - K,
ne, P, —cymapHa NOTYy>KHICTb BTpaT, JUIsl 0OOpaHOTO €JIEKTPONPUBOJA CTAHOBUTH
npu yactoti Mmoxyssanii 10xI'y P, =142 Br;

K, — Kok@iuieHT Teruionepenadi, A OKpALIEHOI CTalbHOI Iadu

npuiimaemo, K, =55 Br/m?K;
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AT — pi3HMIS MDK MakCHMaJbHOK TEMIIEpaTypor 30BHI Mmadpu Ta
MaKCUMaJbHO JONMYCTHMMOK TEMIEPATypOl0 Yy BHYTPILIHBOMY IPOCTOPI,
npuitmaemo AT =20 K;

142

A, =——° -129 M2
" 90.55

MiHiMaabHUM 00’€M TMOBITPS, IO BEHTHIIOETHCS, BH3HAYAETHCS 3a

HACTYITHOIO (POPMYJIOIO:

V=2 P (2.2)
AT
V., = 31142 _ 22,01 m*/rogn.

OpneprkaHi 3HAYEHHS BPaXOBYEMO TIPH BUOOPI 1adu Ta BEHTUIISITOPIB.

2.3. Onuc ¢pynkyionanvHoi cxemu e1eKmponpueooa
CunoBuii MOAYyJh TPHU3HAYEHUW JUIsI TIEPETBOPEHHS HAMPYTd MeEpexki
MOCTIHOI YacTOTH B HANPYTy 3MIHHOI aMIUNTYId Ta YacTOTH IS YKUBJICHHS
BUKOHYIOUOTO JBUTYHA.
CunoBuit MOYJIb CKJIQA€ThCS 3 HACTYITHUX OCHOBHUX €JIEMEHTIB:
—  TpudaszHUl MOCTOBUN BUIPSAMISY 3 BapUCTOP HUM OOMEKyBadeMm
nepeHanpyru Ta QuIbTpoM Ha BXO/II;
—  €MHICHUH (QUIBTp JIAHKU TIOCTIMHOI HATIPYTH;
—  tpudazuuii MmoctoBuit IGBT — iaBepTOp;
—  BY30JI CKHJIaHHS €Heprii rajibMyBaHHs, 10 ckiamaerbess 3 |GBT-
qormnrepa Ta 30BHIINIHHOTO 0AIACTHOTO PE3UCTOPA;
—  JpaiiBep CHWJIOBHX KIIIOUiB, SKHH 3a0e3medye KepyBaHHS 3aTBOpaMU
IGBT, dopmyBanHs cuUTHANIB 3aXHUCTIB Ta TajbBaHIYHE PO3B’S3aHHS
CHJIOBHX Ta KEPYIOUHX JIAHITIOTIB;
—  BEHTWJIATOP, IO KEPYEThCA B QYHKIIII CHTHATY TEMIIEpaTypH CHIIOBOTO

MOTYJIS;
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—  BY30JI mepe3apsiKaHHsS €MHOCTI (iabTpa, 10 3a0e3neyye OOMEKEeHHS
CTpyMYy 3apsiy Ta IUIaBHE HAPOCTAHHS HAINIPYTH HA KOHACHCATOpax.
JlaTumkoBi cucteMa (GopMye HOPMOBaHI CHUTHAJIM 3BOPOTHIX 3B’SI3KIB 3

TaJIbBaHIYHUM PO3B’SI3aHHSIM CHJIOBUX Ta KEPYIOUHX JIAHIIOT1B. BoHa BKITIOUAE:

— gatuuk ctpymy JC1, JC2, mo BCTaHOBIEHI B JIBOX BUXIAHUX (azax
1HBEpTOpA;

—  JIaTYUK TEMIIEpaTypu CHJIOBOTO OJIOKY, IO CKJIAJAEThCS 3 PE3UCTOPA,
BCTAHOBJICHOTO B CUJIOBOMY MOJIYJI1, Ta 130JIFOIOUOTO IMiICHIIIOBAYA;

— tepMopesuctop 3axucty aBuryHa (PTC-pesuctop) 361 cxemoro
KOMITapaTopa Ta ONTPOH HUM PO3B’sI3aHHSM;

—  IHKpEMEHTHHH JaTYMK KYyTOBUX IEpEMIillleHb, BCTAHOBJICHUN Ha Bay

BUKOHYIOYOTO JIBUT'YHA.
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bnox KUBIEHHS NAHIIOTIB KEPYBaHHS MEPETBOPIOE BUMPSAMIICHY HAIMpPYTy
Mepexi B cTabuni30BaHy Harpyry +5B it quBiieHHs UGPOBOT YACTUHU CUCTEMU
KepyBaHHs, +/-5B 1715 )KUBJIEHHSI aHAJIOTOBOT YaCTUHU CUCTEMH KepyBaHHs, +12B
JUISL dKUBJICHHSI BEHTUJISITOPA, 130JIbOBAHE JKEPEJIO I AKUBJICHHS JpaiiBepiB.

Cucrema  KepyBaHHS  CKJIAQa€ThCad 13 MIKPOMNPOIECOPHOTO  si/ipa,
1HTEPPENCHOr0 MOIYJISl Ta MyJIbTa PyYHOI'O KEPYBaHHS.

[IpotiecopHe sapo yTBOpeHE ABOMA 16-pO3pSAHUMHU MIKPO KOHTPOJIEPAMHU.
CayxooBuii koHtposep (Host controller FUJITSU MB90F598) Bukonye
3aBaHTA@XEHHS TMporpaM, OOCIYrOBYBaHHS IyChTa pYy4YHOTO KEpyBaHHS,
KOMYHIKaIlIfHUX MMOPTIB, BXIIHUX Ta BUXITHUX CUTHATIB iHTepdeica, B3aEMOJIIE 3
KOHTPOJUIEPM KEepyBaHHS JIBUTYHOM, peani3ye ,,I0BUIbHI 3axucTth. KoHTpoisep
kepyBanHs asuryHom (Motor controller ADMCA401), Bukonanuii Ha 6a3i DPS,
0o0po0JIsie CUTHANM JATYUKKOBOI CHUCTEMHU, BUKOHYE AalTOPUTMU PO3PAXYHKIB
PEryJaTopiB, KEPYE CUIIOBUM MOJYJIEM Ta OOCIYTOBYE ,,IIIBUIKI” 3aXUCTH.

[aTepdeiicanit Momynp BKIIIOYae HAOOp 3axOJiB B3a€EMOJIl 13 30BHINIHIMU
KepylOUuMHU TpUCTposiMU. BiH ckiagaerbcss 13 aHajIoroBoro iHrtepdeiica,
mudpoBoro iHTep(deiica, TaliMepa peanpbHOro dYacy Ta iHTep(deiica maTdmka
MIBUIKOCTI.

[TynsT pyuHOro KepyBaHHs JO3BOJISIE BUKOHYBATH MPOLEAYPH MPOCMOTPY,
penaryBaHHsS IapaMeTpiB €JIEKTPOIPHUBO/IA, 3aIMyCKy Ta KOHTPOJIS PEKUMIB HOro
pobotr. KOHCTPpYKTHBHO BHKOHYETHCSI BCTAHOBJICHMM Ha JIUIEBIN TMaHeNi OJIOKy
nepeTBoproBaya 4acToTH. Mae CBId  KOHTpoJep Juisi  OOCIyroBYBaHHS
PIIKOKPUCTAIIYHOTO MOHITOpa 1 KiaBiatypu. OOMiH iH(pOpPMAIII€O 13 CIyKO00BUM

KOHTPOJIEPOM BUKOHY€ThCS 10 1muHi [2C.
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2.4. Po3paxyHoK MexXaHiYHUX XapaKmepucmukK eJ1eKmponpugooa

Po3paxyemo MexaHIUHI XapaKTEpUCTHKU OOpaHOro €JIEKTPOIpHUBOJA IS
BUIAJIKYy PO3IMHEHOI CHUCTEMH KEpyBaHHS MPHU 3aKOHI YaCTOTHOTO KEpyBaHHS
E, /@, =const a TakoX 3aJeKXHOCTi MOTOKO3YCIUICHHS CTAaTOpa i poTopa Bif
HaBAaHTA)XCHHS y BCTAHOBJICHOMY PEXKHMI.

BuOpanuit Hamu enexktpoasuryn 4A80B2Y3 mae HacTynmHi mapameTpu, IO

3BelIeH]l B Ta0uIo 2.5.

Tabmuus 2.5
KinbkicTh mosociB 2
AxTuBHUI omip ¢a3u cratopa, R/ 0,076
AxTtuBHUii omtip ¢asu poropa, R 0,049
[HyKTUBHUI omlip po3cifoBaHHSA cTraropa, X, 0,050
[HyKTUBHUI omtip po3citoBaHHS poTopa, X, 0,087
[HIyKTUBHHMN OmIp B3a€EMOIHAYKIIL, X 2,7

Jlnis po3paxyHKy MOMEHTa JBUTYHA Ta MOOYI0BH MEXaHIYHUX XapaKTEPUCTUK
posrasiHemMo [-moxiOHy cxeMy 3aMilleHHs 3 BHHECEHHMM MAarHITHUM KOHTYPOM

[23]. Bona HaBoIuThCS Ha puc. 2.2.

Ry Jogx\, J®gXp,
YN\ Y'Y

o e PR

. ; o : - R, R

0, Ill JOg X I "’0'_—2=—~S—2-
©p

o—

Pucynok 2.5. I'-nmoi6Ha cxeMa 3aMileHHsI €JIEKTPOIBUTYHA
Takuil BUIISIA CXeMH J03BOJISIE OTPUMATH OUIBII MPOCTI Ta HAOYHI BUpaA3U
JUIS BU3HAYEHHS MOMEHTY Ta IIBHUAKOCTI B XapaKTePHUX TOYKAX MEXaHIYHO1
XapaKTePUCTUKH.
Jliis mepexomy 10 aOCONFOTHUX OJUHUIG 111 3HAYCHHS HEOOX1THO TTOMHOXHUTHU

Ha 6a3oBwuii omip Z:
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Z,=—" (2.3)

1n

2. =22 _ 4762 Om.
2

[HAYKTHBHI OMOPHU PO3PaXOBYIOTHCSA HAa HOMIHAIBHIN YaCTOTI 32 HACTYHUMU
dbopmynamu:
R =R -Z,, (2.4)
R,=R,-Z,, (2.5)
R, =0,076-47,62=3,62 Om;
R, =0,049-47,62=2,33 Owm.

X =x .7 (2.6)
m m [43]
Xio =% Ls5 (2.7)
=X, -Z.: .
XZO' 20 26 (2 8)

Xy, =2,7-47,62=128,62 Owm;
X, =0,05-47,62=2,381 Owm;
X,, =0,087-47,62=414 Owm;
X=X+ X, (2.9)
Xy =X+ Xy (2.10)
X, =128,62 + 2,381=131 Owm;
X, =128,62+4,14=132,71 Owm;
JIst 3HaxXOHKEHHS 1HIYKTUBHOCTI HEOOX1JHO 3HAUCHHS 1HIYKTUBHHUX OTIOPIB

TIO/IIJIATH HA 3HAYEHHS HOMIHAJILHOI KyTOBOI YaCTOTH Wy, .. -

X

N (2.11)
Oen.nom

L, :wxlo- ; (2.12)
Oen.nom

Ly =222 (2.13)

6()0 en.HOM



niamna3oHl

L, =12852 _0 4006 I,
314
L, =238 40076 Iu:
314
314
L=y + Ly
L, =L, +L,,;

L, =0,4096 +0,0076=0,4172 I'n;
L, =0,4096 + 0,013=0,4226 I's.

Buznaunmo 3HaueHHS KOS(IIIEHTY pO3CIIOBaHHS MAIIMHU:

o=1-k; -k,,

~ 0,4096
20,4226

0=1-0,982-0,969=0,048.

0,969;

% — PEryjarOBaHHAM HIBI/II[KOCTi CJIICKTPOIIPHUBOJAA

HaIlpyTH.
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(2.14)
(2.15)

(2.16)

(2.17)

(2.18)

3 ACHHXPOHHUM

JIBUTYHOM HA3WBA€THCS PETYINIOBAHHS, NMPU SKOMY 3MiHA IIBUAKOCTI JOCATAETHCS

HUIAXOM [1i Ha YacTOTy HANpyrW Ha CTAaTopi MpU OAHOYACHIA 3MIHI MOIYJS

baxxanum 3aKoHOM PETYIOBAHHS BBAXKACTHCA TaKHﬁ, npss KOMY Y BCbOMY

pEryJItOBaHHS IIBUJIKOCTI

NePEeBaHTAKYBAIBHOI 3IATHOCTI JBUTYHA:

M

max.o
2{ — on ,

M

HOM

HNIATPUMYETHCS

MMOCTINHICTH

(2.19)
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IS M — MaKCHUMaAJIbHO I[OHYCTI/IMI/Iﬁ MOMCHT 3 YMOBH pO6OTH JABUI'YHA,

max.oon

M, ,, — HOMIHaJIbHUI MOMEHT JIBUT'YHA.

I[JBI ACMHXPOHHOI'O JIBHUI'YHA 3 HOMIHAJIbHUM MOMEHTOM M o1 BHUMOT'a

HOM
3BOJIUTHCA /10 HEOOXITHOCTI MIATPUMAHHS MOCTIMHOCTI KPUTHYHOI'O MOMEHTY Yy
BChOMY Jl1aITa30H1 PETYJIIOBAHHS IBUIKOCTI 3MIHOKO YaCTOTH.

Bupa3s s MoMeHTy nBUryHa HaOyBa€e BUTIISIA:

2 R,/@ ?
Ma -3 pn kl 22/ p lil (220)
WOyenu R 2 2
2| 4 (O‘XZ)
@y
k=X L (2.21)

JlocnmiguBim 1€l BUpa3 Ha EKCTPEMyM, BHU3HAYAEMO KPUTHYHY POTOPHY
4acToTY:

_ R,

w =
D-Kp G'Xz

(2.22)

HiI[CTaBJIHIOqH oc¢ 3Ha4YCHA Yy BHUpA3 AJI MOMCHTY JBUI'YHA, OJACPKHUMO

bopMyiy ISl KpHTUYHOTO MOMEHTY:

2
_3pcki 1 (U (2.23)

M = | =
2 wy,,, X, \w,

Kp

i3 sixoi Gaunmo, mo npu U, /@, =CONSt KPUTHYHHII MOMEHT 3aIHIIAETHCS

IIOCTIAHUAM HE3aJIEKHO Bl YaCTOTH.
Tak sk mpu poO3TNIAIAaHHI [BOTO 3aKOHY pEryJIOBaHHS Tepen0adacThCs

HEXTYBaHHS aKTUBHUM ONOpPOM 0OMOTOK ctaropa R, =0, 11 BUKOpUCTaHHS
dopmy (2.20) HeoOXixHO B HUX 3aMiHHTH Hampyry Ha ctatopi U, Ha Hampyry 3a

aKTMBHHUM oropoM cratopa E,. Tozai onep:xuMo HaCTyIHI 3aJI€XKHOCTI:

k2 R,/ @, E, ?
L. - J=a . (2.24)

M, =3P
Doen.n R2 2

S+ (O'X2)2
@y
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2 2
v 3P,k 1 LEJ (2.25)

Kp =
2 2 GXZ 2
MexaHi4H1 XapaKTEPUCTUKU €JIEKTPONPUBOJA PO3PAXYEMO i POOOTH Y

PeXKXHMi IPH 3aKOHI 4aCTOTHOTO KepyBaHHs E /@, =const.

BpaxyeMo muiiB HarpiBaHHs OOMOTKHU Ha iX OIIp:
Ry, =R, -(1+0,23)=1,23-3,62=4,45 Ow, (2.26)
R, =R, -(1+0,23)=1,23-2,33=2,87 Owm.

. . E . .
CHIBlI[HOH_ICHHSI a(() BHU3HAYA€TLCA BHUXOIAYH 13 HOMIHAJIBHOTIO PCKUMY
0

JABHUI'YHA:

E, =U,,—1,R =220-462-445=199,4 B.

lugp —

OCK1IbKH Yy HOMIHAIBHOMY PEXUMI @)y = @, =1, TO

o La _1994 B, (2.27)

Wy Wy,

I[iIOLIG 3HAYCHHA ITIOTOKO3UYCINICHHSA CTATOPAd BU3HAYHUMO 34 BUPA30M:

g = B (2.28)

CT)O ) a)Oeﬂ.H

=194 _ 634 Bs.

1-314
[loToko3uemieHHs POTOpa BU3HAYAETHCA 3a (1)OpMy.]'IOIOZ

¥, = Kty . (2.29)

1+ & w’

R, P

JIist po3paxyHKy MEXaHIYHOI XapaKTEPUCTUKU TPU BIIOMUX 3HAYEHHSX

HaNpyryu Jkepena >kuBiaeHHA U; 1 BIIHOCHOI 4aCTOTU HANpPYyTH KUBJICHHS @, A
TaKO’K HOMIHAJIbHOI YaCTOTH HANpyTU IBUTYHA @)y, , ,» 34AA€MOCA PSIOM 3HA4CHb

BiJIHOCHOI dYactoTu poTopHoi EPC @ s OOYHCIIIOEMO BIJIMOBIAHUA MOMEHT
nuryHa. [lianason 3minyn yacroru poropHoi EPC nexurs y Mexax 0< @, <@, .

KyToBa mBUAKICTh JBUTYHA OOUHUCIIOETHCS 32 (HOPMYIIOH0:
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O=wy,, ——. (2.30)
P
Po3paxyHOK MpoBOAUMO I IECATH 3HAYEHb YAaCTOTH:
@, =109...0,2;014.
VY 3B’s3Ky 13 TPOMI3IKICTIO PO3pPaxyHKIB IO KOXHIA YacTOTI, pO3paxyHKH
IPOBOASTHCS 13 BHUKOPUCTAHHSIM IPOTPaMHOIO CEPEIOBUINA MAaTEMaTHYHOTO
npukiagHoro makery MathCAD V13, Big kommanii MathSoft.

I'padixn moOymoBaHi 13 BUKOPUCTAHHSM MaiicTpa poOOTH 13 rpadiyHUM

noaaHHsaM iHGopmartii 2D Plot Ta HaBoasATECS Ha puc 2.6 Ta 2.7 BIAMOBIAHO.

320 [T |

300 P

i)

wl{wr)

w2(wr) —

w3(w1) 200 F—

250

wd( wr)

wS(wr) e~ ‘
;(m) 150 S -
;( wr) B

w3(wr) R

7 /X

0

0 5 10 15 20 25 30
0157, M wr) 28.263,

Pucynok 2.6. MexaHiuHi XapakTEpUCTUKHU €JIEKTPONPUBOJIA 3 ACHHXPOHHUM

JIBUTYHOM IIPH 3aKOHI YaCTOTHOTO peryiroBaHus E /@y, = const
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Pucynok 2.7. I'padiku 3a1€KHOCTI TOTOKO3YEIIJIEHHS cTaTopa 1 poTopa Bij

BIJTHOCHO1 pPOTOPHOI YaCTOTH.

2.5. Po3paxynok 6anacmnozo pezucmopa.

banacTHmii pe3UCTOp BUKOPUCTOBYETHCS MJII PO3CIIOBaHHS KIHETHYHOI
€Heprii, 110 3alacaeThCsl HABAaHTAKEHHSIM €JIEKTPONPUBO/A, SIKa MOBEPTAETHCS B
KOHJIEeHCaTOpH (DUTbTpa JIAaHLIOTA MOCTIHHOT HANIPYTH MpU raIlbMyBaHHI 4 peBepPCi.
[Ipn 3MeHmieHHI OOOPOTIB JBHTYHAa YacTWHA KIHETUYHOI €HEprii oOepTaHHS
BUTPAYAETHCSI HA BUKOHAHHS KOPHCHOI pOOOTH Ta MOJOJaHHsS cui Tepts. Jpyra
YacTHHA MEPETBOPIOETHCS B EIEKTPUYHY 1 uepe3 00EpHEH1 J10U TPaH3UCTOPHOIO
1HBEpPTOpA MEPEAAETHCS Y JAHKY MOCTIMHOTO CTPYMY.

Bibip OamactHOrO pe3ucCTOpa BUKOHYETHCS IO HOMIHAJIBHOMY OIOPY,
MaKCHUMaJbHIM poOouill Hampy3l Ta HaBaHTaXyBaJbHIN 31aTHOCTI. HoMmiHanmpHU
OImp BI3HAYA€E CTPYM UEPE3 PE3UCTOP Yy PEKHUMI peKymeparli, sSIKuid TMOBUHEH
BiJINIOBIIaTH MaKCUMaJIbHOMY CTpyMy ABUTYHA. [Ipu 3aBuIIeHOMY 3HaYEHHI OMOpPY

CTpyM pO3psIy KOHJIEHCATOpiB (iAbTpy MoOke OyTH HEAOCTaTHIM IS
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3a0e3MeYeHHs] HEOOXITHOTO TEMIy TalbMyBaHHS, IO MOXE BHUKIUKATH
CHpALIOBAHHS 3aXMUCTY Bl IEpeBULICHHS Hanpyru. llpu 3aHM>KEHOMY 3HAYEHHIO
OMOPY MOJKE€ CHPalbOBYBATH MaKCHUMallbHO-cTpyMoBuii 3axuct IGBT Byszna
CKUJAHHS €HEeprii raJlbMyBaHHS.

Pe3ucrop moBHHEH BUTpUMYBaTH MaKCHUMaJlbHY pOOOYYy Hampyry Ha piBHI
800 B. MoxnuBe BUKOPHCTAHHS MOCIIJOBHO 3’€IHAHMX PE3UCTOPIB 3 MEHIIOKO
po0OOUO0I0 HATIPYTOIO.

HeoOxigHa MOTYXHICTh pe3ucTopa MOXe OyTH OTpMMaHa 3a JIONOMOTONO
napajieIbHOTO M IMOCHI0BHOIO 3’ €IHAHHA JE€KIIBKOX PE3UCTOPIB.

Jlns HamiiHOi poOOTH By3Jla CKHJAHHS €Heprii rajabMyBaHHS HEOOXigHE

BUKOHAHHA yMOBI/I:
> J, Lmax — min (2.31)

Aac W6p — MaKCUMaJIbHAa OJJHOKPATHO PO3C1IOBAHHA CHEPI'LA, I[}K

Js — cyMapHMii MOMEHT 1HepLli ABUTyHa 1 ME€XaHI3Ma, IPUBEACHUN 10 Baly

ABUTYHA, KT MZ;

),

max’a)

nin — MAKCHMAaJIbHE 1 MIHIMaJIbHE 3Ha4E€HHs IIBUAKOCTI Ha TIOYATKy Ta
B KiHIII TaJJbMyBaHHS, paj/c.

3007

W,, =711-10"° =321,3 JIx.

HeoOxigHy mNOTYXHICTh 0ajacTHOrO pPe3UCTOpa MOKHA BU3HAYUTH TPHU
3a/laHiil  JIOBXKHMHI pOOOYOTO MHKIY «pPO3TIH-TAIbMYBaHHS» 13 HACTYIHOTO

CII1BBI1THOIIICHHS:

P> s (a)riax — a)r?win ), (2.32)

P;, — CyMapHa IOTyXHICTb 0aJaCTHOTO Pe3ncTOpa;
T,, — moBxuHa poOOYOro UHUKILY, C.

[lepeTBOpIOBaY BUKOHYE YaCO-CTPYMOBHUH 3aXUCT By3Ja CKUIAHHS €HEprii

raJibMyBaHHA. I[J'ISI MMpaBUJIBHOTO HAJNAro/LKCHHA  3aXHUCTY ITOBUHHI 6YTI/I
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BCTaHOBJICHI [Iif04l MapameTpu OanactHoro pesucropa Py, ta R, y BIANOBiIHHX

cTpokax Mmento «MHUITMAJTIN3ALIAA / BAJIJIACTHBIN PE3UCTOPY nymbty
KEpyBaHHS. 3aXHCT BUKOHYETBHCS LUISIXOM IOPIBHAHHS PO3CIIOBAHOI B PEXHUMI
pekynepanii MOTYKHOCTI 3 HOMIHaJIbHOI 3 YpaxXyBaHHSM JOILyCTUMOTO
nepeBaHTaXeHHs (BKazyeTbcs mapamerpom K

o » IpunMaeTeest Ko =1,5) 1 gac i

Ail Bkasyersest mapamerpom T, =30 c.

Jlsist po3paxyHKy HEOOXITHO BU3HAYUTH MAKCUMAJIbHUIA TaJbMIBHHH MOMEHT

3a GOpMYJIOIO:

N
M, ey = o 2.33
‘T 9,551, (2.33)

BusHayaemMo 1ieii MOMEHT JJIsI MaKCUMAaJIbHOI IIBUIKOCTI €JIEKTPOABUTYHA 1

yacy raieMyBaHHsA t, =1 c:

~711.107°.2871
o 9,55-1

=214 Hwm.

Bu3HaummMo MakcMMasbHy €HEprito ralbMyBaHHS:

M n

I:>emax = em9&1x5'5 max (234)
UNECTE

BusnayaemMo MakcHMalnbHy €JIEKTPUYHY €HEprilo rajJbMyBaHHS BPaXOBYIOUHU
BHYTPIILIHI BTPAaTH y IBUTYHI:

P

el = Pemax -k Pa (2.35)

6.HOM. !

ne k — koeillieHT 3MEHIICHHS JJIs1 TeHEPATOPHOIO PEXHY EJICKTPOJBUIYHA,
npuiiMaetsest K =0,15;

P

venon. — HOMIHaJIbBHA IIOTY?KHICTDb CJICKTPOABUI'YHA, KBT,

P, =6433-0,15-2200=3133 Br.
BenuuuHy omnopy rajibMiBHOTO OJIOKY PE3HCTOPIB BUOMPAEMO 13 BUKOHAHHS

CHIBBIJHOIIECHHS
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2
_ U.Mep
R, = , (2.36)
I:)el
2
L= 220 =154,5 Om.
313,3

BusnagaemMo HOMIHAJIBHY MOTYKHICTH TaIbMIBHOTO PE3UCTOpA:

P
_ ¢l

2.HOM f ! (237)
k

ne f, — KOHCTaHTa raabMIBHOTO PE3UCTOpA, 3aJIeKHA BiJ Mepiola BMUKAHHSI

3MEHIIICHHS JIJIsl TEHEPATOPHOTO PEXKUY €ICKTPOIBUTYHA, puitMaeThest K =0,5;

3133 _ 626 Br.
0,5

2.HOM

2.6. Po3pobKa npuHyunosoi cxemu KepyeanHs eepcmamnom.

EnexTpoobiiagHanHs BepcTaTa CKIadaeThCs:

—  aCHHXPOHHHUMU €JIEKTPOJBUTYH NEPEMIIICHHS 3ar0TOBKU M1;

—  aCHHXPOHHHUM €JIEKTPOABUTYH TiaponpuBoaa M2;

—  aCHMHXPOHHHH €JICKTPOJABUTYH MPUBO/IA MOJOTHA M3;

—  aCHMHXPOHHHUH eJEKTPOABHUTYH Hacocy nmomadi 30P M4;

—  eJIEKTpoMarHiTu 30J0THUKIB YAI ... YA3;

—  amapaTypa KepyBaHHs, 3aXHCTy Ta CUTHAJII3allii.

Enexrtpoamapatypa  po3MmimieHHa ~ 0Oe3locepeHbO Ha  Bepcrari  Ta
enexTpoiradi, 10 BCTAHOBJIEHA Ha CTAaHUHI BepcTara.

KepyBaHHs BepcTaTOM BHWKOHYETHCS 3 MyJIbTY KEpPyBaHHS, BCTPOEHOTO B
esnekTporady.

JKuBrieHHs enekTpooOiaJHAHHS BEpPCTaTa BHUKOHYETbCA BiA TpHU(a3HOi
Mepexi 3miaHoTo cTpymy 380 B, 50 I'1r 13 3a3eMIIeHOI0 HEUTPAIUTIO Ta 3aXHUCHUM
npoBojioM (PE), miji’eqHaHHUM 10 TOYKU 3a3€MIJICHHS.

VY BepcraTi BUKOPUCTOBYIOTHCSI HACTYIIHI BEJIMYMHU HANPYrd CUCTEMHU
YKUBJICHHS 3MIHHOTO CTpyMy dacToToro 50 I'm:

—  cuuosl naHioru — 380 B;
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—  JIaHIIOTM KEPYBaHHS Ta KUBJICHHS €JICKTPOMArHITIB Ta 30JOTHUKIB —
110 B;

—  JIaHIIOTHY CBITIOBOI curHam3amii — 110 B;

—  JIQHIIIOTH OCBITJIEHHA — 24 B.

Enextpuuna mnpuHOMIOBAa cxXemMa HaBeiaeHa Ha  kpecneHHi  AEII
6ME.025.000E3.

Bximrouenasm BBogHOro apromara QF1l mopaeTbesl KUBJICHHS Ha CHIIOBI
JIAHIIOTH Ta JAHIIOTH KepyBaHHs. 3a 1onomororo nepemukada SA4 BinOyBaeThcs
BUOIp pexxuMy pobotu Bepcrata: «Hamaromxkenss», «0», « ABToMaT.

Knonka SB4 Bmukae ABUTYH rijponpuBoaa M2. BigkiatoueHHs T1AponpuBoia
MO>KJIMBO KHONIIKOIO SB2.

BcranoBiaennsam nepemukada SA3 B monoxkeHHs «Bmepem»y um «Hazam»
B110yBa€ThCS BIANOBIIHE MEepeMIlIeHHS 3aroToBku. [lepemukau SA6 3abe3neuye
iHOM Ta OIyCKaHHS MTHJIKH.

JI1st BKITFOUCHHS €JICKTPOJIBUTYHA MPUBOJIA MHIKA M3 HEoOX1THO HATUCHYTH
kHOnKy SB5 mnpu ymoBi, mo nepemukad SAZ2 CTOITh B TOJOXEHHI «YTOp
BiJIBEJICHUI», TIPU 1IbOMY BKIIOUHTHCS pesie K6 1 momacTe curHan KepyBaHHs Ha
nepeTBoproBad yactotu Al. EjxexrpoaBuryH mpuBoja MUKW BKJIIOYHUTHCS, a Ha
Ta0JIO MEepEeTBOPIOBaYa BUCBITATHCA LTU(PH, SKI MO3HAYYIOTh JIIHIMHY IIBUAKICTH
nuikd y M/xB. [Ipn HEOOXiMHOCTI 3MIHMUTH MIBUAKICTH MHJIKH, Tepemukad SAL
BCTAHOBJIIOETHCSA Yy MOJOKEeHHS «binbmie» abo «MeHmie», Nmpu IbOMY 3MiHA
HIBUAKOCTI BIJOOpaXy€eTbcs Ha TaOJI0 EPETBOPIOBAYA.

3ynuHKa MUIKU 3a0€3Meuy€eThCcsl HATUCHEHHSIM KHOTIKM SB3.

[Tyck mukity BimOyBa€eThCsl HACKaHHAM KHOMKK SBS, mpu mpoMy crparboBye
pene K6, sxe B CBOIO 4epry ae KOMaHIy Ha BKIIOYCHHS MTUJIKH.

ITix’eqHaHHS CUIOBUX JIAHIIOTIB 1HBEPTOpPA BUKOHYETHCS Y BIIMOBIAHOCTI JI0
Tabmui 2.6.

TabOmuws 2.6

Ne xnemu X1 [To3nayenHsa Ha cxemi Ilix’ equanus

1 DC+ OaylacTHUM pe3ucTop
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2 DC-

3 L1 daza A mepexi

4 L2 daza B mepexi

5 L3 ¢aza C mepexi

6 U daza U neuryna

7 V daza V aBuryna

8 daza W npuryna

9 BR OamacTHUN PE3UCTOP
10 PE 3axucHe 3a3eMJICHHS

[lix’eqnanHsT Mepexi, ABUTYHA Ta 0allaCTHOrO PE3UCTOpa CJiiJi BUKOHYBATH
Ka0OeIsIMU 3 130JIS111€10, BIAMOBIIHIM HApy31 )KUBJIUOT MEPEXkK1 Ta HarpiBOCTIMKICTIO
no 70°C. Ilix’enHaHHs 10 MEpeKi BUKOHYETHCS 4epe3 3aXMCHHM aBTOMAaTUYHUMN
Bumukau QF4. Ilepepi3 mpoBiTHUKIB KaOediB BUKOHYEMO Y BIJAMOBIIHOCTI 3
sumoramu DIN VDE 0100.430.1.

Jlis min’eqHaHHS AaTYUKY 3BOPOTHHOTO 3B’SI3KY BUKOPHUCTOBYETHCS PO3’ €M
neperBoproBaya X7 0a3zoBoi 1HTepdeiicHoi mmatu. Ilig’enHans HeoOXiIHO
BUKOHATH €KPAaHOBAaHMM KabOelleM 3 BHTHMH I1apaM{, BUKOPHUCTOBYIOUM >KUJIU
KOXKHOI 3 Tap JJisg CHTHAJIB BIJIMOBIHOI MOCIIIOBHOCTI Ta ii iHBepcii. Expan
Ka0eqo 31 CTOPOHU MEPETBOPIOBaYa MOBUHEH OYyTH Mia €THAHUN 10 KOPIyCy
BIJIMTOBITHOT YaTUHU PO3’ €My X5, a 13 CTOPOHU JATUYUKY — JI0 KOPIYCY JAaTdrKa.

AJNTOPUTM TiATOTOBKH EJIECKTPONPUBO/IA 0 POOOTH HABOIUTCS HA puC. 2.8,

[Ipn monepHizalii eIeKTponpuBOJa IMOJOTHA BepcTaTa, ISl MOKPAIICHHS
poboTu 00saHaHHA TPOIOHYETHCS JO0ABUTH y CXEMY KEpyBaHHS BEPCTaTOM
CJICKTPOHHE pelie MiapaxyBaHHs KUTBKOCTI pi3iB. Lle 103BONMUTH BUKOPHUCTOBYBATH
aBTOMAaTUYHY MOPI3KYy 3arOTOBOK Yy 3a/laHiil KIJTbKOCTI.

[Ipu momaui Hanpyry Ha pese Ha CBITIO 1101 moBuHeH 3’ sButucs Hamuc 000.
Jani HeoOXiTHO NPOBECTH HAJIArOJKEHHS pejie BUCTABUBIIM 3a JOMOMOTOIO

(GYyHKI[IOHATBPHUX KJIABIII HEOOXIIHY KUIBKICTH Pi3iB.
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B nporieci po6oTu BepcTaTa 1o 3aKiHY€HHI KOKHOTO Pi3y Ha pese MOJa€eThCs
iMIysibCc Hampyru. IIpy 1bOMY KUIBKICTB IMITYyJIBCIB OyJie€ CTPOTO BIiJIMOBIAATH
KUIbKOCT1 pi3iB. Ilpu JOCSATHEHHI BIAMOBIAHOI KUIBKOCTI IMIYJbCIB (TOOTO
KUTBKOCTI PI3iB) 3aJaHOMY YHCIy CHPAlbOBYE€ KOHTAaKT pejie 1 MepepuBae
aBTOMATUYHHM 1K BEpCTaTa.

J7ist OBEpHEHHSI pelie y BUXIIHE CTAaHOBUIIE HEOOX1JHO HATUCHYTU KHOMKY
STOP/START. Ha inmgukaropi 3’sButbcs Hamuc 000. Pene moBepHynocs y
MOYAaTKOBU CTaH.

[Ipy moyaTkOBOMY IIyCKy BepcTara HEOOXIJHO TMEpPEBIPUTU HAMIMHICTh
3a3eMJICHHS Ta SIKICTh MOHTaXy €JIeKTPOOOIaHAHHS 30BHIIIHIM OTJISIIOM.

[Ipy BIMKHEHOMY BXIJIHOMY aBTOMAaTi Ta aBTOMAaTax 3aXHUCTy MOBUHHI OyTH
nepeBipeHi:

—  BIJICYTHICTh MEXaHIYHHUX IOIIKO/KEHb €JIEMEHTIB €JIeKTPOOoOIaJHAHHS,

€JIEKTPOTIPOBOJIKH, MOHTKHUX 3’ €JHAHD;

—  MPaBWIBHICTH 1 HAAIMHICTF MOHTAXY €JIeKTpoIIadu, MyJIbTy Ta OKPEMUX

BY3IIIB;

—  THUIM 1 TEXHIYHI JaHHI BCTAHOBJIECHUX €JICMEHTIB €ICKTPOO0OIIaIHAHHS;

—  YCTaBKH peJie Jacy.

[Ticns ornsimy 3a JOMOMOTOK BBOJHOTO aBTOMATy MiJ’€IHATH BEPCTaT N0
mepexi. [lpu BBIMKHEHOMY BBOJHOMY aBTOMATi Ta aBTOMAaTax 3aXHUCTy B PEXUMI
«HamnaromxeHHs» MOBUHHI OyTH MEpEeBIpPEHi:

—  BEJIMYMHU HANPYTH JIAHLIOT1B KEPYBaHHs, CUTHAJII3AIli Ta OCBITJICHHS,

—  YITKICTh CTIPAIIOBaHHS PEJICHHOI anapTypH;

—  NPaBUWJIBHICTH HANPsAMY OOCpPTaHHS CICKTPOIBUTYHIB;

—  TIPaBWJIBHICTH CIIPAITIOBAHHS T1IPO 30JI0THHKIB,

—  po0oTa KHONKM aBapiiHOTO BIAKIIOYEHHS Ta NIJISTXOBUX BUMHKAYIB;

—  poOoTta OJIOKyBaHb;

—  poboTa curHasnizailii Ta OCBITJCHHS.

CxeMo10 BepcTaTa nepeadadeHi HacTyIHI OJIOKYBaHS:

—  aBapiitHuii ocTaHOB TIpu 00pHBI MoJI0THA (KiHIeBUY BuMuKad SQ1L);
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—  TIpU IepeBaHTaXCHHI TOJIOTHA,

—  IIpH CHpaIIOBaHHI 3aXMCTY NIEPETBOPIOBAYA YACTOTH;

—  TOpH BUXOJI1 3aTOTOBKH 13 30HU [I1i KIHIIEBOTO BUMHKaua SQ2.

Cxemoro mepembadeHa CBITJIOBA CHTHaTI3allis, BCTAHOBJIEHA Ha IIyJbTI
KepyBaHHS: Mojavya Hanpyru Ha BepctaT (HL1), BiACYTHICTh 3aMUKaHHS Ha KOPITYC
nanmrorie kepyBanas (HL2, HL3); pexxum «Hanaromxenns» (HL6), BKIrodYeHHs
rigponpuBona (HLS); Bxmrouenns nuximy (HL7); mepeBaHTakeHHS TMOJOTHA 1

aBapiiiHuii 3ynud mwiku (HL4).
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Pucynox 2.8. Anroputm Hanmaro KEHHs €JIEKTPOIPUBO/IA TIOJIOTHA BEPTATA.
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BUCHOBKHU

VY naniii poOoTI OyJIO IPOBEACHO MOJICPHI3AIII0 CUCTEMHU aBTOMATHU30BaHOTO
KEepyBaHHs METaJI000pOOHOT0 BepcTara.

Jlo pe3ynbTartiB MpoOBECHOT MOJAEPHI3aIlii BITHOCITHCS:

— PpPO3paxoOBaHO TOTYXKHICTh Pi3aHHS Ta BHOpaHWM BIAMOBIIHUM MOTOP-
penyKTOp MpHUBOJA MOJIOTHA BEpCTaTa,

— TIPOBEJICHO aHali3 CyYaCHUX CHUCTEM EJIEKTPOIPUBOAA Ta MPHUHIIUIIIB
OyZ0BH Cy4acHOTO aCHHXPOHHOTO EIEKTPOIPUBO/IA;

— BHOpaHa CHCTEMa aCHHXPOHHOTO €JCKTPONPHBOJA 3 BEKTOPHHUM
KepyBaHHsIM, BHOpaHI Ta pO3paxoBaHI OKpEeMi €JIeMEHTH CHCTEeMH IMPUBO/IA,
noOyJ0BaHO MEXaHIYH1 XapaKTePUCTUKH €JIEKTPOIIPUBO/IA;

— po3pobieHa (pyHKITIOHAJIbHA CXeMa BEKTOPHOTO KEPYBaHHS aCUHXPOHHHUM
CJIEKTPOINIPUBOJIOM Ta MaTeMaTHUYHa MOJENb ACMHXPOHHOIO EJIEKTPOJBHUIYHA 13
CTPYKTYPHOIO CXEMOIO €JIEKTPOTIPUBO/IA;

— 10 po3poOJieHI MOJenl 3a JOMOMOTOK TMPOTPAMHOTO CepeoBHUIIA
MATHLAB Simulink noOynoBani rpadiky mepexiTHUX MPOLECIB Ui PI3HUX
PEXHUMIB POOOTH MPUBO/IA.

Po3pobnenuii mpoeKkT Mae MpaKTUYHY IIHHICTH 1 HOro pe3yjbTaTH MOXKYTh

OyTH peKOMEHOBAHI J1J11 BUKOPUCTAHHSA Y BUPOOHHULITBI.
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2 . Development of an electric drive system for a metalworking
machine.
2.1 . Review of the current state of BP control systems .

In general, we can distinguish the yard and mostly s problems
solved electrically adjustable, control point and the speed of the
engine. The need to adjust the torque is dictated by the technical and
technological requirements for the electric drive. For normal operation
of the drive and it is necessary to limit the torque and current of the
engine to admissible values in transient processes of start, braking and
application of loading. For mechanisms that experience significant
overload during operation up to lockingworking body, there is a need
for continuous adjustment of engine torque in order to limit the
dynamic shock loads. In many cases, accurate dosing of force on the
working body (drives of metalworking machines, winding machines,
etc.) is also required.

Technological modes of many production mechanisms at different
stages of work require the movement of the working body at different
speeds, which is provided either mechanically or by electrical speed
control of the electric drive. The requirements for the range and
accuracy of speed control can vary as wide as possible depending on

the scope of the electric drive a .

2.1.1. Management methods

To solve the problem of speed and torque control in a modern
electric drive, two main methods of frequency control are used :

— scalar control ;

— vector control .

Asynchronous electric drive with scalar control is the most
common today. It is used as a part of drives of pumps, fans,

compressors and other mechanisms for which it is important to support
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either speed of rotation of a motor shaft (at the same time the speed
sensor is used), or technological parameter. The basic principle scalar
control - changing the frequency and amplitude of the voltage feeding
by law, where. The specific type of dependence is determined by the
requirements for the load. Usually the frequency is taken as an
independent action, and the value of the voltage at a given frequency
determines the type of mechanical characteristics, the value of the
starting and critical moments. Scalar control ensures the constant
overload capacity of the drive regardless of the voltage frequency, but
there is a reduction in torque developed by the motor at low
frequencies (at). The maximum range of speed control of the rotor at a
constant torque for drives with scalar control reaches 1:10.

The method of scalar control is relatively easy to implement, but
has two significant disadvantages. First, in the absence of a speed
sensor on the motor shaft, it is impossible to adjust the speed of
rotation of the shaft, because it depends on the load. The presence of a
speed sensor solves this problem, but there is a second significant
drawback - you can not adjust the torque on the motor shaft. On the
one hand, this problem can be solved by installing a torque sensor, but
such sensors have a very high cost, which often exceeds the cost of the
entire drive. But even with a torque control sensor is very inertial.
Moreover, with scalar control it is impossible to adjust both torque
and speed, so you have to choose the value that is most important for
this process.

To eliminate the shortcomings inherent in scalar control,
SIEMENS in 1971 proposed a method of vector control. The first
versions of vector- controlled drives required the use of motors with
built-in flow sensors. This significantly limited the use of such drives.

In modern electric drives in the control system is laid a

mathematical model of the engine, which allows you to calculate the
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torque on the shaft and the speed of rotation of the shaft. Only motor
phase stator current sensors are required. Due to the special structure
of the control system provides independent and virtually inertial
control of the two main parameters - the torque on the shaft and speed.
To date, two main classes of vector control systems have been
formed - sensorless and system (without speed sensor on the motor
shaft) and system with speed feedback. The application of one or
another method of vector control is determined by the scope of the
electric drive a . At small ranges of change of speed (no more than 1:
100) and requirements to accuracy of its support no more than + 0,5%
apply bezdotnikov e vector control. If the speed of rotation of the
shaft varies widely (up to 1: 10000 and more), there are requirements
for high accuracy of maintaining the speed of rotation (up to £ 0.02%
at speeds less than 1 Hz ) or there is a need to position the shaft, and
if necessary torque control on the motor shaft at very low speeds,
apply vector control methods with speed feedback.
When wusing vector control, the following advantages are
achieved:
— high accuracy of speed regulation even in the absence of the
speed sensor;
— smooth, without jerks, engine rotation in the low frequency
range;
— tne ability to provide rated torque on the shaft at zero speed (in
the presence of a speed sensor);
— fast reaction to change of loading: at sharp jumps of loading
practically there are no speed jumps;
— providing such a mode of operation of the engine, which reduces
the loss of heat and magnetization , and therefore increases the

efficiency of the engine.
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Along with the obvious advantages of the vector control method ,

there are

some disadvantages, such as the high computational

complexity and the need to know the parameters of the engine. In

addition, with vector control, the oscillation of the speed at constant

load is greater than with scalar control .

Table 2 .1
- sinusoidal PWM
- method of spatial modulation of basic vectors ( Space
Vector Modulation )
Methods of PWM frequency tuned ,
output
voltage 8... 16 kHz for power from 0.75 to 30 kW
formation and 4 ... 8 kHz for power in ISHCH is 37 kW.

To reduce akustych tion noise to use the method of "m " |
k at th 'W and M.
Rock RNE management :
- klassych not f scalar control by default and also
parameter these U / f;
- scalar control with compensation iyeyu pad and Mr. tion
eg Ugi on the stator (IR compensation and I);

Engine ) ) _

control | - scalar control with slip compensation .

method  'vector is control :
- sensorless vector speed control ;
- sensorless vector torque control ;
- vector speed control with sensor feedback connection ;
- vector torque control with feedback sensor .

Engine - DC current ;

braking |- Dynamic n e braking using the built-in or external

method

braking resistor.
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2 .1.2. Construction of the power unit

The most common are frequency converters (IF) with an
intermediate link of direct current, built on the scheme of a rectifier -
a stand - alone inverter. The principle of operation and applications of
PT depends on the type of rectifier and autonomous inverter (inverter
voltage or current inverter).

There are several different rectifier circuits. According to the
principle of operation, they can be divided into three groups:
controlled, semi-controlled and uncontrolled. Shemotehni chno all
built on three-phase rectifier bridge circuit. The most common are
uncontrolled rectifiers. Made on the simplest and cheapest
semiconductor devices - diodes, they are characterized by maximum
simplicity and reliability, high efficiency, as well as a fairly high
quality of the output (rectified) voltage and the harmonic composition
of the current consumed from the network. However, the
uncontrollability of the energy conversion process does not allow to
implement the recovery modes required in many cases.

Controlled rectifiers, which are wusually performed on low-
frequency thyristors, are devoid of both the disadvantages and most of
the advantages of diode rectifiers. They have high efficiency and
reversibility in the direction of energy conversion and are commonly
used in conjunction with stand-alone current inverters to control the
output current of the converter. The disadvantages of controlled
rectifiers are the increased level of ripple of the rectified voltage, the
reduced value of the power factor, which decreases in proportion to
the output voltage, and the one-way direction of the output current. If
necessary, to ensure the flow of rectified current in both directions
using reversible thyristor converters, consisting of two included

counter- parallel thyristor rectifiers, one of which is designed for the
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flow of load current in the forward and the other in the reverse

direction. This complicates and increases the cost of the converter.
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Fig. 2.1. Schematic diagram of the power part of the converters:
a) autonomous current inverter (AIS);
b) autonomous voltage inverter (AIN).

Semi- controlled rectifiers occupy an intermediate position
between controlled and uncontrolled rectifiers, allowing to adjust the
value of the rectified voltage without the possibility of energy
recovery in the network. In the case of controlled and semi- controlled
rectifiers, it is possible to disconnect the power circuit of the inverter

from the network without the use of additional equipment.
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Depending on the type of stand-alone inverter, the DC circuit can
be made as a link that provides DC voltage (usually a C- or LC-filter),
or as a link that maintains a constant current (filter in the form of a
reactor with significant inductance). The value of the capacitance of
the capacitor in the DC link is usually 2000-20000 uF .

Characteristic features of autonomous current inverters ( AIS , Fig

la) are power supply from the current source (the source circuit
includes a choke of significant inductance), exchange of reactive load
energy with a switching capacitor, significant voltage fluctuations at
the inverter input at constant source current, and voltage curve at the
output and input of the inverter from the nature of the load. AIS are
technically easier to implement than AINs because they do not have a
rotary diode bridge. In the PT -based AIS using controlled rectifiers
possible energy recovery into the network, which is important for
electric drives, working in short-term re-modes.

A characteristic disadvantage of the AIS is that it can not idle
(with the engine off). In addition, when using AIS , significant power
losses and the formation of additional outrageous moments in the
engine, leading to speed fluctuations.

If it is necessary to generate motor currents close to sinusoidal, a
significant complication of the AIS circuit is required .

Features of autonomous voltage inverters ( AIN , Fig . 1b) are
power supply from the voltage source, short circuit of the reactive
load current through reverse diodes and the independence of the shape
of the voltage curve at the output of the inverter from the nature of the
load. The disadvantage of AIN is the need to use reversible rectifiers
to organize the regenerative modes of operation of the electric drive.
However, the use of voltage inverters allows without complicating the

circuit to obtain high energy performance and provide output currents
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close to sinusoidal. This is the reason for the widespread use of AIN
in modern electric drive.

Bipolar transistors with isolated gate (IGBT) and field-effect
transistors with isolated gate (MOSFET), as well as low-frequency and
high-frequency diodes and thyristors are used to build power switches
in the field of switched currents up to 50 A. Power bipolar transistors
in the range up to 50 A are mainly used in cheap industrial equipment.
In the field of switched currents more than 50 A the main devices used
are power modules based on bipolar transistors, closing thyristors
(GTO, GCT, IGCT). Special mention should be made of transistor and
diode- transistor modules made by integrated technology based on
transistors such as IGBT. Low power losses in key modes, high values
of operating voltage and currents, short on and off times of these
modules, as well as the ability to use them in parallel operation allow
you to create powerful and compact converters with high switching

frequency semiconductor switches.

2.1.3. Construction of a control system .

The main element of peruvannya current IF is a specialized
microcontroller or digital signal processor (DSP). Construction of the
control system on the basis of DSP is caused by necessity of carrying
out in a large volume of difficult calculations in real time for
implementation of modern control algorithms. This is most critical for
sensorless vector control systems.

The control system can be obno or multiprocessor th
Uniprocessor systems have also stotn and disadvantage and , to a
microcontroller increased demands on the available embedded
modules and peripheral ports, you water , for speed and memory;

software development is significantly complicated . However, when
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solving problems of low complexity, the advantage of single-processor
systems is the simplicity of hardware and software implementation.

Currently, most converters are built on a dual-processor basis.
The first processor (TSP1) performs the basic functions IF
(implementation of control algorithms inverter, rectifier, survey
sensors and so on. D.) Each second (TSP2) provides remote
management, connection with upper level system and other service
functions. It should be noted that the distribution of functions between
microcontrollers can be carried out in another way. Advantages of the
two-processor system in comparison with one-processor - decrease in
requirements to TsP1 and TsP2 and the built-in peripherals, speed and
volume of memory; the possibility of using a single interface for
communication of the central controller with the control panel and
with the automation system of the wupper level; significant
simplification of software development for each of the controllers .

Control of inverter drivers is carried out by means of formation of
a six-channel Sh and M-signal with automatic addition of "dead time".
Most microcontroller module W and M are implemented in hardware
at . To obtain a form of output voltage close to sinusoidal (which is
especially critical in scalar control), you can use software or hardware
correction of "dead time". Also, in most cases, hardware blocking of
W & M signals in case of an accident is implemented.

The converter can be controlled by remote control, discrete or
analog inputs. Converters are constructively built on the modular
principle, which allows you to enter additional functional modules,
which in combination with built-in software allow you to get a
different configuration of the electric drive and - from simple open to
precise closed positioning systems. Typically, such expansion modules
include analog and digital inputs and outputs, as well as

communication interfaces.
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All analog inputs and outputs for paid extensions have a built-in
power supply and are usually galvanically isolated from the control
system and discrete inputs and outputs. Functions performed by analog
inputs and outputs are programmed from the control panel. And tax
inputs are used to connect feedback sensors on technological
parameters.

Most IF are also input for the potentiometer used as dials output
frequency (for PT and with scalar control ) or the rotor speed of the
engine (for PT with vector control ), with the power to dial frequency
using built-in power supply.

It is also possible to have an additional input for connecting a
motor temperature sensor ( thermistor ). Analog outputs are used to
indicate one of the parameters of frequency converter (eg, frequency
or output current estimated value since the motor shaft). The ability to
connect to the outputs of both voltmeters and ammeters is achieved
due to the presence of voltage output and current output. Output
analog signals are generated using a DAC (usually 10-bit); in some
cases, the output voltage is formed by Shiro TNO -impulsnoyi
modulation. Discrete inputs and outputs for paid extensions are used
to connect external control signals coming from electromagnetic
relays, as well as to generate control signals for such relays.

Usually, the inverter has from four to eight discrete inputs of the
"open collector" type, which perform the following functions:
selection of one of the three output frequencies (or rotor speeds),
control of shutdown and reverse, emergency shutdown of the inverter .
All discrete inputs do be galvanically untied from the system
management .

Discrete outputs can be divided into two categories: power
("relay") outputs for control of external electromagnetic relays and

outputs of the "open collector" type for work with external logic
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circuits. Plath and expansion habitually contains two relay outputs
with a pair of normally closed and normally opened contact pair, and
four output type "open collector". Output functions can be
programmed from the control panel ; usually it is: readiness, overload,
accident, access to a given frequency. All discrete outputs are
galvanically isolated from the control system , while the relay outputs
are disconnected from each other, and the outputs of the type "open
collector" have a common zero signal.

The converter may Embedded vatysya into modern automation
systems. Commonly used controls in real time several converters,
which offer solutions with different interfaces and communication
topologies of erezhi. Most frequency converters come with a standard
RS-422 or RS-485 interface. The interaction is carried out using the
Modbus or Profibus protocols , or their simplified modifications.
When using expansion modules, additional interfaces (eg CAN) and
protocols ( Interbus , CANOpen , DeviceNet ) are available.

Typically, IF incorporates a remote control , which is located on
the front of the chassis converter. The remote control contains several
specialized buttons, in some cases there may be a numeric keypad. The
information is output using one- or two-line specialized LCD or
several seven-segment indicators, as well as LEDs that display the
operating modes. At the stage of putting the inverter into operation,
the remote control is used to configure the converter and set the
appropriate parameters; during operation - to monitor the parameters
of the operating mode.

In the course of service the information on the arisen
malfunctions is displayed on the indicator that provides a possibility
of constant control of a condition of the drive.

The control panel , as a rule, is made removable that allows to

connect its inverter only if necessary and to use one panel for several
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converters . Additional independent memory is used to store system
settings, calibration parameters, alarm log and other information. It is
often performed on the basis of Flash memory chips (usually with a
serial I12C or SPI interface). In addition, many microcontrollers and

DSPs have the ability to store data in internal independent memory.

2.1.4. The main task programs th provision IF

1. Implementation of various methods of management for engine and
methods of generating the output voltage.

2. Control of the input rectifier (in the case of using a controlled or
semi- controlled rectifier) the issuance of control pulses on the power
switches in accordance with the specified opening angle of the
thyristors. This requires synchronization with the mains, ie
determining the moment of passage of the phases of the input voltage
through zero and adjusting the opening moments of the rectifier keys.
3. Reception and processing of information from sensors. This
information is used to determine the current state of the PT and the
engine needed to implement the necessary legislation management ,
tracking of emergencies and so on .

4. Interaction with the peripheral modules of the controller (work with
Flash memory, real-time clock and other devices that provide
additional service functions).

5. Interaction with the top level automation system. Carried out on the
principle of "master - known" ( Master - Slave ), and the inverter acts
as a known device. The software implements the necessary exchange
protocol, provides reception and execution of control commands , as
well as the issuance of the necessary information about the current
mode of operation, the state of the sensors and the parameters of the
inverter . In the case of a dual-processor system, the main controller

and the controller of the control panel can work together .
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6. Processing of external signals and issuance of control actions on
external equipment in case of control of the frequency converter
through discrete or analog inputs.

7. Providing a user interface. It should be noted that the complexity of
implementing a user-friendly interface is determined by the set of
controls and indications provided on the remote control.

8. Equipment diagnostics and self-diagnostics. Diagnosis is to
determine the efficiency of different modules that are part of the PT
(as strength and supervisor ents ) and the connected motor. Also held
control o o snosti programs and data stored in nonvolatile memory.

9. Implementation of protective functions. Modern inverters
implement maximum current protection, protection against
overheating of the motor and the converter, overload, excessive
deviations of the supply voltage, phase break, phase-to- phase short
circuit, phase short circuit to ground and communication errors.
Correct exit from the state of the accident is possible only if the
causes of its occurrence are eliminated. For certain types of accidents
(eg, mains voltage loss, communication failure), the system is able to
independently monitor the possibility of continuing to work. Recovery
from other accidents requires the intervention of maintenance
personnel.

10. Preservation of information on modes, duration of work, frequency
of inclusion of the inverter ; calculation of efficiency indicators for a
certain period; keeping a log of failures and accidents. This allows
you to analyze the efficiency of the converter and makes it easier to
find the causes of equipment failures.

11. Implementation of additional functions. Various modifications of
the converters have a set of features such as the task of programmable
fixed speed settings; control of a mode of braking of the drive; control

of several engines; implementation of inverter work on schedule. The
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programmable control functions that provide the ability to adapt the

static and dynamic characteristics of the drive under load conditions

include:

smooth starting and stopping a motor with a selection of
waveform change speeds (customarily used linear, S- and U-
shaped characteristics change speed) and resolution setting time
of acceleration and deceleration with automatic adjustment of
acceleration and deceleration in excess of allowable moment;
mode "pick-up" of the motor, used when turning on the inverter
on a rotating motor (for example, after a short loss of mains
voltage);

skip frequencies at which the operation of the drive is
undesirable;

compensation of voltage drop on the active resistance of the
stator (IR-compensation), which can be replaced by setting the
required profile of the curve "voltage - frequency" to ensure
operation with a minimum current consumption;

maintenance of high starting torque at low frequencies due to
additional voltage increase;

stabilization of rotation speed by acting on the frequency as a
function of load (slip compensation);

adjustment of reaction to a jump of speed or the moment of
loading taking into account inertial properties of the
mechanism;

automatic determination of the parameters of the connected

engine (adaptation) .
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2.2. Choice of machine drive system

The industry of the post-Soviet space has recently produced a
large number of varieties of frequency-controlled drive systems . In
this thesis, we focus on the development of NDL "Vector" lvanovo
State Energy University - a complete electric drive EPO.

EPV series drives are a new generation of multifunctional
"intelligent” control devices for asynchronous AC motors, designed
for controlled drive mechanisms and processes with a variety of
requirements for control parameters and conditions of use [6] .

For the electric drive of the band saw drive we choose the electric
drive of the EPV series on the basis of the frequency converter with
adaptive- vector control for highly effective wide-range asynchronous
electric drives which is intended for mechanisms with the increased
requirements to static and dynamic characteristics.

The main characteristics of the converter
EPV TTPT-10-380-2AP380-UHLA4.

Table 2.2

The name of the parameter Value
Rated output power, KVA 6.5
Typical engine power, kW 3
Supply voltage, V 380 + 10/ -15%
Supply voltage frequency, Hz 48 ... 63
Output voltage, V 0...380
Output frequency, Hz 0-400
Modulation frequency, Hz 2500-16000
Rated output current, A 10
Maximum output current, A thirteen
Protection tripping current, A 21
Maximum braking current, A 15
Minimum resistance of the ballast 43
resistor, Ohm
Power losses in nominal mode, W. 100
Maximum radiator temperature, ° C 85
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The electric drive is an electromechanical system that includes an
asynchronous motor with a speed sensor and a frequency converter

such as uncontrolled rectifier - voltage inverter" with a
microprocessor control system. The electric drive is designed for high-
quality control of the object, which requires increased requirements
for dynamic qualities and speed control range (speed bandwidth - not
less than 20 Hz ). The converter is structurally made in the form of the
hinged block of unilateral service. The main version of the frequency
converter according to climatic requirements - UHL, by placement
category - 4, by degree of protection IP00 according to GOST 15150-
69, GOST 14254-80, while the air temperature in the cabinet of the
complete device should not exceed 40 - C.
Electric a mode adjustment speed provides the following features:
— band transmission frequencies - not less than 20 kHz;
— full range of speed control - not less than 1000;
— subband of speed regulation above nominal - not less than 3;
— tne accuracy of maintaining the speed is shown in table 3.2;
— tne change in the speed of rotation when applying or dropping a
load of 0.4 M ... at 0.1 n ... should not exceed 10%, and the
recovery time of the speed to a static tolerance of 2% should

not exceed 0.15 s.

Table 2 . 3

Engine Speed error ,% no more The coefficient of

speed when when changing | total non-uniformity of
changing the direction of | A . rotation , K .,
the load A . |rotation A .cou no more

N max 0.5 1 2 0.1

0.1n na 2 2 10 0.1

0.01n 1. 5 5 15 0.2

0.001n »n. |10 10 25 0.25
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The converter frequency provides protection electric drive in
accordance to HOST24607-88:

— maximum current protection of the converter ;

— protection of propadannya supply chain management ;

— protection from crashes software maintenance ;

— protection against inadmissible deviations of supply voltage;

— protection against accident of the energy discharge unit ;

— protection of non-compliance rate given , including those
from failures in circuits inverse relation to schvydkosti ;

— protection against overheating of the power unit of the
converter ;

— time-current protection .

30w

HDER B
A A )
A A |

MW

Figure 2. 3. Overall and connecting dimensions of the electric drive .

Reliability indicators of the electric drive :

— average operating time to refusal - not less than 8000 g ;
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— average recovery time - no more than 8 hours, when using
spare boards - 0.5 hours.
— average term of service - not less than 12 years ,

— guaranteed term life - 2 years .

Table 2 . 4
wW H D MW MH R1 R2
EPV-10 195 278 180 120 265 3 6

Electric made on the basis of a three-phase asynhroonoho motor
with koroktozamknenym rotor-sensing speed , installed on the shaft
and transducer frequency of nekeruyemym rectifier and inverter
voltage . At the output of the converter formed Voltage Adjustable
amplitude and chasoty , which is supplied to the stator winding engine
. Using feedback signals , the control system adjusts the torque and
speed of the motor in accordance with the received task .

The frequency converter unit is mounted in a vertical position,
providing free space between adjacent units and to the walls of the
cabinet, necessary to open the lids, as well as to provide the necessary
ventilation.

The mounting area should be made of non-combustible material
and have sufficient mechanical prochnist , to withstand the weight of
the transformer . The direction of the main flow of cooling air must
have a direction - from the bottom up through the radiator unit. When
mounting in cabinet converter must be set so as to not fall in the flow
of air from the fuel elements vnshoho equipment , including including
ballast resistors node discharge energy braking .

The temperature of the air at the inlet of the converter must not
exceed 40 ° C . The forced cooling fan of the cabinet must be installed

so as to obtain maximum blowing of the converter .
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Calculate the required dimensions of the heat-conducting surface
of the cabinet by the formula:

Py

_ , 2.1
AT -K, (2.1)

AZU
where, - the total power loss, for the selected electric drive is at a

modulation frequency of 10 kHz W ; P, =142
K- heat transfer coefficient , for a painted steel cabinet we

accept, W/ m:z2- K;

AT - the difference between the maximum temperature outside the
cabinet and the maximum allowable temperature inside, we accept
AT =20K;

142

- ~129m 2.
" 20.55

The minimum volume of ventilated air is determined by the
following formula:
Vyp =220 (2.2)
AT

31-142

6eHm

=22,01m 3/ h.

The obtained values are taken into account when choosing a

cabinet and fans.

2.3. Description of the functional diagram of the electric drive
The power module is designed to convert the mains voltage of a
constant frequency into a voltage of variable amplitude and frequency
to power the actuating motor.
The power module consists of the following main elements:
— three-phase bridge rectifier with varistor overvoltage limiter
and inlet filter;

— capacitive filter of a direct voltage link;
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— three-phase bridge IGBT - inverter;

— braking energy discharge unit consisting of IGBT - chopper and
external ballast resistor;

— power key driver, which provides control of IGBT gates |,
generation of protection signals and galvanic isolation of
power and control circuits;

— fan controlled as a function of the temperature signal of the
power module;

— unit for recharging the filter capacity , which provides limiting
the charge current and a smooth increase in voltage across the
capacitors.

The sensor system generates normalized signals reverse

connections plated solving power and control circuits. It includes:

— current sensor DS1, DS2, which are installed in the two initial
phases of the inverter ;

— sensor temperature of the power unit, which consists of resistor
installed in the power module and the insulating amp ;

— thermistor protection engine (PTC-resistor) zer circuit
comparator and it optocoupler solution ;

— incremental sensor angle Move and schen , mounted on the shaft

performing engine .
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