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PE®EPAT

kBai(ikamiitHo1 po6oTH « MIKpOKOHTPOJIEpHA CUCTEMAa KepYBaHHS TpU(azHUMHU
ACMHXPOHHUMH €JICKTPOIBUTYHAMID)

PoGoTa MicTuTh 85 cTOpiHOK, 23 1I0cTpallii, 8 TaGuIh, 20 BUKOPUCTAHUX JIKEPET.

KittouoBi ciioBa: aCHHXpOHHHMM JBUTYH, MEPETBOPIOBAY YaCTOTH, MPOTrpaMOBaHUMN
JIOT1YHUIA KOHTPOJIEP, EEKTPONIPUBO]I, aBTOMATU3AIIISI TEXHOJIOTIYHOTO MPOLIECY.

O06'exToM po3poOIieHHs KBamiikamiifHOi poOOTH € JiHIA MexaHIdHOI OOpOoOKH
METaJIEBUX 3aroTOBOK, JO CKJIaAy SIKOi BXOAuTh enekTtporpuBon AJ[ ta T4, mio
BIJIMOBIIAI0TH 32 TIEPEMIIICHHS 3aTOTOBOK y3IOBXK JIiHIi.

MeTtoro maHoi kBasi(ikaiiifHoi poOOTH € aBTOMAaTH30BAaHMX MIPOMHUCIOBUX CHCTEM
3 MIJABUIIEHHS HAAIMHOCTI Ta TOYHOCTI (DYHKIIOHYBaHHS €JIEKTPONPHUBOAIB 13
BUKOPHCTAHHSM aCHHXPOHHHX TPU(A3HHUX EICKTPOIBUTYHIB.

B po6orti nependavaeThcsi 3aCTOCYBaHHS CUCTEMH aBTOMATH30BAHOTO KEepyBaHHS
SJIEKTPOIIPUBOIOM 3 ACHHXPOHHUM JIBUTYHOM, y CKJIaJll TEXHOJOTIYHOT JIIHIT MEXaHI4YHO1
0o0poOKM MeTaieBUX 3aroToBOK. OCHOBHMMM €JEMEHTaMU CHCTEMHM KEpyBaHHS €
neperBoproBay yactotu Powerflex 700, ta IIJIK ControlLogix.

Busnadeno, 110 Bizyasizailisi BCbOro pooodoro mporecy € e(peKTHBHOK YaCTHHOIO
pPO3pOOKH aBTOMATH30BAaHUX CHCTEM KEPYBaHHS TEXHOJIOTIYHHMH mMpolecaMu. BoHa
3a0e3nedye BiAOOpaXEHHS HalBaXxJMBIIIOI 1H(OpMaLli MOA0 Mepediry MOTOYHOro
poLECy.

AnroputM poOOTHM aBTOMATHU30BaHOI JiHII MEXaHIYHOI OOpOOKH 3aroTOBOK
PO3pO0IEHO 3 ypaxyBaHHSAM MOKJIMBOCTI MOr0 BUKOPUCTAHHS Il HABYAJIBHUX MOTPEO,
Ta € OJHHUM 13 MOXJIMBHUX BapiaHTIB PO3POOKHM aBTOMATHU30BAHUX CHUCTEM KEPYBaHHS
€JIEKTPOTIPUBOIAMH.



ABSTRACT

qualification work "Microcontroller control system for three-phase asynchronous
electric motors"

The work contains 85 pages, 23 illustrations, 8 tables, 20 used sources.

Keywords: asynchronous motor, frequency converter, programmable logic
controller, electric drive, technological process automation.

The object of development of the qualification work is a line for mechanical
processing of metal blanks, which includes an electric drive AD and an inverter, which
are responsible for moving the blanks along the line.

The purpose of this qualification work is to develop automated industrial systems
for improving the reliability and accuracy of the operation of electric drives using
asynchronous three-phase electric motors.

The work envisages the use of an automated control system of an electric drive
with an asynchronous motor, as part of a technological line for mechanical processing of
metal blanks. The main elements of the control system are a Powerflex 700 frequency
converter and a ControlLogix PLC.

It was determined that the visualization of the entire work process is an effective
part of the development of automated control systems for technological processes. It
provides display of the most important information regarding the course of the current
process.

The algorithm of the automated line of mechanical processing of workpieces was
developed taking into account the possibility of its use for educational needs, and is one
of the possible options for the development of automated control systems for electric
drives.
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INEPEJIIK YMOBHHUX ITO3HAYEHD

E/l - enextpuyHuil ABUTYH

A/l - acCHHXpOHHHMI1 IBUTYH

[IY - mepeTrBOprOBayY 4aCTOTH

[TJIK - mporpamMoBaHuii TOTTYHUI KOHTPOJIEP
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@b - QpyHKIIOHATBHUI OJTOK

®JIIT - pyHKIioHaNBHA AlarpaMa MoCIIiIOBHOCTI
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IT - indopmartiiiai TeXHOIOTi

MM - mmpOoTHO-IMITYJIbCHA MOAYJISLIIS
UTP - Unshielded Twisted Pair

LD - Ladder Diagram



BCTYII

AKTyaJIbHICTb TeMH po00TH. 3aBIsSKU CBOiMl MPOCTOTI, HATIWHOCTI, HU3bKI
BapTOCTI Ta 6araTbOM 1HIINM XapaKTePUCTHKAM aCUHXpOHHUM nBUTYH (A/]) paHimie OyB
HaNOUIbII BUKOPUCTOBYBAHUM Y 33]1a4ax, K1 HE BUMarajld peryJjtOBaHHs eIeKTPUIHOIO
npuBoay (EII), ockimbku 11e OyJo CKJIQIHAM TPOIECOM 1 HE JaBajio OaKaHUX
pesynbratiB. KpiM Toro, CTpuOKu CTpyMy, SIKI BAHUKAIOTh I11]1 4ac 3aIyCKy I[bOT0 THUITY
JIBUTYHA, OYJIM NEPELIKOA00 NI OUIBLI IIMPOKOTo BIpoBajkeHHs. OAHAK 3 MOSBOIO
CHJIOBOI €JIEKTPOHIKH MPOOJIeMy pEeryiroBaHHS Ta CTPUOKIB CTpyMy OyJi0 BHPIIIEHO, 1
ChOTOJIHI 1€ JIBUTYH TaK0>X BUKOPUCTOBYETHCS JUIsI TOYHOT'O KOHTPOJIIO HIBUAKOCTI,
KpPyTHOTO MOMEHTY a00 MO3WLIOHYBaHHSA. 3aBASKA MacOBOMY BUPOOHUUTBY OJIOKIB
KepyBaHHs, HapuKia, nepersoproauiB yactot (IT4), iXHa 1iHa 3HM3MIACS, 1, OTXKE,
JOLUIBHICTh BUKOPUCTAHHS LIbOTO MPUBOAY PO3LIMPUIIACS, BKIIOUAIOUN MEXaHI3MH, /1€
BaXKJIMBOIO € TOYHICTh peryitoBanHs EIL.

MeTtow po6oTH € po3poOKa METOJAMKHU MOOYIOBU MIKPOKOHTPOJIEPHOI CHCTEMHU
KepyBaHHs TPU(Pa3HUMU aCUHXPOHHUMU €JIEKTPOJIBUTYHAMHU.

3anayi podorm:

3 ypaxyBaHHAM c(}OpMOBaHHX BHMMOI 10 cucTeMH KepyBaHHsA AJl, 3amaui
MOJIEpHI3allli € HACTYITHUMH:

1) [TIlpoBectu BuHOIp BIAMOBIAHUX  €JIEMEHTIB  CHCTEMH  KepyBaHHS
€JIEKTPOJIBUTYHOM.

2) OOpatu BuU3HAuYeHI MoOJedl TpU(PA3HOTO ACHHXPOHHOTO JBUTYHAa Ta
NepeTBOprOBaya YacTOTH.

3) Po3pobutu cxemy eNeKTpUIHY IPUHIUIIOBY €JIEKTPOIPUBO/LY.

4) Ha ocHOBI c()OpMOBAHOI CUCTEMH €JIEKTPONPUBO/Y, HABECTHU XaPAKTEPUCTUKY
MPOTIKAHHS BiJIMOBITHOTO TEXHOJIOTIYHOTO MPOIIECY.

5) Po3pobutu anroput™M aBTOMAaTHM3allli TEXHOJOTIYHOIO TIporecy 13
3actocyBanHsaM AJl, ITY Tta mporpamoBaHOTro JIOTIYHOTO KOHTPOJEPA.

6) CkiacTi BACHOBKH 3a pe3yjbTaTaMu POOOTH.



1 3AT'AJIBHI BIJOMOCTI ITPO TPUDA3HI ACUHXPOHHI IBUT'YHHA

ACUHXpPOHHUI IBUTYH, 0€3CYMHIBHO, € HAlOUTBIII BUKOPUCTOBYBAaHUM JABUTYHOM
B JlaHWW dYac, BiH 3aBOIOBAB CBO€ MiClleé 3aBISKHA CBOId HAAIAHOCTI, MPOCTOTI
oOCITyroByBaHHS 1 BapTOCTi. BiH 3HAMIIIOB CBO€ 3aCTOCYBaHHS SK MPUBIT s
BEHTHWJISATOPIB, HACOCIB, KOMITPECOPIB TOMIO. PaHime Oyno myXke CKIagHO PEryJIIOBaTH
o0epTu LBOro JABUTYHA, ajie L mpoOieMa Oyja BUpIINIEHA 3 MOSBOI CHUJIOBOI
€JIEKTPOHIKM, OCOOJMBO MEPETBOPIOBAYIB 4acTOTU. MOXJIIMBICTh PpEryJIIOBaHHS
MIBUAKOCTI YCyHYJIa HAWOIBIINHI 1 BOJHOYAC IO CYTl € JUHUM HEJOJIK I[HOTO JBUTYHA Ta
3yMOBHWJIa BHUKOPUCTaHHS LbOTO JBUIYHA B CHCTEMax, $KI BHMAararoTb TOYHOTO
pEryIIOBaHHS MIBUAKOCTI a00 Alana3zoHy, 1 pO3MIMpUIIa MEXK1 3aCTOCYBaHHS LbOTO THITY
NBUTYHA. B naHuii yac IBUT'YH BUKOPUCTOBYETHCS B IEPEBAKHIN OLIBIIOCTI MEXaHI3MIB.
BiH BUpOOJIs€EThCS B /Iiana3oHi MOTYKHOCTEH Bijl KibKkoX Bat g0 20 MBT [1].

ACHHXPOHHI MAaIlIMHU BIAHOCATHCS 70 BETUKOI TPYNU €ICKTPUYHUX MAIIWH, IO
NEPETBOPIOIOTh E€JIEKTPUYHY E€HEPril0 Ha MEXaHIuHy 1 HaBIaku. EJIEKTpUYHI MalivHU
JOUISITbCS Ha JBUTYHHU, IO IEPETBOPIOIOTH E€JEKTPUYHY EHEPril0 Ha MEXaHiuHy, 1
TeHEePaTOPH, 1110 IEPETBOPIOIOTh MEXAHIUHY €HEPTito Ha eeKTpuuHy. OJHaK aCHHXPOHHI
MAaIIMHA BUKOPUCTOBYIOTHCS BUKIIOUHO K ABUTYHH 3 JIHITHUM 41 00€pTaIbHUM PYyXOM.
HaiiGinpor0 mepeBaror0 acCMHXpPOHHOI MallMHM € 1  IPOCTOTa, BIACYTHICTH

o0CITyroByBaHHS Ta HM3bKa IT1HA.

1.1 KoHCTpyKUisi ACHHXPOHHOTO €JIeKTPOJABUIYHA

Sk 1 1HII €JeKTPUYHI MAIIMHU, ACHHXPOHHUI JBUTYH CKJIAJA€THCS 3 HEPYXOMOI
YaCTUHH (CTaTopa) Ta pyxoMoi yacTuHH (poropa). Ctatop CKIAAAEThCA 3 YaBYHHOI,
3BapHOi a00 aJIOMIHIEBOI KOHCTPYKIlI Ta JIBOX MIAIMIMITHUKOBUX IIHMTIB. B Kopiyc
cTaTopa 3alpecoBaHi JIMCTH, SIKI 130JbOBaHI OJIUH BiJl OJTHOTO Ta YTBOPIOIOTh MarHiTHY
YacTHHY KOHTYpy MamnHu. [1nacTuHu potopa HarpecoBaHi Ha BaJl, 0 00epTaeThes. Pyx

pOTOpa MOKJIMBUN 3aBASKA TOBITPSHOMY 3a30py MIXX POTOPOM Ta CTaTOPOM, SIKUA
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BHU3HA4Ya€THCA HiI[IHI/IHHI/II(aMI/I Y BXC 3raJlanux HiI[IHI/IHHI/IKOBI/IX murTax. Cxema

ACMHXPOHHOI MaIlIMHM MMOKa3aHo Ha puc. 1.1.

7

e on o0 Soy' e Lo

Pucynok 1.1 - Po3ranryBaHHs OCHOBHUX YaCTUH aCHHXPOHHOTO JABHUTyHa [2]

OO6moTKa cTaTopa, 1o 30epiraeThes B Mas3ax, 3a3Buyaii TpudasHa, ajie Moxe OyTu
1 oqHO(a3HO0 200 ABO(A3HOI0, MOYATKY Ta KIHII SKOi BUBEJICHI HAa KIIEMHUK CTAaTOpA.
OOMOTKa poTOpa, 1110 TAKOXK PO3MIIIYETHCS B Ma3ax poTopa, Ha3UBa€eThCs AkopeM. Jlis
JIBUTYHIB OLJIbIIOT OTYKHOCTI B KaHaBKax nepeAadadeH1 MiiH1 a00 JIaTyHHI HE1301b0BaH1
IpOTH, 3'€AHAH] KUIBISMU. Y MEHIIMX JIBUTYHIB OOMOTKHM BIIJIMTI pa3oM 13
QTFOM1HIEBUMH JIOTIATSIMU BEHTHIISITOPA, 1 111 0OMOTKA Ha3MBAETHCS OOMOTKOIO «KJIITKa».
VY nBuryHax 13 asHUM pOTOPOM Ta KUIbLSIMU TpudazHa oOMOTKa 13 130JIbOBAHUX
MPOBIIHMKIB 30epiraeThes B mazax. [loyatok a3 3'eyHaHO 3 By3JI0M, sIKI KiHIII 3'€/THAHI 3
TphOMa KOHTAKTHUMHU KUIBIIMH, [0 IPUMUKAIOTH JI0 IIITOK. TaKMM YMHOM JI0 ABUTYHA

IIKITFOYA0THCSI TPUCTPOT PEryIFOBaHHS MIBUAKOCTI Ta 3amycKy [2].

1.2 IlpuHIUN POOOTH ACHHXPOHHOT0 €JIEKTPOABUIYHA

[Tpuntun monsrae y B3aeMojii 00EpTOBOTO €JIEKTPOMArHiTHOTO TOJI cTaTopa i
potopa. OkpeMi KOTYIIKH CTaropa MpocTOpoBO 3MmimieHl Ha 120° 1 >KUBISATHCS BIJ
CUMETpUYHO1 Tpuda3Hoi Mepexi. X1 CTPyMIB y Iiii MeEpexi moka3zaHo Ha puc. 1.2,
CTBOPIOIOTH MAarHiTHE MoJje, II0 MEepeTHHAE MPOBIAHUKUA POTOPA, B SIKUX 1HAYKYETHCA

Hanpyra. llg Hampyra BUHUKae TUIBKM B MPUIYHIEHHI IIOAO BIJHOCHOTO PYXY
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Mar"iTHOTO MOJIA CTaTropa 10 pyXy poropa. ToOTo pi3HI 0OOPOTH MArHiTHOTO MOJIS
cTaTopa npoTu oboporamu potopa. Lo pi3HUIIO MBUIKOCTEH HA3UBAIOTh KOB3aHHSM.
KoB3aHHS 3MIHIOETHCS B 3aJICKHOCTI BiJl HABAHTAXKECHHS Ha MAaIlIMHY, TOOTO B1J] BEIMYHWHU
MOMEHTY, 1110 i€ Ha poTop. HomiHanpHE KOB3aHHS CTAHOBUTH Bill 1% BEITMKUX TBUTYHIB,
no 10% wmanux. lIBuakicTh cTaTopa 3alIeKUTh BiJ YacCTOTH HANPYTH >KUBJICHHS 1

KUIBKOCTI MOJIFOCIB MAIIIMHMU.

Pucynox 1.2 - IIporikanus ctpymy B TprudaszHiit Mepexi [3]

Yepes MpoxoJKEHHsSI CTPYMY B OKpEMHUX OOMOTKax BCEpEIUHI CTaTOpa BUHUKAE
MarHiTHE 1oJie, YTBOPEHE BEKTOPHOK CYMOIO MAarHiTHUX IOJiB, CTBOPEHUX OKPEMUMU
KOTYIIIKaMU. 3a paXyHOK YaCOBUX XOJ[IB CTPyMY OKpeMHX (pa3 1 MpOCTOPOBOTO PO3MOALTY
OOMOTOK B CTaTopi YTBOPEHUM YTBOPIOETHCS OOEpPTOBE MarHiTHe mojie. PoTtop, sk
MpaBuiio, Mae 00oiMy (puc. 1.3), cTpuxKH1 pO3MIIIEHI B IMa3ax poTopa, a Kbl 3’ €/JHaHI

3 000X KIHI[IB (BUTOTOBIICHI HAHYACTIIIE K alFOMIHI€BI BiIJIUBKH).

Pucynok 1.3 - Koncrpykuist poropa A/l [3]
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Sk Oy7no 3a3HA4YEHO paHille, aCHHXPOHHY MAIlIMHY €KCIUTyaTYIOTh MEPEBaXHO y
pexxuMi ABUTYHA. [HIII peskuMu, TOOTO ranbMIBHUI Ta reHepaTOpHUi, OyAyTh OMUCaH1
HUXKYE.

Ha puc. 1.4 noka3zana xapakTepucTUKa KpyTHOTO MOMEHTY, aCHHXPOHHOT MaIIHH,
YMOBHO po3jauieHa Ha 3 obOmacti (3rimHo puc. 1.4, 3miBa-HampaBo). [lepma o6sactsb
BiJIoOpaXkae 3ycTpiuyHe rajgbMyBaHHA. lle cTaH ABUTYHa, KOJNM KpPYTHUH MOMEHT,
NPUKIAIECHUN 10 BaJlly JABHUTYHA, 3MYIIy€ ABUTYH CIIOBUIBHUTHCS, 3YIMUHUTHCS Ta
o0epTaTUCsl y MPOTWICKHOMY HalpsiMKy. B naHoMy BHUMaiKy MOMEHT MO3UTUBHHIA.
KpyTHUI1 MOMEHT ABUT'YHA 3MEHILY€E€THCS 31 30UIbIIEHHSIM HETATUBHUX O0EPTIB, a CTPYM,
IO CIIOKUBAETHCS 3 MEPEXi, 3pocTae. Y IHUX yMOBax JABUTYH MPAIO€ K TaabMoO, 10
Jy’K€ KOPUCHO JJIS IESIKUX 3aCTOCYBaHb, ajl€ B TOM )K€ yac uyepe3 HaJAMIpHUHN CTpyM, 110
MPOTIKAE, BIH TEPMIYHO MEPEBAHTAXKEHHI, TOMY BIH HE MOKE ITPALIOBATH B TAKOMY CTaHI1
IPOTATOM TPUBAJIOTO Yacy.

Jlpyra 4acTrHa XapakTepUCTUKH BHpaXa€ MPUPOHY poOoTy aBuryHa. KpyTHuii
MOMEHT JBUTYHA IEPEBUINYE MOMEHT HABAaHTA)XCHHS BEICHOTO MPHUCTPOIO, TBUTYH
3aIyCKA€EThCS 3 TUHAMIYHUM KPYTHUM MOMEHTOM, SIKHI1 TOPIBHIOE PI3HUII MK KDY THUM
MOMEHTOM JIBUTYHA Ta MOMEHTOM HaBaHTA)XEHHsI BEJICHOTO TIPUCTPOIO, 10 TUX TP, TOKU
[l MOMEHTH HE 3PIBHSIOTHCS Ta MIBUIKICTh JBUTYHA CTa0LII3yeThcsl. KpyTHHIT MOMEHT
JIBUTYHA Ha HYJbOBIM HIBUAKOCTI Ha3WBAETHCS IMyCKOBUM MOMEHTOM, 1 1I€ MOMEHT, 3
SKUM JIBUTYH TIOYMHAE 3aIlyCKaTHCS MICIs MIAKIIOYeHHS 10 mMepexi. [Ipu 301blIeHH1
00epTiB MOMEHT JIBUT'YHA 3pOCTA€ JI0 JIOCSTHEHHS MOMEHTY IOBOPOTY, L€l MOMEHT €
MaKCUMaJbHUM 1 TIO3HAYa€ MOYaTOK POOOYOi YACTHHH XapaKTEPUCTUKH. 3 I[OTO
MOMEHTY KPYTHUII MOMEHT JIBUTYHA TIOYHE 3MEHIITYBATHUCS 31 301IBIIICHHSIM IIBUJIKOCTI,
MOKHA POTOpP HE JIOCATHE CHHXPOHHOI IMIBUAKOCTI. Y 11 MOMEHT KPYTHUUA MOMEHT
JBUTYHA JOPIBHIOE HYJIO, IO € PE3yJbTaTOM HOTo MPUHIMIY OOEpPTaHHS Ta 3aKOHY
1HayKii. CTpyM, 10 MPOXOIUTh Yepe3 ABUTYH, 3MEHITYEThCS 31 301IBIIICHHSIM 00€PTIB,
KOJIM POTOP 00EPTAETHCS 3 CHHXPOHHOIO IMIBUAKICTIO, CTPYM CKJIaIa€ThCS TUTHKHU 3 BTPAT.

Tperst yacThHa XapakTEPUCTUKU BIAMOBIAAE€ YMOBI, KOJU IBUTYH, 3MYIICHHUM
oOepTaTuCs 31 MIBUAKICTIO, IO TEPEBHUIYE CHHXPOHHY IIBUJIKICTh, Ta BIJMOBITAE

peXKHMY TeHepaTopa.
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Pucynok 1.4 - XapakTepucTHKH KPyTHOTO MOMEHTY aCHHXPOHHOI MaiuHu [3]

Pesrcumu pooomu AJ]

T'anvmisnuu pesrcum

VY pexumi raapMyBaHHS pPOTOpP OOEPTAETHCA MPOTH HAMNPAMKY OOEPTOBOIO
MarHiTHOT'O IOJI CTaTOpa, CTBOPIOETHCS TaJIbMIBHUN MOMEHT, 110 A€ IPOTH HAIPSIMKY
oOepTaHHs, KOB3aHHs OijbIIe 1, ClIOKMBA€ HANTUIIKOBUN CTPYM 3 MEPEKI, BUKIIUKAIOUN
TEpMiIYHI Ta MEXaHIYHE HampyXeHHs. ToMy MalMHy HE MOXKHa BHUKOPHUCTOBYBATH
3aHAJITO JOBrO B LIbOMY PEXHMI.

Peoicum dsucyna

MamuHa y [bOMY PpEXKHMI Ma€ BHUIIMA KPYTHUH MOMEHT, HIXK MOMEHT
HAaBAHTAKEHHA. MOMEHT, y KMl JBUTYH TOYUHAE O0EPTATHUCS, HA3UBAETHCS IyCKOBUM
MOMEHTOM. Y Mipy 301JIbILIEHHS YaCTOTH 00E€pTaHHS MOMEHT JBUTYHA 301IbIIYETHCS J10
MaKCUMyMYy, SIKHH Ha3UBAETHCS KPYTHUM MOMEHTOM. [10TIM KpyTHUI MOMEHT LIBUIKO
3MEHIIYETHCS 10 TOUKH, B AAKIM IBUTYH JOCSITa€ CAHXPOHHOI BUAKOCTI. Ha iipomy eTami
MOMEHT JIOPIBHIOE HYJIIO, KOB3aHHA AOpiBHIOE 0, ABUTYH MEPEXOAUTHh B HACTYIHUN

PEXKUM.
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I'enepamopnuii pescum
[HIIMM pEeXUMOM € peXUM TeHepaTtopa, y SKOMY POTOp MAalllMHU Ma€ BHIII
000pOTH, HDDXK OOOpPOTHM MAarHiTHOTO TOJIsI cTratopa. Hampyra Ta CTpyM MiHSIOTHCS

MICIISIMH, 1 MaIlliHA TEHEPYE eIEKTPOSHEPTiI0 B eHeprocuctemy [2].

I'anbmyeannsa acunxponnozo osuzyna

3a paxyHOK KIHETHYHOI €Heprii 4acThH, 10 00epTaloThCs, MalTMHA MPOIOBKYE
MpaIoBaTd TPUBAIMM Yac MICJS BIAKIIOUEHHS BT MEpeXi. 3a HEOOX1JTHOCTI, MOXKHA
raJbMyBaTH MAIIMHOIO 1HIITY MAaIIMHY. BUKOHY€THCS TalbMyBaHHS TPhOMa CITOCOOAMM.

IIpomumoune ecanvmyeanms

[IpotutoyHe ragbMyBaHHS peali3ye€ThCsl MPOCTUM MIAKIIOYEHHSIM ABOX (a3 Ha
KJIEMHIN Konou1 craropa. Lle npu3BoauTh A0 3MIHU HaNPSIMKY OO€pTaHHS MarHiTHOTO
noJyis craropa. Lle ayke MapHOTpaTHE rajabMyBaHHS, OCKUIBKM BCS €HEpris JBUTyHA
NIEPETBOPIOETHCS HA TEIUIO B pe3ucTopax poropa. Kpim Toro, meit MeTos raibMyBaHHs
MO>KHA BUKOPUCTOBYBATH JIMIIIC POTITOM KOPOTKOTO Yacy 3 OTJISAY Ha 3HAYHI CTPYMH,
10 MPOTIKAIOTh Yepe3 0OMOTKH JIBUTYHA.

Pexynepamuene canvmysanms

[anbMyBaHHS 3 TEHEpYBaHHSAM €HEPrii B MEpeXy BiIOYBA€ThCS, SKIO YacTOTa
oOepTaHHsl pOTOpa BHUIIE 3a CHHXPOHHY. TakuM YMHOM, MalllMHA i€ SIK TeHepaTop,
MO/TAf0YHM aKTHUBHY IOTYKHICTh B Mepexy. /[BUTYH MOKHA TMEpeBECTH B IIeH PEKUM
raJibMyBaHHS, 3MIHUBIIM KUIBKICTh TIOJIOCIB ab0 3a JOMOMOTOI0 TEpEeTBOpIOBaya
4acTOTH. TakMM YMHOM, MAIIMHY HE MO>KHA TMTOBHICTIO 3yITUHUTH.

Jlunamiune canbmysanms

JluHaMmiuHe rajJbMyBaHHS IOJIATA€ y BIAKIIOYEHHI CTaTopa BiJ MEpeXi 3MIHHOTO
CTpyMy Ta 30yKEHHI HOTo MOCTIHHUM CTpyMOM. B cratopHiii 0OMOTIII CTBOPIOETHCA
MOCTIMHUN MarHiTHUA TOTIK. CTpyM, IO 1HAYKYETHCS B POTOPi, Pa3oM 3 YTBOPEHUM
MOTOKOM B CTAaTOPi CTBOPIOE KPYTHUN MOMEHT, 11O JII€ MMPOTH POTOPA, IO 00EPTAETHC.
KpyTHUIT MOMEHT MOYE€ CTBOPIOBATHCS HaBiTh MPHU HU3BKHUX 00epTax i, TAKMM YHHOM,

raJbMyBaTH IBUTYH [2].
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Ilyck acunxponnozo osuzyna

Yepes BeMUKH KUIOK CTPYMY, JI0 €ICKTPUIHOT MEPEKI 3aTalIbHOT0 KOPUCTYBAHHS
MO>KHA MIJIKJII0YAaTH O€3MOCePEeHbO T1 ABUTYHH, IIyCKOBA MOTYXKHICTh SIKUX MEHIe 22
kBA. Ile BiamoBimae mpubnm3zno 3 kBT. Tomy, mpu mycKy IBHWTyHa IOTY>KHICTIO
O11BIIOI0, HIXK BXKe 3rajiaHi 3 kBT, HEOOX1THO 3MEHIIUTH a00 YCYHYTH KUJOK CTPyMY
OJIHUM 13 HACTYITHUX 3ac00iB [2]:

Ilyck 0sueyna 3 Kopomko3amKHymuM pomopom GUKOHYEMbCI 3a OONOMO2010

- 3aCTOCYBaHHSIM CTapTepa,

- IEPEMUKAHHAM PEXKUMIB 31pKa-TPUKYTHUK;

- aBTOTpaHCHOPMATOPOM,;

- HaIiBIPOBITHUKOBUMU PETYJISITOPAMU HAIIPYTH;

- CTIeIaJbHOI MOIU]IKAIIEIO0 KITITKH,

- IIOABIMHOIO KJIITKOIO.

1lyck 0sueyna 3 ghaznum pomopom:

- 32 paxyHOK 3MIHH [TOBHOTO aKTUBHOT'O OMOPY POTOPA.

Pezynrweannsa wieuoxocmi acunxponnozo E/[

VYrpaBiaiHHS 4acTOTOIO OOEpTAaHHS JBUTYHA MOXE OyTH peani3oBaHO KITbKOMa
criocobamu. 3MiHa KOB3aHHS, IO JIy’K€ HEEKOHOMIYHO, a00 3MiHA YHCIIa MOJIOCIB, IO
MPU3BOJIUTH 10 CTYMIHYACTOIO PETYJIIOBAHHS 1, HAPEILTI, 3MIHOIO IIBUAKOCTI MarHiTHOTO
noJisi cratopa. OCTaHHE PEryJIIOBaHHS 3/IHICHIOETHCS TIEPETBOPIOBaYEM 4acToTH [2].

llepemuxannsam nonrocis

3MiHa KUIBKOCTI MOJIFOCIB JI03BOJISIE€ PETYJIIOBATH IIBUIKICTh TIIBKU CTYIIHYACTO,
MPUYOMY KUTBKICTh CXO/11B HEBEJIMKA, 3a3BUYAl CTYIICHIB J1Ba. bibia KijbKiCTh TIOJIIOCIB
notpebyBasia 0 CKJIaAHOI KOMYyTarlii 1 3poOuja MPOIMOHOBAHY MaIIUHY JOPOXKYOIO.
TunoBuMHU NpUKIIATaMU ACHHXPOHHOTO JBUTYHA 3 BOMA CTYIICHSIMH € cTapi JQTH, 1110
TaJIbMYIOTh 0€3M0CEepeIHRO Tepe]] 3yMTMHKOIO B MYHKTI IpU3HAYeHHs, 00 cTapi nmpajibHi
MaIlluHU, JIe U1 3MiHM pekuMy (TIpaHHS Ta TOJIOCKAHHS) BHKOPHUCTOBYBAJHUCS JIBa

CTYIIEHI.
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3MIiHO0 KOB3AHHA MA HANPY2U HCUBTICHHS]

PerymioBaHHs HIBUAKOCTI 3MIHOIO KOB3aHHS B KUTBIIEBUX JIBUTYHAX, BKIIOUCHHSIM
OTIOPY B JIAHLIIOT pOTOpaA JIy>KE€ HEEKOHOMIYHO, OCKIIBKY 3HOLIYIOTBCS KIJIbIIS Ta LIITKH.

Jlis OBUTYHIB 3 KJIITKOIO 3MIHOIO KBajpara HANpyTrd >KUBJICHHS 3MIHIOIOTH
KPYTHUH MOMEHT JABHUIYHa, a pa3oM 3 HUM 1 00epTH. lle ymnpaBiiHHS B OCHOBHOMY
BUKOPHUCTOBYETHCS JUIsl TAK 3BAHOTO IIJIABHOTO 3aITyCKY.

3minoro nanpyau ma yacmomu

[lefi Tun yOpaBliHHA 3aCTOCOBYETHCS BIAHOCHO HEJOBro, HOro MoYalu
3acTOCOBYBaTH 3 po3poOkoo IGBT-TpaH3ucTopiB, 34aTHUX KOMYTYBaTH BEJIHUKI
MOTYKHOCTI Ta MATPUMYBATH NPUUHITHY IIBUJKICTh NEPEMHUKAHHS.

Takum uymHOM, mouunbHUM € po3risa ITY sk mepeTBoproBau MOTYKHOCTI AJist

JOCIT)KYBaHOTO €JIEKTPOO0OIIaIHAHHS.

1.3 PeryaioBanHsi IBUAKOCTI A/l 32 10IIOMOTI010 NEPEeTBOPIOBAYIB YACTOTH

Ilpunyun po6omu nepemeoprosaua uacmomu

Ile kepyBaHHa 0e3 BTpar, IpH SIKOMY €HEpris, IO MHIABOAUTHCS 10 CTAaTOpa,
HAJIXOJUTH B1JI JKEpEia 31 3SMIHHOIO YaCTOTO0. J{J1s1 perymoBaHHs MIBUIKOCTI HEOOX1THO
NIATPUMYBATH TIOCTIMHE CHIBBIJHOLIEHHS HANpyrd KuBleHHs 1 dvactotu (1/1=
KOHCTaHTa). SIKmo 30epiraTd 1€ CHiBBIAHOIICHHS MOCTIMHUM, MarHiTHUM TOTIK 1
MEXaHIYHUI 1 KPYTHUIM MOMEHTH JBUTYHA OyIyTh MOCTiiHUMU. Lle BUKOpUCTOBY€ETHCH,
HANPUKIIAJ, B TPAMBAasX, /1€ BUT1THO MaTH MaKCUMAJIbHUN KPYTHHUH MOMEHT, JI0 TIEBHOI
MIBUIKOCTI (2 3HaYUTh, 1 BETUYMHY OOEPTIB) 1 TUM caMUM 3a0€3MEYUTH MaKCUMAaILHO
MOKJIMBE TNpHUCKOpeHHs. [licns MOCSATHEHHS MEBHOI BEJIWYMHU YacTOTH, 3POCTaHHS
HaIPYTy NPUIUHSAETHCS (3a]aHe KOHCTPYKIIIEIO IEPETBOPIOBAYA) 1 301JIbIITYETHCS TUIBKU
yactoTa. JIBUTYH IOYMHAE TacUTU 30Yy/UKEHHS, KPYTHHUH MOMEHT, TinepOoiyHO
3HUKYEThCS, @ TOTYXKHICTh, fKa JO0 IOTO 3pocTajia JiHIMHO, cTabumi3yeThes. Lls
MOBEJIIHKA Haraly€ MOCIiIOBHUM JBUTYH MOCTIMHOTO cTpyMy. ToMYy 1ie¥ IPUBiJ IIUPOKO

BUKOPUCTOBYETHCS B CIEKTPUUHIH TA31 [4].
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Tunu nepemeoprosauie wacmomu

[lepeTBOproBayi 4acTOTH BHKOHYIOTHCS B JBOX OCHOBHHUX BaplaHTax: MpsiMi Ta
HeTpsMi IEPETBOPIOBAYI.

[Ipsimi  mepeTBOpIOBaYl YacTOTH CKJIAJAIOTBCA 3 YOTUPHOX 1HBEPTYIOUUX
TUPUCTOPHUX BUIPSIMIISIUIB, K1 MEPEMHUKAIOTh BXIJHY YaCTOTY JJIi CTBOPEHHS 1HILO1
BUX1JTHOT YaCTOTH. TakuM YMHOM MO>KHA CTBOPUTH BUXIJIHY YacTOTy 10 25% BiJ] BX1JIHO1
YacTOTH, TOMY Il TEPETBOPIOBAaYl BUKOPHUCTOBYIOTHCS [UIsI TOBUIBHO TMPALIOIOUUX
JIBUTYHIB 3 BEJIUKOIO MOTYXXHICTIO. Y MaTpUYHUX I1HBEPTOpPaX BUKOPUCTOBYIOTHCS
3amuKaroul Tpanzuctopu ado tupuctopu GTO, 1m0 103BOJISIE TOCATTH BUX1THOI YaCTOTH
BHUIIIE BX1JIHOI.

Henpsmi nepeTBoproBadi 4actoty [5] (3 mpoMi>KHOO JTAHKOIO MOCTIHHOT HATIPYTH)
MalTh TPU OCHOBHI YaCTHMHU: BUIIPSAMIISY, MPOMIKHA JaHKa MOCTIMHOI HANpyrd Ta
1HBepTop 3 Tpan3zuctopamu IGBT.

HaiiBimomimmmu Ta HalO1IBII BUKOPUCTOBYBAHUMU € HEMPsIM1 MIEPETBOPIOBaYi 3
IMPOMIXKHOIO JIAHKOKO TOCTIMHOI Hampyru (puc. 1.5). B sKocTi BuUIpsMiisiua MOXHa
BUKOPUCTOBYBATH MIECTUITYJIbCHUM BUTIPSIMIISIY B OUTBIII JICIIEBUX BaplaHTax, a B OUIbII
JIOPOTUX BapiaHTax II€H BUOPSMIIAY TAKOX JO3BOJSIE TIOBEPTATH CHEPril0 Haszal B
Mepexy. [IpoMi>KHUI JTaHITIOT HAMPYTH YTBOPEHUM €JIEKTPOJITUYHUM KOHACHCATOPOM,
JIOTIOBHEHUM TaJbMIBHUM PE3UCTOPOM, SIKMM BHUKOPUCTOBYETHCS MJIsi TajJbMyBaHHS
IBUTYHa 0e3 pekynepauli. Y TpudazHoMy 1HBepTopi 3 Tpansuctopamu IGBT
BUKOPUCTOBYETHCS CHHYCOiJalbHa IMMUPOTHO-IMITybcHAa Moyt (IIIM), sxa
MOJIATa€ B MONEPEMIHHOMY MMIJIKIIFOYEHHI HABAHTAXXEHHS 10 HAPYT'H MPOMIXKHOI JIAHKH,
3aBIKM  XapaKTEpPUCTUKAM  IHAYKTMBHOTO  HABAaHTAXCHHS  MPOTIKAE  Maibke

CHUHYCOINQJIbHAN CTPYM.
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Pucynok 1.5 - CtpykTypa nepeTBoproBada 4acTOTH 3 IPOMIKHOIO JTAHKOIO

NOCTIHOT HanpyTH [5]

Buou xepyeannsa osuzynom 3acooamu nepemeoprosaua 4acmomu

Cransapuuu KoHmpoib

Ile HalOLIbII BUKOPUCTOBYBAHE KEPYBaHHS, AK€ 1HOJI HA3UBAIOTh KEPyBaHHSIM
TUIy Hampyra/dactora. [lepeBara 1poro MeToly KepyBaHHs IOJIATa€ B MOXJIMBOCTI
KEpyBaHHA y BIIKPUTOMY KOHTYP1, TOOTO 0€3 3BOpOTHOTO 3B's13Ky. [loBitOMIsETHCS, 1110
noHaa 90% peryjibOBaHUX ACMHXPOHHUX JBUTYHIB Y MPOMHUCIOBOCTI KEPYIOTHCS
CKaJIIPHUM KEepyBaHHSAM 0e3 3BOpOTHOTO 3B's13Ky [4]. Hemoikom 1bOro KepyBaHHS € Te,
10 BOHO HE JIOCSTA€ TAKUX XOPOILIUX PE3yJbTaTIB y PEryJIIOBaHHI CTATUYHOI TOUYHOCTI
peryioBaHHs Ta JUHAMIKA TPUBOMY, SK 1HII METOAM KEPyBaHHS, 3a JIOMOMOTOIO
BBEJICHHS 3BOPOTHOTO 3B’s13Ky Ta BUKopucTaHHs [1l-perynsitopa, ne cTaTuyHa TOYHICTh
3HAYHO MOKPAILYEThCS, aJie TUHAMIYHI BIACTUBOCTI IIPUBOJIAa BCE 1€ HE TaKl e(heKTUBHI,
SIK 1HIII TUIA KEPYBaHHS.

CkansipHuii KOHTPOJIb MOJISTa€ B PEryJIIOBaHHI MOCTIHOI MarHiTHOroO MOTOKY B
JBUTYHI, IO 3a0€3MeuyeThCs MIATPUMAHHAM TOCTIHHOTO CHIBBIAHOIICHHS BXI1JIHOI
Hanmpyru Ta 4actoTH. Ha HU3BKMX YacTOTaX HEMOXJIMBO MIATPUMYBATH IOCTIHHUIMA
MarHiTHUM TMOTIK JABUTYHA, 1, OTXKE€, KPYTHUM MOMEHT y MLl 30H1 3MeHInyeThcs. Ha

BHUCOKHUX YaCTOTAX HCMOIKIIMBO ITPOJOBIKYBATH 10ro 301IbIIEHHS qgcpe3 3aHaJITO BUCOKY
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HANpYyTYy, 11€ IPU3BOIUTH 0 PIBHOMIPHOTO 3MEHILEHHS KpyTHOro MoMeHTy. Ha pucynky

1.6 HaBeeHa XapaKTEPUCTUKA MOMEHTY JIBUTYHA 31 CKaJSIPHUM KepyBaHHSIM.

1\M 200V/25Hz 300V/37.5Hz 400V/50Hz

100V/12.5Hz / / /
/

400V/62.5Hz

7 400V/75Hz
A

25%  50% 75% 100% 125% 150% —p

Pucynok 1.6 - [TagiHHsS KpyTHOTO MOMEHTY IPH CKasipHoMY perymoBanni AJl [4]

Bexmophe kepyeanns

[Ipn BEKTOpHOMY KEpyBaHHI HEOOXIJIHO KOHTPOJIOBATH HE TUIBKH 3HAYEHHS
MarHiTHOTO BEKTOpPA, a TAKOX MOJIOKEHHS 00epTaHHs. BekTopHe KepyBaHHS NOIISETHCS
BIJINOBIJTHO JI0 CIIOCO0Y OTpUMaHHs iH(OpMaIlii PO MOJOKEHHSI BEKTOPAa MarHiTHOTO
MOTOKY, Ha IPSIMUH 1 HENPSIMUI METO/IH.

[Ipstmuil MeTO - BEKTOP MarHiTHOTO MOTOKY OTPUMYETHCS 3 HAIIPYTH cTaTopa Ta
CTpyMiB. SIKIII0 HAassBHOIO € MaTeMaTUyHa MOJIENb JIsl PO3PAXyHKY KOB3aHHS, 10/1aTKOBI
BUMIPIOBaHHS IIBUAKOCTI a00 MOJIOKEHHS POTOpPa HE MOTP1OHI.

Henpsimuii MeToJ1 - BEKTOp MAarHiTHOTO OTOKY PO3PaxOBYETHCS 3 MaTEMaTHUHOL
MOJIEN1 PO3paxyHKy KOB3aHHS Ta MOJIOKEHHS pOTOpa, 1110 TSATHE 332 COO00 HEOOX1AHICTh
BUMIPIOBAHHS TIOJIOKEHHSI poTopa. JlaTyumk TMOJNIOKEHHS pOTOpa TaKOX MOXKHA
BUKOPHCTOBYBAaTH JJIsi PETYJIOBaHHS INBHAKOCTI Ta ToJoxeHHs. Pl-perymstop
BUKOPHUCTOBYETHCS ISl PETYJIIOBAHHS IIBUIKOCTI, SIK 1 B CKAJSIPHOMY pETyJIIOBaHHI,

TIBKH Pl-perynsTop BUKOPHUCTOBYETHCS JIJIsi KEPYBaHHS MOJI0KEHHSM.
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LTiompumanusa momenmy

JUis 1bOTO METOAY BaXXJIMBO MaTH B HAsSBHOCTI TOYHY MOJAenb ABuryHa. Lle
BU3HAYAETHCS MM Yac 1ACHTU(]IKAIINHOTO 3aMMyCcKy, SKUW BUKOHYETHCS, KOJIU JIBUTYH
BCTaHOBJICHO B nporpami. KpyTHuii MOMEHT JBUTYHA (OPMYETHCS BEKTOPHUM 100y TKOM
BEKTOpa MArHIiTHOTO TOTOKY cTaropa 1 poTopa. SKIIo MiATpUMYBaTH TMOCTiHHE
a0COJIIOTHE 3HAUYEHHS IOTOKY CTaTOpa, KPYTHUM MOMEHT Oy/1e IPOMOPIITHUM BETUYHHI
KyTa MOTOKY cTaropa Ta portopa. Ilig yac imeHTH(IKaLIHHOTO MPOTOHY KOPUTYIOTHCS
OCHOBHI MapaMeTpu Mojieli ABUryHa. [IpsiMe kepyBaHHS KPYTHUM MOMEHTOM BHMAarae
MOTY>KHOTO MiKporiporecopa. [[puHiun nossrae B CTBOPEHHI 00EPTOBOIO MArHITHOTO
MoJIe CTaTopa 3 MOXJIMBICTIO KEPYBaHHS IIBUIKICTIO OOE€PTaHHS I[bOTO MOJIS 1, TAKUM
YMHOM, MOMEHTOM JBUTYHA. Lle kepyBaHHs 3a0e3neuye 1yXe XOpOIlll Pe3yJIbTaTH s
JTUHAMIYHO-BUMOTJIMBHX CHCTEM, ajie MpobiieMa IbOT0 KEPyBaHHS MOJSATa€ B HU3BKiM

HIBHIIKOCTI peBepcy [4].

TI'anomysannsa 06uzyna 3a 00nomMo2010 nepemeoproeaia 4acmomu

[TepeTBOprOBaYl YaCTOTH JIO3BOJISIIOTH TAJIBMYBATH JABUTYH IMOCTIHHOIO HAPYTOIO
[1. Leti MeTo rambMyBaHHS! BUKOPUCTOBYETBCS JUIsl 3yIIUHKU poTopa. J{Jis yrmoBiibHEHHS
BHUKOPHCTOBYETHCS T€HEPATOPHE rajibMyBaHHs [5], onucaHe y momepenHix po3aiiax, mi
4ac SIKOT0 YacTOTa MOCTYIOBO 3MEHIITY€EThCS 1, TAKUM YMHOM, CHHXPOHHI 00€pTH TaKOXK
3HIKYIOThCS. TakuM YHMHOM JABHUTYH MEPEXOANTh y CTaH T€HepaTtopa, a MepeTBOproBay
MIATPUMYE 1IE¥ CTaH 10 3yNMHKY Bajia [BUryHa. [Ipy ynmoBUIbHEHH] IBUTYHA, IO € O1IBIII
BUMOIJIMBUM, MPOMDKHA JIAaHKA TMOCTIMHOI HAlpyrd TeHepye BIANOBIAHI IMIYJIbCH,
JUKEpEJIOM SIKMX € 3TeHepoBaHa JBUTYHOM eHepris. Ll mpoGnema Bupinryerbes
MIIKITIOUYCHHSAM PE3UCTOpa, HA SKOMY HAJJIUIIOK TMOTYXKHOCTI TMPOMDKHOI JIAaHKU

NIEPETBOPIOETHCS B TEIJIOBY €HEPTIIO.

1.4 3aagaui moaepHizaii

3a pe3yJibTaTaMu aHaIi3y XapaKTEPUCTUK Ta peXuMiB podoTu AJl, mpoBeneHoro y
MOTIEPETHIX MYHKTaX, BAMOTaMU JI0 CUCTEMU KePYBaHHS JIBUTYHOM €:

- IIMPOKUH Jl1ana30H peryJitoBaHHs 00€pTIB JIBUTYHA;
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- MOXKJIUBICTh HMIATPUMAHHS MOCTIHHOT IIBUKOCTI/MOMEHTY;

- KOHTPOJIb CTPYMY JIBUTYHA;

- KOHTPOJIb TEMIIEpATypu OOMOTOK CTaTOpa 3ac00M 0OUMCIIOBAIBHOI TOTYKHOCTI
NEepEeTBOPIOBaYa MOTYXKHOCTI;

- IJTABHUM TTYCK;

- peasizailisi TOYHOCTI TO3UIIIOHYBaHHS poOOYOro OpraHy MexaHi3My 3a paxyHOK
TUTABHOCT] BUKOHAHHS 33/IaHUX PEXHUMIB pOOOTH IBUTYHA;

3 ypaxyBaHHAM Cc(OPMOBaHUX BHUMOI 1O CUCTeMH KepyBaHHS AJl, 3amaui
MOJIEpHI3allli € HACTYITHUMH:

1) TIlpoBect BuOIp  BIANOBIZHUX  E€JIEMEHTIB  CHCTEMHU  KEpyBaHHS
€JIEKTPOJIBUTYHOM.

2) OOpatu BH3HA4YEHI MOJENl TpU(PA3HOIO ACHHXPOHHOIO [IBUTyHAa Ta
NepeTBOprOBaya YacTOTH.

3) Po3pobutu cxeMy eJeKTpUYHY NPUHIIUIIOBY €JIEKTPOIPUBOY.

4) Ha ocHOBI C()OPMOBAHOI CUCTEMU EJIEKTPONPUBOY, HABECTU XAPAKTEPUCTUKY
MPOTIKaHHS BIAMOBIAHOTO TEXHOJIOTTYHOTO IIPOIIECY.

5) ChopmyBaTu BUCHOBKH 3a pe3yJibTaTaMu MOJAEpPHI3allii.

201JIA4 TA BUBIP EJIEMEHTIB CUCTEMU KEPYBAHHA
EJIEKTPOITPUBOJOM

BiamoBinHo 10 XapakTepucTuku pexumiB ekcruryaramii AJl, chopmoBanoi y
nonepeaHLOMY PO3AUT, Jali HABEICHO BIAMOBIIHI €JIEMEHTH CHUCTEMHU KEepyBaHHS

JIBUTYHOM.

2.1 MoayabHa cucrtema IIJIK CONTROLLOGIX

Ils cucrema Bmepie mpencraBieHa kommnaniero Allen Bradley y 1999 pomi Ha
["anHOBepchkomy popymi. Okpemi MOyl MOMIIIAIOTHCS B KOPIYC 3 OJIOKOM KUBJICHHS,
KOPIYC BHUTOTOBJISIETBCS ¥ pi3HUX po3mipax: 4, 7, 10, 13 1 17 momyniB. Po3ranryBanHs

MOJYJIB y KOPIyCl € JOBUIBHUM, MOXXe OyTH OLIbIlle OJHOTO Mporecopa. Y IbOMY
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BUITAJIKY KOXKEH TIPOIIECOP MICIS 3aBAaHTAKEHHS CBOEI MPOTpaMH IIyKa€ MOMYJ, IKUMU
BiH KepyBaTHMe, 1 3aBaHTaXy€ J0 HUX KOH(DIrypaIiiiHi AaHi, 1l JaHi BU3HAYaIOTh METO]I
1 mepioa komyHikarii. Cucrtema JI03BOJISIE BCTABIIATH 1 3HIMATH MOAYJI a00 iX KJIEMHHUKHU
mig yac po6otu mamuHu. [Ipu HEoOXiAHOCT1 OUTBINOI KIIBKOCTI MOIYJIB OJOK MOXHA
MIJKIIOYUTA 10 OJHOTO 3 KOMYHIKalIMHUX OJIOKIB, HaWyacTilie dYepe3 Mepexy
ControlNet [6]. Tyt BukopuctoByeThcst ControlBus mis BHyTpimHbOTO 3B's13Ky. OKpiM
METOJy 3B’A3KYy KI€HT/cepBep (AJi1 mepenadl HEKpUTHYHHMX 32 YacoM JIaHUX), L
napayienibHa 64-po3psiHa MHA TaKOX BUKOPUCTOBYE METOJ BUPOOHHUK/CIIOKUBAY (7151
nepejayl MUKIIYHUX KPUTHUYHHUX 3a 4yacoM AaHux). [lepeBaroro TakoK € MOKIUBICTh

HaJaHHS JaHUX 13 MITKOIO Yacy. ¥Y ¢l MOAYJIl MalOTh OHAKOBI MTpaBa AOCTYIY JI0 IIUHH.

Ilpouecop ControlLogix 5561

L1e mportecop i3 cepii ControlLogix 556x [7] 3 2 Mb nam’sti kopuctyBaua, 64 Mb
nam’sti CompactFlash qist pesepBHoro komniroBanHs mporpam, kosu [IJIK BumkHeno. Le
NOTYKHUU TMpolecop, KU miaTpumye oOpoOky mo 32 3aBmanb. [Ipomecop Takox
BKJIIOYAE amapaTHy Ta MPOrpaMHy 1arHOCTHKY. MoJyslb MOXKHa HpOrpaMmyBaTH 3a
JIOTIOMOTOI0 ~ iHTerpoBaHoro iHtepdeiicy RS-232 abo 3a A0MOMOror 1HIIOTO
komyHikamiitHoro Mmoayist (Ehernet/IP, ControlNet, DeviceNet Tomio) y 6ori. [lam'sats,
3ape3epBOBaHa JIJIsl BXOJIIB 1 BUXO/1B, Mae po3mip 478 Mb, Tomy MokHa MIAKIIOYUTH 10
128 000 mudposux i 4000 anamoroBux BxoMiB i BuxoAiB. s poGoTu Momyns He
noTpiOHa pe3epBHa nam’sitb CompactFlash abo 6arapes, ane B iboMy BUIAJIKY 13 JaHUX
pPE3epBHOI MaM 4TI He OyIyTh CTBOPEHI PE3EpBHI KOMii MpOrpam 3 pesieliHOI0 CXEMOIO
(PC), crpykrypoBanuM TekcToM, (QyHKUIOHanpHUMU Onokamu (DB) Ta/abo
dbyHKIIOHATPHUMHU  AiarpamMamu  niociigoBHocTi (DJIIT). XapakTepucTuky MOMYJIs

HaBeIeHO y Tabiuil 2.1 a 30BHINIHINA BUTJIAI HA puc. 2.1.
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Tabmuus 2.1 - Xapakrepuctuka [TJIK CONTROLLOGIX [9]

[TapameTp 3HavyeHHs

[Tam'siTh KOpUCTYBaua 2 Mb

Pe3epBHa nam'sth 64 M6

InTepdeiic 3B'13Ky RS-232

Makc. KiUTbKiCTh IIM(POBUX BXOIiB/BUXO/IIB 128 000

Makc. KiTbKiCTh aHAJIOTOBUX BXOJIiB/BUXO/IIB 4000

[Tam'ssTE BBEZIEHHA/BUBEIEHHSI 478 Ko

MinHicTh 1301l 30 B mocriitao, 707 B mpotsirom 60 cexyH

Maca 0,32 kr

Innexc remneparypu IEC T4 (makc. moctiiiHa Temmeparypa MOBEpXHi
135°C)

Karanoxuuit Homep 1756-L61A

Pucynok 2.1 - Moayns 1756-L61 A

Mooynv Ethernet/IP

[Tizpo3nin 2.2 npucesueno mepexi EtherNet/IP, tomy 3apa3 e 6yae mpoBoauTHCS
roro aetanbHmii onmc. Ciif JuIne 3a3HAYWTH, IO IS MEPEkKa, MOBHICTIO CyMICHA 3
Ethernet BukopuctoByethcsi B cdepi iHpopmariiiaux texnonorid (IT), 1 il exuna
BIJIMIHHICTH TIOJISITAE€ B TIPUKJIQTHOMY PiBHI, SIKUM 3a0e31euye 0e3neKy Ta BiANOBIAHICTh
y PEXKHMI peandbHOro yacy. XapakTEepUCTHKy MOJIYJsl HaBeAeHO y Tabmuumi 2.2 a

30BHIIIHIN BUTJISA] TOKA3aHO Ha puc. 2.2.
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Tabnuus 2.2 - Xapakrepuctuka moaynst 1756-ENBT A [8]

[TapameTp 3HavyeHHs
[IBuaKicTh Nepeaadi 10/100 M6it/c
Makc. KiTbKiCTb JIiHIH 3B'S3KY 128 Logix, 64 TCP/IP
Crnio)xrBaHa MOTYXHICTh 3,65 Bt
MinHicTh 13011l 30 B mocriitao, 707 B mpoTsirom 60 cexyH]T
Pos'em nopty RJ45, kareropisi 5
Karanoxuuii Homep 1756- ENBT A

Pucynok 2.2 - Moayne 1756-ENBT A

Mooyns HSC

Moayab MBHIKOTO JYWIbHHAKA [8] MICTUTH 1Ba HE3aleXHI KaHAIBHI IIBHIKI
JIYWIBHUKY IS MOHITOPUHTY Jy’K€ IIBUAKUX OIEepaniid, Takux sSK BHUXOIU BIJ
IHKpEeMEHTHHX KoJiepiB a00 BHUXOAM I1HIIMX JIYWIbHUKIB. KaHamu KOXHOI mapu
JIYMILHUKIB TO3HA4YeHO: A, B 1 Z, fAKI TOYHO BIAMOBIJAIOTH BHXOAaM JaT4YHKa
IHKPEMEHTHOTO MOJI0KeHHs. KopucTyBayueBi JOCTYIHI JIBa MPOrpaMOBaHUX U(PPOBUX
BUXOJM JJIA KOKHOTO JiumibHUKA. L{i BUXOmU KepyroThcs Oe3mocepeHh0 MOAYJIEM
JIYWIbHHUKA 1 TOMY HE 3aJeXaTh BiJ mporpamu, 1o BUKoHyeTbes B IIJIK. JliunnbHuK

peaizye 4YOTUPU BapiaHTU PEKUMIB POOOTH.
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Peosicum nivunvruxa

3aBaHTa)KeH1 IMITyJIbCH HAAXOIATh Ha BXiA A, 1 craH Bxoay B Bu3Hauae, un
BEJICTHCS BIIJIIK YrOpy UM BHM3. [HIIMI BX11 Z MOkKe MaTHU HACTYITHI YOTUPH (DYHKITIT:

1) STORE/CONTINUE: npu HapocTarouomy (GpOHTI CUTHATY Ha BXO/i Z IIOTOYHE
3HAUEHHA JIYMJIBHUKA Tiepe3anucyeTbcsi B perictpi 3axoruieHHs STORE, 3Binku
KOPHUCTYBa4 MOX€E BUIYUYUTH HOTO Ta BAKOPUCTOBYBATH IS 1[IeH kepyBaHHs. UnTaHHsS
MIPOJOBKYETHCS HE3aJICKHO BiJ Ii€l omeparii.

2) STORE/WAIT/RESUME: ust GyHKIIIS BIAPI3HAETHCS Bl MOMEPETHBOTO JIUIIIE
THM, 1110 Ha Yac /il CUTHAIY Ha BXO/1 Z MiApaxXyHOK IMITYJIbCIB HA BXOJ1 A TPUIUHSAETHCS
1 TOYMHAETHCSA 3 HAJAXOKEHHSIM CIIaIHOTO (DPOHTY CUTHAIY Ha BXO/I1 Z.

3) STORE-RESET/WAIT/START: npu HapocTarodoMy (HpOHTI CUTHATY Ha BXO/I
7 mepe3anucyeThes MOTOYHE 3HAYCHHS, a MAPaXyHOK MPU3YTHUHSAETHCS 1 TOYNHAETHCA 3
HAJXO/DKCHHSAM CIagHOTO ()POHTY CUTHANY Ha BXia Z. BiIMIHHICTH BiJ MONEPeIHBOL
GyHKIT oyisirae B CKUJaHHI JIYUIbHUKA 32 JOTMOMOTOI0 NEPEIHBOr0 (PPOHTY CUTHATY
Ha BXoi Z.

4) STORE-RESET/START: 3 Haax0/pKEHHSIM MEpeIHbOro (PpOHTY CHTHAIy Ha
BX1J] Z TOTOYHE 3HAYEHHs JI4YWibHHUKA 3uuTyeThcs B perictp STORE, miumnbHUK
CKUJIA€THCS 1 HETAHO TMepe3aryCKaeThCsl HE3aJIeKHO BiJl TPUBAJIOCTI CUTHATY Ha BXOJI1
Z.

Peoswcum X xooepal

3wmimieni no ¢asi Buxoau A 1 B ekonepa migkimtouaroThes 10 BxoiB A 1 B. Ilicns
3aMKcy BChOrO IMEpPIOAY Ha 000X BXOJlax 3HAYEHHS B JIUYWIBHHUKY 301IbIIYETHCA a00
3MEHIITY€THCS B 3aJICKHOCTI BiJl TOTO, B IPSIMOMY UM 3BOPOTHOMY HAMpPSIMKY 00€pTaAETHCS
SHKOJIEp, JIIYMIIBHUK caM JIEKOAYye 1ieil HanpsMoK. Bxin Z Mo)kHa BUKOPUCTOBYBATH TaK
camo, K 1 B peKUMI JIIYUIbHUKA.

Peoicum X xooepa4

Ileir pexuM BIIPIZHAETHCS BiA IONMEPEIHBHOIO JIHUINE THM, IO 3HAYCHHS B
JYWIBHUKY 30UIBIIYETHCS a00 3MEHIIY€EThCs Ha Oylib-aKkoMy (poHTI curHainy A uu B.

[1e pimeHHs MPU3BOAUTD 10 YOTHPUKPATHOTO 30UTBIIICHHS PO3IUTLHOT 3IaTHOCTI KOJIepa.
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Yacmomuuii pexxcum

VY mmpoMy pekuMi Ha BXiJ A TTOTa€Thes MOTPIOHMIA CUTHAM 1 3HAYCHHS JITYUITbHUKA
BIJIMOBIIa€ TIEPi01y BXITHOT'O CUTHAITY.

Xapakrepuctuka monyns HSC HaBenena y Tabmumi 2.3 a 30BHINIHIA BUTIIS

MOKa3aHo Ha puc. 2.3.

Tabmuus 2.3 - Xapakrepuctika Moayss Jiunmibanka 1756-HSC A [8]

[TapameTp 3HaYEeHHs
KinpKicTh JTIYUIBHUKIB 2
KispKicTh BXOJ1iB KO)KHOTO JIIYMJIBHUKA 3(A,B,2)
Kinpkicth ndppoBHX BUXOJIIB 4 (mo 2 Ha KO’)KHOMY JIIYUJIbHUKY)
Bxigna Hanpyra 4,5-5,5 B abo 10-31,2 B
BxinHi ctpymu 300 MA mig 5,1 Bi3 MA o1 24 B
MitHicTh 130JIsii 125 B - tpuBano, 1700 B - kopoTtkouacHo (1 ¢)
Bxinna gyacrora Pexxum miunnbHuka 1 MIm;

Yactotuuii pexxum 500 kI'1x;
Pexxum konepa 250 xI'p X1, X2,

Yac nepeMUKaHHS BUXOLY 20 MKC - TOCTIHHUH;

50 MKC - MaKCUMAaJILHHUH.
Yac BIIKpUTTS BUXOIB 60 MKc - TTOCTiiHMIA;

300 MKC - MAKCHMAJIEHUH.
Karanoxuuit Homep 1756-HSC A

Pucynox 2.3 - Moaynes 1756-HSC A
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Mooyns nociunux euxoois

JloriuHi BUXOAM BUKOPHCTOBYIOTHCS B IPOMHUCIOBOCTI JJIsi CHUTHam3aiii abo
YIpaBJIiHHS MpolleCaMH, HANPHUKIAJ, I1HIUKATOPH PI3HUX CTaHIB MPUCTPOIB abo
CIpaIbOBYBaHHS PI3HUX peiie. MOAysb JIOTIYHOTO BUXOMY, SKHH PO3TISTAETHCA B
JTAHOMY BUIIAJIKY, MICTUTb IIICTHAALSITH BUXO/IB Y IBOX I'pynax. Mo 1ysib TaK0X MICTUTb
MepEeJIHIO TaHEeIb 3 1HIMKAIIEI0 CTaHy OKPEMHUX BHXOIB 13 caMoiarHOCTHKO0. KoxeH
BUX1/1 IOBOAUTH ce0Oe K MEePEeMUKAIOUNI eIEMEHT 3 YHIMOJISIPHUM TPaH3UCTOPOM, STKUN
31aTHUM niepeMukatu Hanpyry 10 30 B nmoctiitHoro ctpymy Ta ctpym 2 A (4 A 3a 10 mc
3 mepiogoM 1 ¢). Yci BUX0AM ONTUYHO PO3/IUJICHI. XapaKTEPUCTUKY MOJYJIsl HABEACHO Y

Tabnuill 2.4 a 30BHIIIHIN BUTJISLA MOKa3aHO Ha puc. 2.4.

Tabmuns 2.4 - XapakTepucTHKA MOJTYJIS JIOTIYHUX BXOiB/BUX0/IiB [8]

[Tapamerp 3HaueHHs
Kinpxicte BUXOIIB 16
Poboua Hampyra 19-30 B mocrTiitHOTO CTpyMY
Yac nepeMHUKaHHs 1 mMc
Yac BIAKPUTTS 5 mc
Makc. cTpyM depes OJuH BUXiJ 2A, 4A npotsrom 10 mc 3 mepiogom 1 ¢
MIilHICTh 13011111 250 B, 2546 B nocTiitHOro cTpyMy npoTsirom 1 ¢
Karanoxuuii Homep 1756-OB16D A

Pucynok 2.4 - Moayns 1756-OB16D A
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Mooyns nociunux 6xo0ie

[udpoBi BUXOAM BUKOPHUCTOBYIOTHCS B TMPOMHCIOBOCTI Uii MOHITOPHHTY
JUCKPETHUX TMOJINA, HANpHUKIad, 3aMUKaHHS KOHTAKTOpa a0o0 aKTHBAlllsd KIHIIEBOTO
BUMHKaJa. JloriyHWI MOy BXO[IB, IO BUKOPHCTOBYIOTHCS B JIaHOMY BHIAJKY,
MICTUTb HIICTHAAATE BXO/IIB Y IBOX TpyNnax, MOAYJIb TAKOK MICTUTb MEPEAHIO TTAaHENb 3
IHIUKAIIIE€I0 CTaHy OKPEeMHMX BHMXOJIB 1 camojaiarHOCTHKHU. JIjisi Toro, mo0O BXia OyB
aKTUBOBAHHH, T0O HHOTO TTOBUHEH OYyTH 3aCTOCOBAHHM JIIYMIBHUK HAMPYTH 3a3€MJICHHS
cuctemu 10-30 B. ITpu HE0OX1THOCTI TaKOX MOKHA BCTAHOBUTH ITM(poBUit GiasTp. Yci
BXOJIH, 3BUYAHO, ONITUYHO PO3JIUICHI. XapaKTepPUCTUKY MOJIYJIsl HABEJEHO Y Ta0muI 2.5

a 30BHINIHIN BUTJIS] TTOKA3aHO Ha puc. 2.5.

Tabmun 2.5 - XapakTepucTrKa MOJTYJIs JIOTIYHHUX BXoAiB Moayias 1756-1B16 A [8]

[Tapamerp 3HaueHHs
Kinpxicts BXOaiB 16
Poboua Hampyra 10-30 B mocrTiifHOTO CTpyMY
Yac nepeMHuKaHHS 1 mc+ diasTp (0, 1, 2 MC)
Yac BiAKITIOUEHHS 2 mc+ dimetp (0, 1,2, 9, 18 mc)
Makc. cTpyM npu aKTUBHOMY BXOJI1 10 MA
Makc. BXiIHUH omip 3,12 kQ
MIiLHICTh 13011111 250 B, 2546 B nocTiitHOro cTpyMy npoTsirom 1 ¢
Karanoxxuuit Homep 1756-I1B16A
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Pucynox 2.5 - Moxyne 1756-1B16 A

2.2 Mepe:xka Ethernet

Ha nouatky 1970-x pokiB xomnaHii Xerox nmoTpioOHO Oyjo MIAKIIOUUTH KIJIbKa
KOMIT'FOTEpIB [0 MpUHTEpa 4epe3 MOCHiAOBHUN 1HTepdeiic, 1 Tomy Oyna po3pobdiieHa
nepma Bepcis Ethernet [9], s Bepcis gocsria mBUAKoCTI nepeaadi g0 2,94 Moirt/c 1
no3Bossuta miakmrodat 10 100 yaacaukiB. Y 1978 porti no Xerox npuennanucs DEC i
Intel nyis ctBopenns HoBoi Bepcii Ethernet V1.0, Bimomoi sik DIX Ethernet. Ha mouatky
80- x poki Ethernet 6yB crannaptuzoBanuii sik IEEE 802.3s 31 mBuakictio nepegayui 10
MO6iT/c, TOMONOrIED MIMHHOTO THUIYy 3 BHKOPUCTAHHSM KOAaKCIaJbHOTO Kalemo Ta
meroaoM noctymry CSMA/CD. ¥ nactynHi poku Ethernet po3BuBaBcs, Oro mBHIKICTh
nepenadi cranopmia 100 Mo6it/c, 1 I'611/c, Hapemri, nocaraa 10 ['6i1/c, a Tomosoris Ta
GBUYHI  IUIAXW  Tepeayl 3MIHIOBAIMCA. 3aMICTh KOAKClalbHOrO Kabenro crana
BUKOPHCTOBYBATUCS BHUTA Mapa, TOMOJOTISI 3MIHWJIACS 3 IIIMHUA HA JIEPEBOBUIHY. 3apa3

Ethernet € MacoBUM Ta BHUKOPUCTOBYETHhCS B JIOKAIBHUX Mepexax s 3’ €IHAHHS
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KOMIT’ JOTEPiB OJIMH 3 OJIHIM, a TAKOXK JUTS ITi IKITIOUeHHS Tepudepiiiaux npuctpois. Horo
MOMYJISIPHICTH 1, TIEPIT 3a BCE, MOTO I[iHA, KA JTOCATIIA JTy)KE HU3BKOTO PIBHS 3aBISIKU
MacoBOMY BUPOOHUIITBY, CIIPUSIOTH BeIUMKOMY po3BUTKY Ethernet.

VYxe B apyrii momoBuHi 1980-x poxkiB FEthernet OyB excrnepuMeHTaIbHO
BUKOPUCTAaHUMN B MPOMUCIOBUX Mepekax. [Ipukinagom moxke 0ytu mepeska Sinec H1, sxa
BUKOpHUCTOBYBajacs il miakaoueHHs [1JIK, Oyna moBHICTIO CyMmicHA 31 CTaHAapTOM
802.3, ane akmeHT OyB 3poOJeHMI Ha HAAIMHMX po3’€Max 1 BHUCOKOSIKICHOMY
expanyBaHH1. [li3Hime Takox 3'aBuwiucs Bepcli (Hanpukian, Sinec HIFO), o
BUKOPHCTOBYIOTh ONITUYHI BOJIOKHA IS TIEpeIadl B Iy’Ke «ITYMHOMY» CEpeloBHII abo
JUIsL Tiepeiadl Ha Benuki BijcTaHl. OHaK y TOM Yac BEJIUKI PeCypcH BHTpayalucs Ha
PO3BUTOK MPOMHUCIIOBUX MEPEXK, 1 TOMYy OCHOBOIO 3B’SI3KY B IPOMMCIIOBOCTI CTaJIM TaKi
Mmepexi, sk Field bus, Device bus 1 1. 1. Hanpukinmi 1990-x Bce yacTimie ctaina BHHUKATH
noTpeba y koMyHikailii Mixk mpomuciioBictio Ta IT-cheporo. Tomy Ethernet 3HoBY nmoyan
pPO3BUBATHUCS SK TpoMHcIoBa Mepexa. [lyxe BaxkiamBo po3ymit, mo Ethernet y
MIPOMUCIIOBOCTI - I1€ HE T€ caMe, 1110 oro BapiaHTH B raity3i [T, 1 iioro po3BUTOK y cepax
GbyHKI10HATBHOT O€3eKH Ta poOOTH B PEKUMI PEabHOTO Yacy 3HaYHO MOKPAIIUBCS 3a

OCTaHHI POKH, 1110 JI03BOJISIE €(PEKTUBHO BUKOPUCTOBYBATH OO B IPOMHUCIIOBOCTI [9].

Ethernet/IP (EtherNet)

Ethernet/IP Bnepie npeacrasieno y 2001 poui sk npoaykT koHcopuiymy ODVA
(Open DeviceNet Vendor Association) Ta Mi>kHapoaHoTo KoHcopiiyMmy ControlNet min
kepiBaHITBOM Rockwell Automation. Horo crannaprusanis Bin6ynacs y 2005 pori 1ix
Ha3Bowo [IEC 62413. Cepen oro rojoBHHMX IMepeBar - MOBHA CYMICHICTh 13 MepexaMu
Ethernet, Tomy kmacuuni kommoHentu Ethernet MokHa BUKOPHMCTOBYBATH, HAPUKIIA/,
s nigkmodeHas [TK mo mepexi Ethernet/IP [10]. TyT mocTaTHbO JHIe «3BHYAHOD
MEpEeXEeBOI KapTH, SKa € JOCUTh JICIICBUM, IIBUJIKUM 1 JOCTYIMHHUM pilmieHHsM. PiBHI
Ethernet/IP i kmacuunoro Ethernet He BiApI3HAIOTHCSA, 32 BUHATKOM OCTaHHBOTO
NPUKIAIHOTO piBHA. Takum yuHOM, Oe€3leka Ta y peajbHOMY Yaci TapaHTYHOThCS
MPUKIIATHUM PiBHEM, 10 ckiaagaeThes 3 mpoTokoiry CIP (Common Industrial Protocol),

SAKUU TaKoXX BUKOpPUCTOBYeTbca B Mepexkax ControlNet ta DeviceNet (puc. 2.6). Llei
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MIPOTOKOJI BUKOPUCTOBYE 00'€KTHY 0OpOOKY OKpeMHX BY3IIB 1 iX BIacTUBOCTI. KoxeH
NPUCTPii XapaKTEePU3y€ETHCS CBOEIO IPYIIOI0 00’ €KTIB, @ KOYKEH 00’ €KT XapaKTepU3YEThCS
CBOIMM JITaHMMH, KOMaHJaMHU Ta BIAMOBIASAMU Ha mojii. ICHYIOTh pi3HI Tpynu 00’ €KTiB,
o0 1IeHTH(IKYIOTh TPUCTPOI, BU3HAYAIOTH MEepeaady MOBITOMIICHbD, IS ITOBIIOMIICHB
MIJIKJIFOYEHHS Ta IMapaMeTpiB KoHPIryparii Mmepexi.

Mepexa Ethernet/IP [] BukopuctoBye aBa tunu nepepadi: sBHy (TCP/IP)
nepenavdy THUIy 3alUT-BIAMOBIAP MK JBoMa Bysnamu Ta HesBHy (UDP/IP), nns

IUKJIIYHOI Mepeiadi JaHUX KOPHUCTyBaya Ta JAaHUX BBEJICHHS/BUBEICHHS.

e L

L

Mepeab6a4vedi npotpini CIP

Bi6nioTeka o6'ekriB CIP ] CIP

L

5.7 _ AeHa | HeABHA KOMYHIKaLlifa, MaplipyTHU3aLia
Mporpamosanuii CIP
4 i TCP ubP
3 P ControlNet DeviceNet
: : (CTDMA) (CAN)
2
Ethernet :
' IEEE 802.3 :
1 :
EtherNet/IP ControlNet DeviceNet

Pucynok 2.6 - Mogens ISO/OSI qis EtherNet/IP, ControlNet, DeviceNet [10]

[Tpotokon CIP BUKOPUCTOBYE JBa MPUHIIMIIN 3B’ S3KY: TIOB’SI3aHUN IS TIepeaadl
BHCOKOITPIOPUTETHUX JaHUX BBOJY/BHBOJY Ta mepenada 0e3 3’€THaHHS HEPETyJISIPHUX
JAHUX 3 HU3BKUM TPiOpUTETOM. 3B'I30K BiIOYyBA€THCS HACTYITHUM YHMHOM: BY30JI, SIKUI
3anmuTye 3'€eqHaHHA (1HIMIATOP), HAJICUJIA€ SIBHE TOBIMOMJICHHS O€3 MIIKIIOUYCHHS 13

3alUTOM Ha 3'€IHaHHS, 10 MICTUTh MITKY MapameTpiB 3'€IHAHHS, a OAEpP>KyBau
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3’€IHaHHA (LIUTb) HAACHUIIAE MATBEPKEHHS 3 MapaMeTpoM (11eHTU(IKaTop, HesIBHA/IBHA
nepegava, HUKIIYHA 3MiHA JIAaHUX/CTaHy, KIJIbKICTh 1 (OopMaT MepelaHux AaHuX) i
BCTAHOBITIOE 3’ €THAHHsA. PeanbHuil BIITyK Mepexi 3a0€31euyeThes MOI1JIOM JTOMEHIB 3a

JIOTIOMOTOI0 KOMYTaTOpiB (puc. 2.7) 1 AOCTATHHOIO MPOITYCKHOO 3AaTHICTIO MEPEXI.

Mogayni NJK

PobBoya cTaHuis

KomyTatop KomyTaTop

Pucynox 2.7 - Cxema migkmrouents moayJis [TJIK

2.3 IleperBoproBay yactotu PowerFlex

[TeperBoproBay  uvactotu ¢ipmu  Allen-Bradley cepii PowerFlex [11]
XapaKTepU3y€EThCS MPOCTOTOIO eKCIUTyaTallii Ta KOMIIAKTHICTIO BCHOTO MPUCTPOIO (PHC.
2.8). Allen-Bradley npononye neperBoproBaui nmoTyxHictio Big 0,37 kBt 10 132 kBt 3
Harnpyroro xkuBjieHHs Bijg 200 g0 240 B 3minHoro ctpymy, Big 380 mo 480 B 3minHOTO
cTpyMy, Bia 500 1o 600 B 3minHOrO cTpyMy, 690 B 3MinHOrO cTpyMy, 540 B noctiitHOTrO
ctpyMy Ta 650 B mocTiiiHOTO CTpyMy y BapiaHTaxX 3HAYEHHS HOMIHAJILHOTO CTPYyMY BiJ
1,1 A mo no 180A.

[lepeTBoproBaui cepii PowerFlex mpomnoHyoTh TpU OCHOBHUX THIHM KEPyBaHHS:
T€HEPYBAaHHS KPYTHOTO MOMEHTY, PETYJIIOBAHHS IIBUIAKOCTI, PETYJIIOBAHHS KPYTHOTO
MOMEHTY. Y peXHMi IeHepyBaHHS KPYTHOTO MOMEHTY JBHUTYHOM BHKOPHCTOBYETHCS
metos, Bimomuit sik U/f, mepeTBoproBay Mae PyHKIIi0 O€3CEHCOPHOTO BEKTOpa, sIKa Ha
OCHOBI BIJJOMHX TIapaMETpiB JIBUTYHa MOKPAILy€ T€HEPYBAaHHSI KPYTHOTO MOMEHTY Ta

PO3IIUPIOE Alana30H BUKOPUCTOBYBAHUX MIBUAKOCTEN. L5 omilisi BUKOPUCTOBYETHCS B
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IPOMUCIIOBOCTI JJisl YNpaBIiHHS MPUBOAAMU LEHTpUPYT, mpeciB abo KOHBeepiB. Y
peXUMIi KEPYBaHHS MBUIKICTIO MPUCYTHS KOMIICHCAITiSI KOB3aHHS, sIKA JIOCATAE TOYHOCTI
10 0,5% B HOMIHAJBLHOT MIBUAKOCTI 200 MOKJIMBE BEKTOPHE KEPYBaHHS 3a JOIMOMOT OO
enkozepa. [Ipu BukopucTanHi €HKoIepa MBHAKICTH Moxe peryioBatucs 10 0,0 01% Bix
HOMIHAIBHOI. JIJ1 peryitoBaHHs KPYTHOI'O MOMEHTY MO>KHA BUKOPUCTOBYBATH (DYHKIIIIO
«Encoderlessy, ympapiiHHs KpyTHAM MOMEHTOM 0€3 3BOPOTHOTO 3B'SI3KY BiJ €HKOJEpa
a0o0 ympaBiHHS KpyTHHM MOMeHTOM «Fore Technology» 3i 3BopoTHuM 3B'si3koM. Lleit
TUI PETYyJIIOBaHHS JO3BOJISE JOCITTH BIAMIHHMX pPE3YyJbTaTiB y BChOMY Jiala3oHi
HIBUKOCTEH, BKIFOYAIOUM HU3bKI 00epTH. [1epeTBoproBay Takox MicTUTh PI-koHTpOep,
MOJyJb JAWHAMIYHOTO TalbMyBaHHS, SKHH 3MEHIIye TMOTpe0y y BHUKOPHCTaHHI
TaJIbMIBHOTO PE3UCTOPa, MEPEKEeBUN (GUIBTP I NPUIYHICHHS HEeOaXaHUX YacToT 1
BUSIBIICHHS 30010 JKUBIICHHS.

Oynkiis «Auto-tune» onTuMidye HalalITyBaHHS 1HBEPTOpa BIAMOBIIHO JO
MIJKJII0YEHOTO TPUBOAY Ta HABAaHTAXKEHHS. 3BUYATHO, € (QYHKIIIT 3a00pOHEHHUX 4acToT,
3HIDKEHHS CTIOKMBAHHS B pekuMi cHY 1 T.1. [lepeTBoproBau TakoX Mae mam'siTh st
OCTaHHIX 8 TPUBOT 1 BUSIBJICHHS TOMUJIOK 13 3aIMCOM Yacy MOJi1, CBITIOI10/I1 TOKAa3yIOTh
NOTOYHUN CTaH NPUCTPOIO (Tpalroe, 3ynuHKa, noMuika). Ha mnepennit mnanemi
posramoBannii PK-mucrnelt 3 kmaBiatyporo (puc. 2.9), 3a I0MOMOTOI0  SIKOTO
3MIICHIOETHCS HAAIITYBAHHS Ta KEPYyBaHHS IHBEPTOPOM.

CranpapTHuil OJIOK BBEIEHHSI/BUBEIEHHA Mae 6 HU(POBUX BXOIB, 2 peIEMHUX
BUXOJIM Ta 2 aHAJIOTOBUX BXOAW. Mo tyb 3B's13ky niist Mepexi Ethernet/IP migkmtouaeTses
no nopty DPI 5. Takox npucytri moay:i aiist DeviceNet, ControlNet, Universal Remote
I/0, RS-232/485, Profibus, Interbus-S, Modbus i Modbus+ [11].

XapakTepucTuka MepeTBOproBaya YacTOTH HaBeeHa y Tabm. 2.6.



Pucynok 2.8 - IleperBoproBau yactotu PowerFlex 700

v':-.‘l ( :\, (T‘) .’—v—“

Pucynok 2.9 - LCD nucmuieit 3 ki1aBiaTyporo
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Tabmung 2.6 - XapakrepucTrka rnepetBoproBaua yactota PowerFlex 700 [12]
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[TapameTp 3HavyeHHs
Hanpyra xuBiieHHs 400B, 3-db
Buxinnuii crpym 11A
[3omsms IP 20

Hamnpyra kepyBaHHs

24 B 3MiHHOT'O/TIOCTIHHOTO CTPYMY

BingxwieHHs BXiHOI HAIPyTH

+10%

BigxuneHus yactoTu 47-63 I'
Makc. cTpyM KOPOTKOTO 3aMUKAHHS 200A
[TpoayKTHBHICTB IIPH >KUBJICHHI BiJ 0JHI€T (a3u 50%

Meska nepeHanpyru Ha BXOJi

475 B 3MIHHOTO CTPyMY

Meska nepeHanpyru NpoMixkKHOTo Koja

810 B moctiitHOro cTpy™mMy

Meska 3HIKEHOT HapyTy IPOMIXKHOTO KOoJa

305 B nocTiiiHOTO CTpyMy

HowmiHanpHa Hampyra NpoMi>KHOTO KoJia

540 B nocTiitHOTO CTpyMY

Yac pobOTH IpH BIJIKIIOUCHHI €JIEKTPOSHEPTii

15 Mc npu NOBHOMY HaBaHTaXXEHHI1

PoGora  kepyrodoi  JIOTIKM  TpH  BiIKIIOYCHHI
€JICKTPOCHEepTii

2¢c

Excruryararitisi Ha BUCOTI HaJl piBHEM MOPS

1000 M Oe3 nmaJiHHA NOKA3HUKIB

PoGounii giamazon TemmepaTypd  HAaBKOJUIIHHOTO
Cepe/IoBHILA

0-50°C

MaxkcumalibHa BiJTHOCHA BOJIOTICTh

90% 0e3 koHaeHcalll

Jlomyctruma BiOpartist

amrurityna 0,152 mm, 1G

Y PowerFlex 700 BuxigHa Hampyra Mae cuHycoiganbHy Mopayisiito [HIM

(IMPOTHO-IMITYJIbCHA MOJYJISALIS) 3 MPOTPaMOBaHOI0 HEeCyuoro yactororo (2, 4, 8 1 10
kl'n). Jliamazon BuxiaHoi Hanpyru craHoBuTh 0-540 B, wacrora 0-420 'y 3 TOUHICTIO
+0,01% Big MOTOYHOI YACTOTHM TPHU BHUKOpUCTAaHHI IMdpoBoro Bxoxy 1 +0,4% Bin
MaKCUMaJIbHOI BHUXIJIHOI YacCTOTH IMPU BHUKOPUCTAaHHI aHaNoOroBoro Bxoxay. IloxuOxa
PETYIIIOBaHHS MIBUAKOCTI PO3IMKHEHOTO KOHTYpY +0,5% BiJ HOMIHAJIBHOI IIBUIKOCTI.
["anbMyBaHHS MO’KHA HAJIAIITYBATH SIK pyX HAKaTOM, rajlbMyBaHHS MOCTIHHUM CTPYMOM,
Ta OCTAaTOYHE HEHYJbOBE 3HAaU€HHsA. JlJIg 3amycKy 1 3yNMHMHKU MOKHAa BUKOPHCTOBYBATH
JIBa TIPOrPaMOBAaHKX He3alexkHUX TaimMepa B mianazoni 0-3600 cexynn 3 kpokom 0,1 c.
[leperBoproBau gomyckae nepeBantaxxeHsst Ha 110% npotsirom 1 xBunuHu ado 115% Ha
3 cexyHu.

Pyune kepysanns

PyuHe kepyBaHHSI IHBEPTOPOM 3JIMCHIOETHCS LIISXOM MIIKIIOUECHHS €JIEMEHTIB
KEepyBaHHS /10 KJIEMHO1 KOJIOJIKU KaceTu kepyBaHHs [11], sika po3ramioBana 3 J1iBoro 00Ky

1HBepTopa. Tak, MO>KHA KepyBaTH poOOTOIO IBUTYHA, HAITPUKJIIA/, 33 JIOIOMOTO0 KHOTIOK
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1 IBHJIKICTIO 32 JOTMOMOTOK MOTEHIIOMETpa, CTpyMy abo Hampyrd. Jjis mpaBHIIBHOI
poOOTH OKpeMHUX KOHTAKTIB iX 3aBXKIW HEOOXIMTHO HaJAIITyBaTH Ha BiIMOBITHI
napameTpH 1HBEpTOpa.

Huxde po3ristHyTO MOXKIIMBI CIIOCOOM BUKOPUCTAHHS PEryJIIOBaHHS IIBUIKOCTI.
VY nepuioMy BUTNAAKY 1€ MJIaBHE PEryJIIOBaHHS MIBUAKOCTI TUIBKU B OTHOMY HampsSIMKy
oOepranHsi ABuryHa. lle poOUTBhCS NIIAXOM  MIAKJIIOYEHHS IOTEHIIOMETpa
(pexomenpoBanuit omip 10 kOwm) o kiemHHKa O5oKy ympaBimiHHA. [loTpiGHO
BUKOPUCTOBYBATH TaKy MPOIEAYPY Y BUMAAKY HECKIIAJHOTO poOOYOro 3aBJaHHS 1 III0
IpoLeIypy NOTPIOHO JOMOBHUTH PEBEPCOM IIBHIKOCTI. JIpyruil MOXIMBUI MPUKIIA[
KEepYyBaHHsI JI03BOJISIE TUIABHO 3MIHIOBATH MIBUAKICTH, @ TaKOXX HAMPSMOK OOepTaHHS
JBUTYHA. BUKOHY€TBHCS MIAKIIOUEHHAM [TOTEHIIIOMETpa 10 JuKepena xKuBieHHs +10B.

[3 BHILIE PO3MIISIHYTUX, AJIA LIJIEH MOTOYHOI pOOOTH NPUIUHATHUM € IPYTUM BaplaHT,
Jie IOTpiOHE pyyHEe KEPYBaHHS B 000X HaNpsMKax, HAPUKJIa/, IEPEMILICHHS IPUCTPOIO
B37I0BX OJIHI€] oci. J[07aTKOBHUII KOHTPOJIH MIBUIKOCTI TAKOXK MOXKE 3/I1MCHIOBATUCH 3a
ctpymoM (4 — 20 MA) a6o nHanpyror (0 — 10 B a6o £10 B) six 151 0THOTIONSPHOTO, TaK 1
JUTsL OIMOJIIPHOTO KepyBaHHs. SIKIo moTpiOHUM Oyze BiAoOpakeHHs ab0 3YMTyBaHHS
3HAYeHHS IIBUIKOCTI 3a JOMOMOTOI JaT4yhka Hampyrd abo cTpyMmy, MOXKe
BUKOPUCTOBYBaTH aHanoroBuit Buxia (4-20 mA, 0-10 B, =10 B).

Ha xnemHi#t KOJOII TaKkoX MiAKIIOYEH! KHOIMKHU 3aIyCKy, PEBEpPCYy Ta 3YNMUHKH
JNBUTYHA. [HCTpPYKUis ONUCYy€E YOTUPH PEKOMEHJOBaHl miakioueHHs. [lepiie
JBOIIPOBIJIHE HEPEBEPCHUBHE IIJIKIIOYCHHS, KOJM KOPHUCTYBad Ma€ MOXKJIUBICTh
YBIMKHYTH a00 BHUMKHYTH JBHUTYH OJHUM MepemukadueM. Lleit BapianT He motpedye
OKpPEMOT0 JDKepesa MUBJEHHS, BUKOPHCTOBYETHCS >KMBJICHHS BlJI 1HBEpTOpa 1 IpH
KOMOIHYyBaHHI 3 KOHTPOJIEM HIBUIKOCTI B 000X HAIpsSIMKaX TaKOXK yCYBAEThCSI HEIIONIK
HEMOXJIMBOCTI ~ KOHTPOJIO  IIBHUAKOCTI  JABUTYHA. J[pyruM  peKoMeHIOBaHHM
M1KITFOUYEHHSM € JIBOMTPOBITHE PEBEPCUBHE MIAKITIOYCHHS, BiJOOpaKeHHS YITPaBIIHHS 32
JIOTIOMOT'OI0 JTIBOX MEPEMHUKAUIB 3 )KUBIIEHHSAM BiJI BHYTPIIIHHOTO 200 OKPEMOTO JIKEpesa
(115B/+24B). SIkmio DOMOBHHWTH IF0 CXEMY PETYJIIOBAHHSM IIBUAKOCTI B OJHOMY

HaIpPsMKY, MO’KHA BUKOPUCTOBYBATH MPUBIJI, KEPOBAHUI TAKMM YNHOM, HAIPUKIIAT, JIJIS
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KepyBaHHA TOKAPHUM BEpPCTATOM, KOJM HEOOXIJHO KOHTPOJIIOBATH O0OEpTH 5K B
PSMOMY, TaK 1 B 3BOPOTHOMY HAIPSMKaX.

VY pasi curHamzamii npucyTHi uu@poBi Buxoau (pelie) MepeTBOproBaya, 3a
JIOTIOMOTOI0 SIKMX MEPETBOPIOBAY CUTHAJI3Y€E MPO HECTIpaBHICTH 1 poOoTy. Koxken 3 nux
CUTHAJIIB MPEJCTABICHO SIK IPSIMUM, TaK 1 IHBEPTOBAHUM 3HAUYCHHSIM.

Buxopucmanns enkooepa

BinnmoBigHo 10 KoHirypamii kieMHOl Kojoaku exoxepa [12], xmemu 8 1 7
BUKOPUCTOBYIOTHCS JUIsl )KUBJICHHS, & 1HII KJIEMU JJIs TIKIIOUYEHHS OKPEMUX KaHaTIB
enkozgepa. Kanan A (puc. 2.10) BUKOPUCTOBYETBCS SIK BX1J, SAKIIO HAsSBHUI E€HKOJAEP
JIUIIE 3 OJHUM KaHaJioM. SIKIIo MiKJII0YEHU €eHKOJIep Ma€e ABa KaHalu (3MimeHi Ha 90°),
NEepIIniA MAKIIOYAEThCS O TepPMIHAY KaHaly A, a IHIIUKA Ha TepMiHai KaHaity B.
[lepeBaroro BUKOPUCTaHHS JBOKAHATBHOTO IMIYJIBCHOTO EHKOAEpAa € MOXKJIHBICTH
pO3Ii3HaBaHHS HAIMPSIMKY 00€pTaHHS Ta IMiBUILEHHS TOYHOCTI.

EHkonepn Takox MOXYTh MAaTH TaK 3BaHMM MapKyBaJIbHMM BXIJI, SIKM BKa3ye
OTIOpHE HYJHOBE IMOJOXKECHHS, e KaHal MIAKIIoYaeThess 10 Bxony Z. KoxeH 13
NepepaxoBaHUX KaHAJIIB Ma€ JBa BXOJU, NMPSMUN Ta iHBepTOBaHUMW. Po3zranryBaHHsS

MO3HAYOK Ha TPUKAHAIBHOMY KOJEpl MOKHA 1mobaunTy Ha puc. 2.10.

Ty 2, AR
S  z%Z
[ — ] ] —
— — —

- 5 T

2NN
I\

Pucynox 2.10 - Po3miTka mo3Ha4ok Ha eHkozaepi [12]



2.4 ACHHXPOHHUI €JIeKTPOJABUIYH
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YMoOBHU ekciutyaTallii Ta 0cOOJMBOCTI BUOOpPY ACHMHXPOHHOTO €IEKTPOABUTYHA

OMHKCAaHO y TOMEPEAHbOMY pPO3AUIL. 3apa3 MOTPIOHO MiACYMyBaTH XapaKTEPUCTHKY

CICKTPOABUI'YHA, BUKOPUCTAHOT'O Y IOTOYHOMY BHUIIAJIKY.

Tak, obpano enekrpoasuryd MEZ Mohelnice [13], 30BHIMHINA BUTIJISAA SKOTO

HaBeZeHO Ha puc. 2.11, a xapaktepucTrka 3BeqeHa 10 tadi. 2.7.

Pucynoxk 2.11 - 3oBuimHi#i Burisig enekrpoasuryna MEZ Mohelnice

Tabnuus 2.7 - Texniuna xapakrepructuka enekrpoasuryna MEZ Mohelnice [13]

[Tapametp 3HayeHHs
Kinbkicte a3 3
Tun poropa KopoTko3zaMkHyTHIT
HowmiHanbHa NOTYXKHICTb 1,1 kBt
Hanpyra >xuBjieHHs Ipu 3'€AHAHHI 31PKOIO 380 Bt
Hanpyra >xuBjieHHs Npu 3'€1HaHHI TPUKYTHUKOM | 220 Bt
KispkicTh 00€pTiB Ha XBHIHHY 930
HowmiHanbHUH CTPYM IpH 3'€IHAHHI 31pKOIO 3,1A
HowminanpHuii cTpyM npu 3'eqHaHHI TPUKYTHUKOM | 5.4 A
KoedirieHT moTyx)HOCTI (@) 0,75
Kiac 13omsamii B
MakcumaibHa OCTiiHA TeMIepaTypa IBUTYH 130°C

3axuct

[P 44 (3axuct JBUTYHa BiJl NPOHUKHEHHS
TBEPJIOTO TiJIa JiaMmeTpoM 1 MM 1 OpU30K BOJIU B
OyIb-SIKOMY HAIPSIMKY)
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3 OIIUC TEXHOJIOTTYHOI' O IMTPOILIECY TA PO3POBKA CXEMH
EJEKTPUYHOI IPUHIIUITIOBOI

3.1 XapakTepucTHKA eKCIJIyaTalil ABTOMATH30BAHOI0 €JIEKTPOIPUBOIY

OCHOBHOI0 33/1a4€I0 MOTOYHOI POOOTH € peanizallisi aBTOMaTH30BaHOTO KEPYBaHHS
ACUHXPOHHUM JBUTYHOM 3a JOTIOMOTOI0 IepeTBOpioBada dYacToTu. OjHAK, MOXXHA
1IKJITFOYUTH MOTEHIIIOMETP, KHOTIKK a00 MepeMuKayi 0 cCaMOoTo IMepeTBOPrOBaya 1 TaKUM
YUHOM KEpyBaTH [BUTYHOM Bpy4YHy. lleli BapiaHT MOXHa BHUKOPHUCTOBYBaTH B
HEIMPOMHUCIIOBUX YMOBAX, HAIIPUKJIA/, JUIsl TOKAPHOTO BEPCTATH TOILIO.

J7ist 3B’S13Ky 3 IHBEPTOPOM OJIOKU KEPYBaHHSI B TPOMUCIOBOCTI BUKOPUCTOBYIOTh
pPI3HOMaHITHI Mepexi abd0 MpPOCTO KOHTYp CTpyMy. Bioku ymnpaBiaiHHSA HE TUIbKU
YIPABJISIIOTH IBUTYHOM 3 IIEPETBOPIOBAYEM, alie 3a3BUYail MalOTh 3aBJaHHs 3a0€3MeUnUTH
poOOTy BCBHOTO TIPHCTPOIO O€3 3amydeHHs JoAuHU. L[eHTpom Takoro maHIIora
YOpPaBJIIHHS € BXK€ 3raJlaHuil OJIOK YIpaBiiHHS, HalyacTimie 1 B MOTOYHOMY BHUIAIKY
[JIK 3 oaniero abo KiJIbkOMa KOMYHIKAIlIHHUMU MepekaMu, K1 3a0€3MeuyoTh 3B'S30K 3
pPI3HUMHU €JIEMEHTaMH Mpoliecy ado MaroTh 3aBIaHHS 1HPOPMYBATH KOPUCTyBaya Mpo
CTaH, B IKOMY 3HaXOJIUTHCA MPOIIEC.

3 BHUIIE3a3HAYEHOI0 BUILJIMBAE, 10 BCSA CHCTEMA YNPABIIIHHS € JIMILE CBOEPITHUM
MO3KOM BCBHOTO MpOIECy, sl TOTO, 00 151 cUcTeMa Jisjia Ha Mpoliec, MOBUHHI OyTH
MPUCYTHI €JIEMEHTH )KUBJICHHS, TaKi IK KOHTAKTOPH Ta/a00 BKe 3rajlaHuil MepeTBOPrOBaY
yacToTu. He B oCTaHHIO 4epry /10 CUJIOBUX 1 HECUJIOBUX €JIEMEHTIB BIJTHOCSATHCS] TAKOX
iX 3aXHUCT 1 )KUBJICHHS. Yl 3rajJlaHi eJIeMEHTH 3a3BU4Yail pO3TalloBaHi B PO3MOILIBHOMY
IIUTI, 16 BOHU 3aXMINEHI BiJ] MOITKO/KEHb, HATIPUKIIA] BiJ] MUY, 1 BOJJHOYAC KOPUCTYBa4
TaKOX 3aXHUIICHUH BiJ] YpaXKCHHS EICKTPUYHUM CTPYMOM.

OCKUIbKH HEMa€ MOJIEJl Ui IPUCTPOIO, HA SKOMY MOJKHA TIEPEBIPUTH KePyBaHHS
JBUTYHOM, TO JOBEIETHCS TMpaIfOBaTH 3 CHMYJISATOPOM, SIKHA CKJIAJa€ThCS 31
CBITJIOAIO/AIB, MiAKIOUEHUX 10 Jjoriunux BuxomiB IIJIK, mepemukadiB 1 KHOIOK,
MIJKIIOYEHUX JIO0 JIOTIYHHUX BXOJIB, TOTEHIIIOMETPIB 1 IPHIAJOBHUX aMIIEPMETPIB,

MIIKIIOYEHUX 1O aHAJIOTOBUX BXOJIB 1 BUXO/IIB MAIlIMHH.
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VY3aranpHIOIOYH, JOCTIKYBaHA CXE€Ma TEXHOJOTIYHOTO TMPOIECY CKIIATAEThCS 3
[JIK cepii ControlLogix, cumymnsaropa majisg BiqoOpaXeHHsI Ta HAJIAIMTyBaHHS BXOIIB 1
BuxoaiB IIJIK, a Takoxx meperBoproBaua yactotu PowerFlex 700 13 migkirodeHUM
nsuryHoM. 3B’s30k MK [1JIK, meperBoproBaueM 4acTOTH Ta KOMIT IOTEPOM, 3 SIKOTO
nporpamyetbest [IJIK, 3maificHroeTtbess yepes Mepexy EtherNet/IP 3a gomomororo
KEpOBaHOTO KOMyTaTopa.

OCHOBHMM 3aBAAHHSM YIPABIIHHA OOpaHO KepyBaHHS JABUTYHOM y OakKaHOMY
MOJIOKEHHI, ajieé 4Yepe3 HEIOCTAaTHIO PO3JUIbHY 3JaTHICTh 1HKPEMEHTHOTO JaT4HKa,
MOXHa CIpoOyBaTH KepyBaTH [BUTYHOM Yy Oa)kaHOMY TMIOJIOKEHHI 3a pPaxyHOK
BIIMOBIHOT KITBKOCTI 00€pTiB. TakKMM YHHOM, MOKHA PO3TJISIHYTH CLIEHAPIH, 16 KOHBEED
3 MaTepiajgoM MOBHHEH OyJ1e JOCITTH 00paHoi mo3uilli. BiamoBigHa TeXHOJOT1YHA cXema

MoKasaHa Ha puc. 3.1.

S1

; goﬁ) M6 (m

Pucynok 3.1 - Cxema TE€XHOJOT14HOI JI1HI1

Onuc mexnono2iun020 npoyecy

[Ipuitnsaro, mo miHig 3a puc. 3.1, mpu3HaueHa Il CBEPJUIiHHS OTBOPIB B
METaJeBUX 3aroTOBKaX, IO TMEPEMINIYyIOTECSI KOHBEEPHOIO CTPIuKOr. OCKIUIBKU
HEMO>KJIUBO MPOCBEPAJIUTH OTBOPH B 3aTOTOBKAX O€3M0OCEpPEIHHO HAa KOHBEEPHIHM CTPIYIli,
JIHISE 00JTaIHY€ThCS T1ApaBIiKow0 JJis (iKcallii 3arOTOBKH Mij YaCc CBEPTiHHS OTBOPIB.

i rigpaBmiuHi HiKCyr04l TPUCTPOT YIIPaABIAIOTHCS KianaHamu V1 i V2.
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Jns ¢ikcariii 3aroToBKM HEOOX1THO BIAKPUTH KJamaH V2 1 BiH Ma€ 3alUIIaTUCA
BIIKPUTUM TPOTSITOM YyChOro mepiony ¢ikcamii. s 3BUIBHEHHS 3arOTOBKH BiJ
T'1IpaBIIYHOTO MPUCTPOIO 3aKPUBAETHCA KianaH V2 1 BIAKpUBAeTbCs KianaH V1, skui
3aJIMIIAETHCS BIAKPUTHM TMPOTITOM YChOTO 4Yacy 3BUIbHEHHS 3arOTOBKU. Y BHUMAJKY,
SKILO 00MJIBA KJIAaHM 3aJUINAI0ThCA BIAKPUTHUMHU IIPOTATOM TPUBAJIOTO MEPIOAY 4Yacy,
MO’K€ BUHMKHYTH MOIIKO/)KEHHSI €JIEMEHTIB KEPYBaHHs, TOMY TaKa CUTYyallisl HE [IOBUHHA
BiI0yBaTHUCH.

CBepayinibHa ToJIOBKa Mae JBa cTyleHi cBobonu. J[BuryH 2, skuil oOepTtae
CBEPJJIO0, 3amycKaeTbesi KoHTakTopoM K1, kepyroua KOTymIKa SIKOTO MiJKIIOYEHa 0
aoriyHoro Buxony IJIK. dpyruii ctymiabs cBoOOAM 3a0€3MeUy€eThCsl KOHTAKTAMU PEie,
110 KepyroTh ABUryHOM 3. [lepmnii kontakt T1 3amyckae pene, sike BMUKae ab0 BUMUKAE
nBuryH 3. Jlpyruii koHTakT T2 mepemmukae pese, I0 BU3HAYA€ HAMPSAMOK OOepTaHHS
JBUTYHA 3 1, TAKUM YMHOM, TAKOX HAIPSIMOK MEPEMIIIEHHS TOJIOBKH M0 BEPTHUKAIbHIN
oCl.

JUIs TO3ULIOHYBaHHS IOBOPOTHOI TOJIOBKM HAa BEpPTUKAJIBHIM OCI MOKHA
BUKOPHUCTOBYBaTH JiBa AaTuuku. llepmmii natuvk S4 croBillae Mpo HMKHE 3a7aHE
MIOJIO’KEHHS, B IKOMY CBEP/UTMIIbHA TOJIOBKA 3yMHUHSIETHCA 1 3HOBY TIOYMHAE TT1AHIMATHCS,
a Ipyruil 1aTuuk S5 MOBIAOMIISIE PO BEPXHE MOYATKOBE MOJIOKEHHS.

VY mpOMHCIIOBOCTI €KOHOMHUTKLCS Yac, 1 TOMY CBEPJUTIHHS BUKOHYETHCS IIBU/IIIIE,
Hi)K BUKOHYE 1110 OTIEpAaIlifo JIIOANHA. Y IIUX YMOBaX HEOOX1THO OXOJIOIKYBaTH CBEP/JIO,
o0 BOHO HE TMEeperpiBajiocsi, a HaJAMIpHE OXOJIOKCHHsI TpHU3BelNe J0 BiAmany, B
pe3yJIbTaTi 40ro MaTepiall CBep/jia PO3M'IKIITYEThCS, 1 CBEPAJIO 3rOJ0M 3aTYILTIOETHCS.
Ox0M0mKeHHS 3AIMCHIOETHCS IIJITXOM BIIOPCKYBaHHS OXOJIOMKYIOUOi eMYJIbCii B Miclie
cBepUTiHHS. Tak, BIOPCKYBaHHS 0XOJIOIKYIOUOi €MYJIbCIT 3aITyCKAEThCSI KiIaraHoMm V3.

VY pesepByapi 11 0X0JIOIKYI0UOT eMYJIbCli € JaTYUK MIHIMAJIBHOTO PiBHS, Y pasi
IHIUKAI] MIHIMAITLHOTO PIBHA eMYJIbCli B pe3epByapi. Konu cBepaiiHHA BCiX OTBOPIB y
3aroTOBIIl € 3aBEPUICHUM, MOKHA TOYMHATH HACTYITHUHN LIUKJI JJI1 HACTYITHOI 3arOTOBKH.
JliHig cBepIUIIHHS TaKOX Ma€ 1HKPEMEHTHUW NaTYuK BiJ NPUBOJLY KOHBEEpA, SIKUN

BUKOPUCTOBYETHCS JIJIsl TIO3UI[IOHYBAaHHSI KOHBEEPHUX CTPIYOK 1 JATYUKHU, PO3TAIIOBAHI



42

Ha MOYATKY 1 B KiHII i€l JMiHIT 1718 11 3amycKy 1 3ynuHKu. [lepenik OCHOBHUX €l1eMEHTIB

JiHIT MOkHA mobaynTH y Taobu. 3.1.

Taomuig 3.1 - OCHOBHI €JIEMEHTH 32 CXEMOIO TEXHOJIOTIUHOT JIiHi1

Enement Omnuc
V1 Kiaman mist dikcariii 3arotoBgu
V2 Kranan 3BiTbHEHHSI 3aTOTOBKHU
V3 Kitarman BnopckyBaHHS 0X0JIOIKYHOUOT eMYJIbCiT
K1 KoHTaKT 5151 noyaTKy 00epTaHHs TOJIOBKH
T1 KoHTakT AJ1s1 BKIIIOUEHHS BEPTUKAIBHOTO IepeMIICHHS
T2 KoHTakT, 110 BU3Ha4Ya€ HAIPSIMOK BEPTUKAIHHOTO PYXY
Sl JlaTuuK aKTHBHUM ITi]1 9aC HAJIXOJDKEHHS 3arOTOBKH
S2 JlaTuuK BH3HAYEHHS MOJIOKEHHS 3aTOTOBKH
S4 JlaTuuK HIKHBOTO KPaWHBOTO TOJI0KEHHS CBEP UTHIILHOT TOJIOBKH
S5 JlaTuuK BepXHBHOT'O KPaHHBOTO MOJOKEHHSI CBEPAJIUIBHOI TOJIOBKU
S6 [HKpEeMEHTHUH JaTYUK NIBUJIKOCTI JBUTYHA KOHBEEpa
S7 JlaTurK MiHIMQJIBHOTO PIBHS €MYJIbCIi OXO0JIO/DKYI0UOT PIIMHH
S8 JlaTuynK akTMBHMM, KOJIM 3arOTOBKA 3aJIUIIAE JIIHIIO
H1 KoHTpospHa 1aMIia MiHIMAITBHOTO PiBHS OXOJIOKYIOU0i eMYJIbCil
STOP Knormka 3ynuHk# JiHii
START KHomnKka ckuaHHs HECIPaBHOCTI

[Ticst migKIFOYeHHs JIiHIT 10 JpKepesa )KUBJICHHS Ta ii akTuBalii kHomkoro START
B1I0yBa€ThCs 1HIIIAMIZAIlIS BCI€T JIIHIT CBEPIJIIHHS, TOOTO BCl KJIallaHUW Ta KOHTAKTU
BCTAHOBITIOIOTHCS Y BUX1IHI TIOJIOKEHHSI. | JiHIs Yekae 3amycKy, 110 Bi0yBa€eThCs, KOJIU
naTyuK S1 aKTUBYETHCS, 1 B TOM MOMEHT, KOJIM II€ BiIOYBA€ThCS, 3aITyCKAETHCS ABUTYH
KOHBEEPHOI CTpiuku. MeTraneBa 3aroToBKa MEpPeMILIY€EThCS M CBEPIIMIbHY TOJIOBKY
KOHBEEPHOIO CTPIUKOI0. JlaTunk S2 moBiJoOMIISE€ TIPO MOJI0KEHHS 3ar0OTOBKH Ha 45 KpOKiB
nepesa 0axaHO MO3ULIELO.

TyT 3aBHaHHs CUCTEMH KEPYBaHHS - 3yIIUHUTH CTPIUKY pa3oM i3 OAIKOI0 TOYHO B
noTpioHoMy moJioxkeHHi. Koyim 3arotoBka 3aliMe NOTpiIOHE TMOJOKEHHS, MOXHA
MOYMHATH TOCIIIOBHICTh [IM, 110 BEAyTh 10 CBEPAJIHHS OTBOPY B 3aroTOBIII.
[TocmiIOBHICTh MOYMHAETHCS 13 3aTHCKAHHS 3arOTOBKHU, IO BUKOHYETHCS BIAKPUTTIM
kiamana V1 1 3akpuTTam kianaHa V2. 3aTuck 3aroToBkH 3aiimae Sc. Ilicis 3akiHUeHHS
I[OTO Yacy 3aroTOBKa € MIIHO 3aKPIIUICHOIO 1 TOTOBa 10 CBEPMIIHHA. K TUIbKH

3aroTOBKa 3aTUCHYTa, 00€pTaHHS CBEP/IJIa 3aITyCKAEThCsA KOHTakTOopoM K1, BKIro9aeThest
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BEPTHUKAJIbHA N0J]a4a 1 BCTAHOBIIOETHCS HAMPSMOK BHH3, a KJanmaHoM V3 MOYMHA€EThCA
HArHITaHHSA OXOJO/DKYI0uoi emysbcii. CBepasiiHHA TpHUBAaE, TOKM JaTuuk S4 He
MOBIJJOMHUTH MPO HUKHE PEryJhOBAaHE KIHIIEBE MOJIOKEHHS CBEPIJIWIBHOI TOJOBKU. Y
1Ieil MOMEHT HAaPSIMOK BEPTUKAIBHOTO PyXy CBEPAJUIBHOI TOJIOBKU Ma€ OYTH 3MIHEHHI
3a JJOMIOMOT 00 KOHTAKTy T2, BIANMOBITHUM BUX1Jl Ma€ OyTH BCTAHOBJICHHM Ha JIOTIYHUN
Hynb. [licms Toro, sk cBepAJMIbHA TOJIOBKA JOCATHE IIOYATKOBOIO BEPXHBOTO
MOJIO’KEHHS, BEPTHKAIbHA MOJjadya BIAKIIOUaeThCsl KoHTakToM T1, oOepraHHs cBepiia
NPUNUHSAETHCS, 3aKPUBAETHCS KJIaaH HarHiTaHHS €MYJIbCIl 1 MOYMHAETHCS 3BUILHEHHS
3arOTOBKHU, LI€ pOOUTHCS BIAKPUTTAM KiamaHa V2 1 3akpuTTs kianaHa V1. Temep
BUPILIYETHCS, YU NPOCBEPUIEHO B Oanill HEOOXIJHY KUIBKICTh OTBOpIB, SKILO Hi,
TpaHCHIOpTEp 3 OANKOIO TIEPECYBAETHCS 111€ Ha 45 KPOKIB 1 TOBTOPIOETHCS MOCIIJOBHICTh
CBEPJIIHHSL.

VY pasi 311iCHEHHS TOBHOTO IMKIIY CBEpJUIIHHS BCiX HEOOXIHHX OTBOPIB Yy
3aroTOBIIl KOHBEED 13 3arOTOBKOIO 3aITyCKAETHCS 1 3YIMUHSIETHCS TUIBKU TOJI1, KOJIU JaTYUK
S8 moBigOMIISIE TPO BUX1J] 3aTOTOBKHU 3 KOHBEEPHOI CTPIUKH. SKIIIO 3ar0TOBKA OLbIIE HE
3HAXOJMWTHCS Ha MM JHII, KOHBEEP 3YIHUHSIETHCS, 1 MporpamMa 4eKkae Ha MNPUOYTTS
HACTYMHOI 3arOTOBKH (ITPO Li€ MOBIAOMIISE JaTYHK S1).

o6 3axucTUTH OOCTYTOBYHOUHMH IepcoHaN 1 oOJagHAHHS, HEOOXITHO BXKHUTHU
NMEeBHUX 3axo0jiB Oe3neku. KoHBeep HE MOBMHEH TPAHCIOPTYBATH 3aroTOBKY i
CBEP/UTHJIGHOIO TOJIOBKOIO, SIKIIIO BOHA HE 3HAXOJUTHCS Yy BEPXHHOMY ITOJOXKCHHI.
KoHBeep He MOBUHEH pyXaTHCs, TTOKH BUKOHYETHCS Oy/b-sKa YaCTHHA TOCIIIOBHOCTI
CBEpJUTIHHS 3aroToBKU. [IOCHIAOBHICTH CBEPJIIHHS HE PO3MOYHETHCS, SKIIO JATYUK
MIHIMaJBLHOTO PiBHS S7 MOBIIOMJISIE PO BIJICYTHICTh OXOJIOKYIOUOi eMYJIbCli. Y 1IbOMY
BUMAAKy Oyjae ropiTh ciabke CBITJIO OXoyomkyroda emynbciss H1. Skmo HatucHyTH
kHOTNIKY STOP, KOHBeep 3yNMUHSAETHCS, CBEPAJIIHHS TAKOXK 3yNHUHIETHCS, & CBEPAJIMIbHA

rOJI0BKa nepeMimyeTbc;I Y BCPXHE IOJIOKCHHA.
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3.2 CriaalaHHA CXeMH eJIeKTPUYHOI NPUHIMIIOBOI

Ha puc. 3.2 HaBeleHO cXeMy CICKTPUYHY IPHHIIMIIOBY aBTOMATH30BAHOTO
enekrpornpuBoay. Cepen ixmoro, mana cxema wictute: IIJIK  ControlLogix,
nepeTBoproBada yactotu PowerFlex 700 3 migkiro4eHnM aCHHXpOHHUM JIBUTYHOM, TTK
JUISL TIpOTpaMyBaHHS KEPYIOUOro IporpaMHOro 3abe3ledeHHs Ta komyrtatopa Ethernet

JUTSI TTHAKTFOYSHHST OKPEMHUX KOMITOHEHTIB IHOTO JIAHITIOTA.
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Sl 3a3Hauarnocs padimie, HaBeleHa cxema nependauvae 3acrocyBanHsa [1JIK
ControlLogix i3 MomynasMu BBOIY-BHBOJIY, MiJKIIOUEHUMH 1O CHMYJISTOpPa BBOIY-
BUBOJY, a Horo miaty 3B’ s3ky EtherNet/IP mix’exnano mo komyraropa Stratix 800 [14].
[leii xomyTaTop € KOMYHIKAI[IHHUM BY3JIOM 3a JOIMOMOIOI0 $IKOrO 3a0e3meueHo
MOJKJIMBICTh MigKIt0ueHHS Oynb-skoro [IK mo Oyms-skoro IJIK cepen HasBHHX, is
nporpaMmyBaHHS a00 MOHITOPHMHTY HMOTO aKTHBHOCTI Ta 3MIHHUX 3Ha4deHb. Tak, 3a
nonomororo Moayis 3B’ sa3ky 20-COMM-E, sikuii BUKOPUCTOBY€ETHCS IS MiAKIIOUEHHS
nepeTBOPIOBaya yacToTu a0 Mepexi EtherNet/IP.

HactymauM KpoKOM € MAKITIOYCHHS JDKepesna >KuBICHHS. [l JKuUBIEHHS
IIepeTBOPIOBaYa HEOOX1THO 3’€JHATH TOJIOBHUH JIAHIIOT KepyBaHHS (3amo0ikauk FUL)
Ta JIAHIIFOT )KUBJICHHsI iHBepTOpa (aBTOMaTH4YHMA BuMukad QF7).

Enexrpoxusnenns [1JIK 3aiiicHIO€THCS B1J1 BOYJJOBAaHOTO B 1[I0 CUCTEMY JIKEpeEa.
CumynsTOp MICTUTH BJIIACHE BHYTPIIIHE JPKEpETo KUBJIEHHS 24 B mocTiiHOTO CTpyMmYy.
Kinemu iporo mpxepernna BUBEACH1 Ha J11BY CTOPOHY CUMYJISITOPA, 1 TYT /10 HUX MAKIIOUYEHO
JDKepeNno KUBJICHHS Komyrtatopa Ethernet. KowmymnikamiiiHi eleMeHTH Mepexi
EtherNet/IP migkmrodaroThCcst 10 KoMyTaTopa 3a gomomororo kademo UTP (Unshielded
Twisted Pair) [15], ie BOCBMIKHILHUIN KaOeITb, 1110 CKIaIA€ThCS 3 YOTUPHOX BUTHX Tap

MIPOBO/IIB.

4 HAJJAILITYBAHHA ABTOMATU30BAHOI CUCTEMU KEPYBAHHS
EJEKTPOITIPUBOAOM

4.1 CepenoBumie RSLogix 5000

VYesa xondirypamis abo mporpamyBanHs [IJIK aGo mepeTBoproBada YacToTH
BUKOHYeTbcs B cepenoBuili RSLogix 5000. 3oBHIMHINA BUIJISA 1 KOMIOHYBaHHS
OKpeMHUX BIKOH Tloka3zaHo Ha puc. 4.1. SIk mokazaHo, y BEPXHbOMY JIIBOMY KYTKY
nporpama iHpopmye npo cran [1JIK 1 Tum 3’ eqHanHs, 70 SKOTO MAKIIOYEHA Tporpama.

[Tepmmii myHkT «Program Mode» Bka3ye Ha cTaH 3’€IHaHHS MPOrPaMHU, 1 KOPUCTYBa
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[TJIK moxe BuOpatu oauH 13 pexkumiB nporpamyBanHs: «Offline», «Online Program
Mode», «Online Run Mode», «Online test Mode». B aBToHOMHOMY pekumi iporpama i
[IJIK mnpamioroTh HE3aIeKHO OJWH BII OJHOrO. Y OHJAHH-peXHMax Iporpama
nigkmtouaetses 10 [1JIK 1 korTposmoe ioro 3miaHI. Skmo motpioHo KoHTporoBatu [1JIK
nig yac poOOTH mporpamu, ciif Bubpatu oniito «Online Run Modey, iHakiie nporpama
He Oyne BukoHaHa B [IJIK. Hactynni enementu «Controler OK», «Battery Fault» 1 «1/O
OK» indopmyrors kopuctyBaua npo ctan [IJIK, Gartapei Ta MomyniB BiiIaieHOro
BBOJIy/BUBOAY [16].

JliBopyd € BIKHO 3 JI€pEBOM MamoK, [0 MPEJICTABISAIOTH OKpPEMl €JIEMEHTH,
HEOOX1H1 AJ11 KOHPIrypauii abo nporpamyBaHHs, OB’ SI3aHUX 13 KOHTPOJIEPOM. 3 IIbOTO
MepeiKy JOLUIBHO BHOpaTu numie HayxuBadimi. [lepmmm 3 Hux € myHKT «l/O
Configuration», 3a goromMoroxo sikoro HamamtoByeTbest [1JIK 1 miikimo4yaroTees 10 HbOro
okpemi npuctpoi. [lig npyrum nynkrom «Task/MainTask/MainProgram» 3naxoautbcst
BKiIaaKa «MainRoutimey, B ki 3anucaHa mporpaMa KOpucTyBauya Ha pelerHii cxeMi.
Enement «Controller Tags» B mammi «Controller Motor» BHUKOPUCTOBY€ETBCS st
CTBOPEHHSI BJIaCHUX 3MIHHUX, HANAIITYBaHHS JIYMUIHLHUKIB, TAMEPIB 1 IMEHYBaHHS BKe
ICHYIOUHX 3MIHHUX 200 KOHTAKTIiB BBEJICHHSI/BUBEICHHS.

OcranHe BIKHO IIi€1 MIporpamMu, po3TallloBaHE B PEITI BCHOTO CEPEOBUIIA, 1€
HaWOIIbIIe BIKHO, SIKE 3MIHIOETHCS BIJAIMOBIIHO JIO MOTOYHOTO €JIEMEHTa B JCPEBI,
3ragaHomy paniie. Skmo Buopatu nyHKT «I/O Configuration» y nepeBi a11Bopyd, a OTiM
BUOpaTH TuiaTy abo MPUCTPIH, y IbOMY BIKHI 3’SBHUThCS 1H(OpMAIliss MPo BUOpaHMIA
00’exT Ta mapameTpu ioro koH@irypamii. Ha puc. 4.1 MoxxHa 6auuTH BIKHO ]l 4Yac
BUOOpY  MYHKTY 3  HeperBoproBaueM  yactotd. Ilpm  BuOOpli  MyHKTY
«Task/MainTask/MainProgram/MainRoutime» BigoOpakaeTbcsi CepeOBUIIE BCTABKU
0JIOKIB, 3 SIKUX CTBOPIOEThCS IIporpama kopuctyBada. J{is enementa «Controler Tags» B
namiii «Controller Motor» BimoOpaxkaeTbCsi TaOMMIT 31 CIOUCKOM YCIX 3MIHHUX,
CTBOPEHHUX KOpPUCTyBadeM abo mija yac koHdiryparii nmpuctpor. TyT KopucTyBad MOXe

Ha3BaTHU OKPEMI €JIeMEHTH a00 0J1aTH BJIaCHI 3MiHHI.
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Pucynok 4.1 - Cepenosuiie RSLogix 5000

4.2 HanamrTyBaHHS ABTOMATHKH

Oznariomnenns 3 cepepoumieM  RSLogix 5000  cympoBOKYEThCS
HATAINTYBAaHHAM  aBTOMATHKM  TIEpeTBOpIOBadya  4actoTu. llepex  mowaTtkom
HaJAIITyBaHHS HEOOX1HO MiJKIIOYUTHUCS IO MOTPIOHOI KOMyHIKaIliitHOi KapT. Tak,
noTpidHo mi3Hatucs [IP-agpecy oOpaHoi kKOMyHIKaIiitHOT KapTH. Aipeca KOMYHIKaIlIHHOT
KapTu B1AoOpakaeTbcd Ha ii aucruiel. ITigkimtoueHHs 301MCHIOEThCS IUIIXOM BHOOpY
nyHkty «Who Active» B meHio «Communications», 3'SBUTBCA BIKHO, B SIKOMY
BUOUpaeThcsl Mepexa, y naHoMmy Bumanky FEthernet/IP. IP-agpeca mae Biamosinatu
oOpaHiit KapTi, MICJISI YOTO CJIJ MATBEPIUTH BUOID.

HanamtyBanss, sik 3a3Havanocs paHilie, BUKOHY€EThCS Y BiKHI, SIKE BIAKPUBAETHCS
nicisa Buoopy enementa «I/O Configurationy». Jlam noTpiOHO HajamTyBaTH MPOIECOD, a
MOTIM MOJKHA HaJalITyBaThd HEOOXITHI KapTH Ta MPUCTPoi uisi Hboro. [lpum
HaJallITyBaHHI MOTPIOHO 3HATH TOYHUM TUI HAJAIITOBAHOTO MpHUcTporo. L1 1ani MoxHa

3HAWTH Ha ETUKETIl KOXKHOI KapTh, abo iX MOXHa 3HAWTH 3a JIOMOMOTOK Mporpamu

RSLinx.
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Omxe, croYyaTKy CIiJl HaJAlITyBaTH MPOLECOpP, KIIKHYBIIM MPAaBOIO KHOMKOIO
MUII Ha eneMeHTi 3 mo3Haukoro «1756 Backplane» (y mammi «I/O Configurationy),
3’SIBUTHCSI MEHIO, Y AKOMY BHOUpaeThest «New Moduley 1 3anoBHIOIOTHCS HEOOX1THI JaH1
y BiOOpaXKeHOMY BiKHI, TOJOBHMM YHHOM TOYHHMM TUN 1 Bepcis. [Hmi momymi
HAJIAIITOBYIOTHCS MOAIOHMM YMHOM. Y TaHOMY BHIAIKy BUKOPUCTOBYIOTBHCS TUIBKU
JOT14HI BXOAM Ta BUXOJH, ATy 3 MIBUIKUM JIUYMIBHUKOM 1 YaCTOTHHI MEPETBOPIOBAY.

[HI11 MOy I HANAIITOBYBATH HE MOTPiOHO.

4.3 HaslamTyBaHH# NePeTBOPIOBAYA YACTOTH

1106 HamamTyBaTH 3B’SI30K MK neperBoproBaueM yactotu Ta [1JIK, HeoOxinHo
BcTaHOBUTH Iutaty Ethernet y meperBoproBau. SIkimio 3’e€qHaHHS OYyJIO BCTaHOBIIEHO,
KOH(irypaiito MokHa BUKOHaTH Oe3nocepeanbo 3 cepenoBuma RSLogix 5000. Axmo
3’¢IHAaHHS HE BIAOYJIOCS, IUIaTy HEOOXIAHO HajalmTyBaTd O€3MmocepeHh0 Ha
NEPETBOPIOBAYl YacCTOTH 3a JIONOMOIOI0 Juciuies Ta kiaslaTypu. Cepen HalOUIbII
BOKJIMBUX TMapameTpiB € Homep nopty DPI (mopr, mo sikoro miakirodyeHa Kapra),
HMIBUJKICTh 3B'A3Ky, [P-agpeca, macka Mepexi Ta nuio3 3a 3amoBuyBaHHsAM. llicns
BCTAHOBJICHHSI Ha3BaHUX MapaMETPiB MOKHA MEPEXOAWTH 10 HAJAIITYBaHHS CaMOTO
nepeTBoproBaya. 3BUYAHO, NapaMeTpu IEepeTBOpIOBadYa 4YacTOTH TaKOX MOXHa
3aJaBaT Oe3MmocepelHhO0 Ha HhOMY. TakoXK MepeTBOpIOBaY MOKHA HANAITyBaTH 3a
nonomororo cepenosuina RSLogix 5000. Ak nokazano Ha puc. 4.1, 1100 HanamrTyBaTu
[TY, moTpiOHO crioyaTKy BIAKpUTH ioro MeHto koHpiryparii («I/O Configuration / 1756-
ENBT A / Ethernet / PowerFlex 700 Vector-400V-E»), y BitoOpa)keHOMY BiKHI MO>KHA
no0ayuTH OKpeMi YacTMHU TIepeTBOproBava: MoOAyJlb KoHBepTrepa, LCD-monyns,
KOMYHIKaIliiiHa KapTa, JIe 1 HATAITOBYIOThCS 3a3HaueHI NpucTpoi. Bubupaerscs myHKT
«PowerFlex 700 Vector-400V-E/Parameter List», BiIKpUBaeThCs BIKHO 3 TaOJUIICIO, B
KA 3HaxoasaThesa okpemi mapamerpu [IU. TyT MokHa 3MIHUTH JUIIE TapaMmeTpH,
NpU3HAYEeHl JUIsl 3alucy, a MapaMeTpH, MpU3HAYEH] JMIIE JJIs YUTAHHS, 3MIHUTH HE
MoskHa. [lepur 3a Bce, 1ie mapameTpH, 10 MOBIAOMIISIIOTH PO CTaH 1HBEPTOpPA, TaKi K

BUXIJJHA YaCTOTa, CTPYM a00 HampyTa, HArpyra B MPOMDKHOMY JIaHITI031 1 TOMY MOI0HE.
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Hwuxue HaBenmeHi mapameTpu, BBEACHI KOPHCTYBauyeM MIAKIIOYEHOrO JBUTYHA (THM
JIBUTYHA, HOMIHaJbHA MOTYXHICTh, CTPYM, HampyTa Ta 4acToTa TOIIO).
3a3Buyaii, 11l mapaMeTpyd BCTAHOBJIIOIOTH BIATNOBITHO M0 JaHMX Ha TaOIWYIll

eJIEKTPOIBUTYHA. [HIIIl mapaMeTpH 1aBaTUMYTh 1HIIY MOBEAIHKY IePETBOPIOBAYA.

4.4 Ilink/ar04eHHs1 iIHIYKTUBHOI0 iHKPEMEHTHOI0 JATYHKA

Jlns BuzHayeHHs (DaKTUYHOTO 3HAYEHHS IIBUAKOCTI Ta 3BOPOTHOTO 3B’SI3KY BiJ
JIBUTYHA JOCTII)KyBaHa MpOrpaMa BUKOPUCTOBYE JaHl 1HIYKTUBHOTO THKPEMEHTHOTO
naTuvka. J{aT4uk mojae >KUBICHHS B KJIEMHOI KOJIOAKH JUTS TIAKTIOUEHHS €HKOIepa Ha
nepeTBoproBay 4actoTu (puc. 4.2). CrioyaTky CIiJl MiIKIIOUYATA €HKOJIEP, SIK 3BOPOTHUMN
3B’SI30K JJIS TIEpEeTBOpIOBavYa 4YacTOTH, BCTaHOBUTU TapameTp «#413 Encoder PRR»
(KUTbKICTh MPUPOCTIB Ha 00epT) Ha 3HadueHHs 3; mapameTp «#80 Feedback Select to
Encoder» 1 mapamerp «#412 Motor Fdbk Type» nHa «Single Chany. Temnep, micis
BBEJICHHS Ta HaJAIITyBaHHS 3BOPOTHOTO 3B 3Ky B 1HBEPTOpl, CIIJ 3allyCTUTH
11eHTU(IKAIIHHI TPOTOHU, 00 1HBEPTOP MIT YTOUHUTH MATEMAaTUYHY MOJIEIb IBUTYHA
Ui noaanbiioi podotu. Ilpum cnpoOi KOHTPONIOBAaTH IMIBUAKICTH 3a JOIOMOTOKO
3BOPOTHOTO 3B’SI3KY JABUTYH MOXE OOepTaTHCs HE IUIaBHO, a PUBKAMHU Ha HIDKYUX
MIBUIKOCTSAX. PUBKM B IBUTYHI BUHUKAIOTh Y€pe3 HEJOCTATHIO KUIBKICTh TPUPOCTIB HA

o0epT poTtopa.
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Allen-Bradley
Bulletin 872 Z0(12...24V) Z1(12...24V)
g-wi_re _?C 20 (5V) 21 (5V)
——: L Z0(RET) Z1 (RET)
S umpers - Bo1z..24v) B1 (12..24V)
B0 (5V) B1 (5V)
L BO(RET) B1(BET)
12..24VD Black x0(12..24v) A1 ((124.?24V)
A0 (5V) A1(5V)
Blue
A0 (BET) A1 (RET)
12..24V DG—— Not Used Not Used
Return Not Used Not Used
Not Used Not Used
Out 0 Out 2
Out 1 Out 3
COMMON O COMMON 1
COMMON O COMMON 1
COMMON 0 COMMON 1
DC-0(4) DC-1(+)
[] []

Pucynok 4.2 - Cxema NiaKII0YEHHS IHKPEMEHTHOTO JaTYMKa MBUAKOCTI [17]

Jlns uutedd nmo3uiionyBanHs, B [1JIK BBOAUTHCS 3BOPOTHIN 3B’SI3KOK, TOUHIIIE B
MOJyJIb BUCOKOIIBHUIKICHOTO JIIUUJIbHUKA (UB. puc. 4.2), 1 TIYUILHUK HAJAIITOBYETHCS
Ha MiIpaXyHOK 1MITyJIbCIiB.

Moske BUHUKHYTH CUTYaIlisl, KOJIM CHTHAJ BiJ JaT4WKa MaTUMeE 30ypeHHs depes
MEPeNIKoId BiJ JBUTYHAa Ta MyJbcallli HAMpyTrW S>KUBJICHHS TEpeTBoproBada. Tak,
JIYUIIBHUK MOKE HE PO3MI3HATH IMITYJIbCH BiJ 30ypeHHs, 1 TOMY HEOOX1IHO BUPILIYyBaTH
0 npoosemy. OauWH 3 BapiaHTIB, 110 YaCTKOBO 3MEHIIYE TMEPENIKOAU CUTHATY BIJ
JaTyrKa, TMOJISIra€ y BUKOPHCTAaHHI JJAOOPaTOPHOTO JiKEpena Ui JKUBJIEHHS LbOTO
natyuka. [[pyrum BapiaHTOM € JoaaBaHHs (PEPUTOBUX CEPJICUHMKIB HA TTOYATKY 1 B KIHIII
CUTHAJILHOI JIiHII. [HIIa BUKOPUCTOBYBAHA OIIIis, sIKa MPOMOHYETHCS 0E3MOCEPEIHBO

IUIATOIO JIIYMJIBHUKA, TTOJISITa€ B YBIMKHEHH] IMPPOBOTo PiIbTpa Ha BXO1 JIUUIbHUKA.
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1100 Bu3HAUNTH KOE(DILIEHT MEPETBOPEHHS MK 3HAUEHHAM BUXIJHOI 4aCTOTH Ta
onopuuM 3HaueHHsM y [IJIK, cmig BukopuctoByBaTH ocuuiorpad, MiAKIIOUYEHUN 10
BUXOJY JaTuvka. MoKHAa MOYMHATH 31 3HAYEHHS BUXIJHOI YaCTOTH, MOKA3aHOTO B
CTPYKTYp1 3BOPOTHOTO 3B’SI3KYy 1HBEPTOPA, KOJIHM OMOpPHE 3HAYECHHS BCTAHOBJIEHO Ha 50
['11. BusiBiieHe 4ncio YMCIO CIliJi BBAXATH €TAJTOHHUM 3HAYEHHSIM, 110 Ma€ BIJMOBIIATH
3HaueHHIO BuXigHoi yactotu 50 ['1y, 1 3B1JIcK OOUKCITIOIOTHCS 3HAUYCHHS, HAIIPUKJIIA, JIJIS
10, 20, 30 1 40 I'. Tak mOCTYNOBO BCTAHOBIIOIOTHCS 1HAMBIIyallbHI 3HAYEHHS €TAJIOHY 1
3UUTYETHCS Ha ocIuiorpadi TpUBAIICTh IT'ATH MEP10/IiB BUX1THOTO curHainy. [loaiuBim
IIe 3HAYEHHS Ha M'ATh, OTPUMYETHCS OJWH TMEPiOJ] BUXIAHOTO CHUTHAILy, 3 SKOTO
OOYHCITIOETHCS. 3BOPOTHE 3HAYCHHS 1 OTPUMYETHCS BUX1HY YacTOTa CUTHAY 3 JaTYHKA.
3aBASKM TPaBUWIBHO OOpPaHOMY 4YHCIy 3 TPbOX KpPOKIB 3a 00€pT, MNPHUIIYCKAIOUu
KOMIICHCAIIIK0 KOB3aHHS, BHXIJHA YacTOTa CHTHAly JaTdydKa Mae€ JOPIBHIOBATH
HEOOX1TH1M OMOPHIN YacTOTI.

OT1xe, Tenep Moxe OyTH BIJOMUM CITIBBIAHOIICHHS HEOOX1THOI YaCTOTH Ha BXO/I1
neuryHa ta omnopHoro 3HadeHHs B IIJIK. Tak sik mepeTBoproBau Mpailoe B PEXUMI
peryisitopa IMIBHUIAKOCTI, JOIUIBHO KOHTPOJIIOBATH TOYHICTh LBOIO PEryJIIOBAaHHS.
3HaueHHs JOLIJIBHO BUMIPIOBaTH 3a JOMOMOIOK ociuiorpada, BX1J —SKOTO
M1IKITI0OYAETHCS 10 BUXOAY IHKPEMEHTHOTO JaTYMKa MBUAKOCTI. J[J1s OUTBIIIOT TOYHOCTI

MO>KHA 3YMTYBATH 3HAYCHHS M'SITH MIEPIOIiB 1 PO3PAXOBYBATH CEPETHE MIK HUMHU.

5 AJITOPUTM TA ITIPOI'PAMHA PEAJII3BAIIA ABTOMATHU30BAHOI'O
KEPYBAHHA

5.1 Aaropurm po00oTH IPOrpaMu AaBTOMATHU3ALIL

Pospo6toBana mporpamMa KepyBaHHS TEXHOJIOTIYHOKO JIIHIEHD € OJHUM 13
MOXJIMBUX PIIICHb 3a]]a4 aBTOMATHU3aIlli, 11 00CAT 1 MOKIIMBOCTI JICIIO CKOPOUEHI, SIK JIJIsI
peaNbHOTO YMPABIIIHHS MPOIIECOM Yy MPOMUCIOBOCTI. [Iporiec cBepIIiHHS OTBOPIB Y

3aroTOBKax MOKHA OMHUCATH MOCIIJOBHO. 3aBSKU MPOCTOTI MPOTpaMu Ta 4acTii poOoTI
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3 OiToBuMH 3MiHHMMU MoBa mporpamyBanHHsi LD (Ladder Diagram) [18] 3maerbcs
MIXOIAIIM BUOOPOM 3aBISKH CBOIM SICHOCTI, TPOCTOTI Ta iHTYITUBHO 3PO3YMLIOMY
porpamMyBaHHIO.

OTxe, SK TUTBKH JKUBJICHHSI BKIIOYAETHCSA, MpOrpamMa BUKOHYE IHIIIAJI3AIliIo.
[Himianmizanist 3a6e3nedye nepexia mporpaMu Ha NEpIINi KPoK, OOHYJICHHS JIIYMJIbHUKA
IMITyJIbCIB  HaBaHTAXEHHS BIJI 1HKPEMEHTHOTO JaTydhKa IIBUJIKOCTI JIBUTYHA,
HAJAINTYBaHHA BCIX PYXOMUX YacTUH JiHII HAa BHUXIJHI TMO3ULIi, NpaBUIbHE
HaJIAITyBaHHS BCIX BUKOHABUYMX MEXaHI3MIB 1, 110 HE MEHII BaXKJIMBO, IHIIiai3arlis
MePETBOPIOBaYa Ta MOKJIMBA 3YIMHKA ABUTYHA. JIJIs MOYaTKOBOTO CTaHy JIiHIT KjIanmaH
rigporpumauiB V1 (nuB. puc. 3.1) mae OyTH 3aKkpuTuid, a Kjiamad V2 BIAKPUTHUH,
oOepTaHHs mimiHAeNs Mae Oyt 3ynuHeHo (koHTakT K1 y sxypuami 0). Knanan V3 s
BIIOPCKYBaHHS €MYJIbCii Mae OyTH 3aKpUTHH, a BEPTHKAJIBHUN PYyX CBEPIIAILHOI
TOJIOBKU IMOBUHEH OyTH NMPUMIMHEHUN. SAKIIO0 JaT4uK S7 HE MOBIIOMIISIE TIPO BICYTHICTh
OXOJIOJIPKYIOUOi €eMYJIbCIi, JIIHIS MOXe OyTH 3aIylleHa MPOX0JI0M 3arOTOBKH Ha MOYaTOK
KoHBeepHOi cTpiuku (matumk S1). Komu 3arotoBka HaIXOAWTh 1 JIiHIS AKTUBYEThCA,
JIBUTYH KOHBEEPHOI CTPIYKU 3aIyCKAEThCS 1 MEPEMINIy€e 3aroTOBKY /0 CBEPUIUIBHOT
rojioBku. Lleli cTan TpuBae 10 THX MIp, MOKHU AATYUK S2 HE MOBIIOMHUTH PO MOJIOKEHHS
3aroTOBKH, sIKa 3HaXOJUThCS Ha BiJICTaH1 45 KPOKiB natynka S6 (IHKpPEMEHTHHM TaTunK
MIBUKOCTI JIBUTYHA) Bij MOTPIOHOTO TMOJIOKEHHS 3arOTOBKH JIJIsi CBEPJIIHHS TEPIIOTO
OTBOPY. 3MiHHI peryJisiTopa Alana3oHy ABUTYHA BCTaHOBIIOIOTHCS («SET = 45%», « AKT
= 0»).

PerymtoBanHs miaxoAy /10 MO3HUIIIT 3M1MCHIOETHCS TIIBKU KOMIIOHEHTOM P. Tomy
e JIUIIEe MPOMOPILINHUNA PETYJSATOP 13 BCTAHOBICHHMM HacHUYeHHsSM. BepxHs Mmexa mii
oOMeKeHa MaKCUMAaJIbHOIO MIBUAKICTIO 00€pTaHHS ABUTYHA, PH SIK1H JTIYMILHUK BCE TIIE
3MaTHUN PO3MI3HABATU BIAMOBIAHI IMIyJibch. HIDKHS Mexa MIBUIKOCTI BU3HAYAETHCS
BIJIMOBITHO /10 MIHIMAJIbHOI MIBUKOCTI, 3 SKOIO TMEPETBOPIOBAY IIe 3/aTHUH oOepTaTh
nBuryH. KoediiieHT mOCHICHHS peryaTopa BUOMPAETHCS TAKUM YHMHOM, 100 JBUTYH
o0epTaBcs HACTUIBKM MOBUIBHO MK MEPEAOCTaHHIM 1 OCTaHHIM KpPOKOM, 1100 HOro

MO’KHA OyJI0 3yIUHUTH 3 HEOOX1THOIO TOUHICTIO.
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KonTtponep peanizyeTbcsi B CHCTEM1 yIpPaBIIiHHS HACTYITHUM YHHOM. BBOISTHCS
smiaHI AKT (motouna kimbkicTh kKpokiB), SET (HeoOximHa kinbKicTh KpokiB) i REG E
(BIIXUMJICHHS BiJ peryJIIOBaHHs). Y KOXKHOMY BapiaHTi MporpamMu MOTpiOHO OHOBIIOBATH
sminHy AKT, a motim o6uucmioBatu HopmoBane BiaxwienHs REG_E. Ile Binxunenus
MHOYKaTh Ha BIJIMOBIIHUI KOE(]IIIEHT MOCUIICHHS PETYJIATOpa Ta IPUHMAIOTh OTPUMaHe
3HAYCHHS K Oa)kaHy MIBUIKICTh Ha IIbOMY KpoIll. ¥ MoMeHT, Koiu 3MiHHI AKT 1 SET
piBHI, JBUTYH 3HAaXOIUTHCS B MOTPIOHOMY TMOJIOKEHHI, 1 OCKIJIBKM MIBUIKICTH HOTO
oOepTaHHs JTOPIBHIOE MIHIMAJIbHOMY 3HAUYCHHIO, 3 SKUM JIBUTYH BCE I1I€ 00EPTAETHCS, HE
€ Mpo0JIEMOIO MOT0 HeraitHa 3yluHKa 1 epexiji O HACTYITHOTO KPOKY.

Hactynaum € eran, e noTpioHO 3adiKCyBaTH 3arOTOBKY, 11100 BOHA HE pyxajacs
171 9ac cBepuTiHHA. DiKcallis 3ar0TOBKH 3/IIMCHIOETHCS IIUITXOM BIIKPUTTS KiiarmaHa V1
1 3aKpUTTs KJanaHa V2. 3akpilieHHs 3aroToBKU 3aiiMae Sc. [licas 3akiHYEHHS I[LOTO
yacy, 3aroTOBKa ByKe Mae OyTH 3a)iKCOBAHOIO 1 TOTOBOIO /IO CBEP ITIHHS.

JUist  cBepasiHHA HEOOXIJHO BUKOHAaTHM HACTYNHY MpoLeaypy: ooOepratu
CBEp/UIWJIBHY TOJIOBKY, 3amMuKatoud KOHTakT K1, BcraHoBmoroud koHTaktd T1 (s
BKJIFOUEHHS BEPTUKAIBHOTO nepeMiiieHHs) 1 T2 (a1 pyx BHU3) HA JIOT1YHY OJIMHULIIO,
BIIKpUBarO4M kianaH V3, mo0 nmoyatu BIOPCKYBaHHS OXOJIO/KYIOUOi eMyiibCii. Tenep
CBEP/IJIIHHSI BUKOHY€ETHCSA, JOKH JAaTYUK S4 HE MOBIOMHUTH MPO JOCATHEHHS HUKHBOTO
3a/1aHoro 3HaueHHs. Konu cBepiiibHa roJIoBKa 3HAXOUTHCS B HUKHBOMY TTOJIOKEHHI,
HalpsIMOK BEPTUKAJIBHOI IMOJaul 3MIHIOETHCA, 1 CBEPIJIMJIbHA TOJIOBKA IOYMHAE
nmigHiMaTuCca Bropy. BoHa mponioBKye mMiHIMATHCS, TOKH HE JOCATHE BEPXHBOTO
MOYAaTKOBOTO TOJIOKCHHs. 3a 3aMOBUYYBAaHHSM TIPUIMHEHHS BEPTHKAIBHOI TOIadl
ceepauabHOi TonoBkM (T1=0), oOepranns mmuuzaens (KI1=0) 1 BnopckyBaHHS
OX0JIOKY04U0i emybeii (V3=0).

[Ticnst BUKOHAHHS MEPIIOro OTBOPY 3arOTOBKA BUBUIBHIETHCS, 1O 3A1MCHIOETHCS
IIUIIXOM BIIKPUTTS KianaHa V2 1 3akputts kianana V1. g omepairist 3HOBY 3aiimae 5
cekyHa. Ilicnms 3akiHUEHHS LBOTO Yacy 3HAYEHHS JHYWJIbHUKA, SIKUU MiIpaxoBye
KUIBKICTh TTPOCBEP/IJIEHUX OTBOPIB, 30IBIIYETHCA, & MOTIM HAa OCHOBI 1IbOTO 3HAYEHHS
mporpamMa BHpINIyE, YW TPOJOBXKYBATH CBEPIJIIHHS JOJATKOBUX OTBOPIB, YH

nepeMillyBaTH 3aroTOBKY HAa HACTYIHY BUPOOHUYY JIIHIIO. Y pa3l CBEpUIIHHS 1HIIOTO
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OTBOPY IpOrpaMa MOBEPTAETHCS 10 KPOKY HOMEP 3, Ta MEepeMIlly€e 3arOTOBKY I1ie Ha 45
KPOKIB aTurka SO 1 3HOBY MOYHHAE MOCTIIOBHICTh CBEPUTIIHHA. SIKIIO OCTaHHIN OTBIp
y’K€ BHUKOHAHO, IporpamMa IMepeXOoJuTh [0 HACTYMHOrO0 CTaHy, KOJU JBUTYH
3aIlyCKa€ThCs, & KOHBEEP IMEpPEMIlIy€e 3aroTOBKY Ha HACTYyNHY BUPOOHHMUY JIHIIO Ta
3YNUHSETHCS MICHs IMOBIJOMJIEHHS BIJ AaTyuka S8, SKUH MOBIIOMIISE NIPO TeE, LIO
3aroTOBKY OYyJI0 IMEepEeMiIlIeHO.

SIKIII0 HATUCHYTH KHOTIKY 3YNUHKH, JIHIS TOBEPTAETHCS Y BUXITHUIN CTaH, TOOTO
3ynuHsae KoHBeep, oOepranHs mmubaens (K1=0), BmopckyBaHHS OXOJIOIKYIOUOT
emyibeli (V3=0), miaiimae mmuHaens y BepxHe nosioxkenHs (T1=1, T2=0) 1 3ynunse
BepTukaibHe nepemimieHHs (T1=0). [Ticis mporo 3aropseTbest IHANKATOP HECIIPABHOCTI.
Sxuio nporpama nepedyBae B IIbOMY CTaHl, HE MO>KHAa BUKOHYBAaTH OJIHUX OMeparii.
[ToBTOpHUI 3amyCcK MOMJIMBUUA TIIBKM B TOMY BHIAJKY, SKIIO OMNEpaTop YCYHE
HECHPABHICTb 1 BUIAIUTS 11, HATUCHYBIIM KHOIIKY 3aIyCKY.

VY pas3l HU3BKOTO PIBHS OXOJIOKYIOUOi €MYJIbCii MporpaMa CUTHANI3y€e MpO L
(CBITJIOBUM 1HIUKATOP OXOJOJKYIOUOi €MYJIbCii) 1 JO03BOJISIE 3aBEPIIUTH OOPOOKY
HasIBHOI 3arOTOBKH, ajleé II¢ BUMKHE 3aIlyCK JIIHIi JUJI1 HACTyHMHHMX 3aroTOBOK, IOKHU
€MYJIbCISl HE TIOMTOBHUTHCS.

AJITOpUTM OMNKCAHOI IPOrpaMu HaBeAEHO Ha puc. 5.1.



PI/ICYHOK 5.1- AJ'Il"OpI/ITM MMporpaMu aBTOMAaTHU30BaAHOTO KCPYBAHHS CIICKTPOIIPHUBOAOM

5.2 BizyaJizanisi mpouecy aBToMaTu3aiii

Bizyanizaiis BUKOPHUCTOBYETHCSI B IPOMHCIIOBOCTI, 100 310paTh BaKJIUBY
1H(pOpMALIIIO ITPO TEXHOJIOTTYHUH MPOLIEC 1 YITKO MPEACTABUTH 11 B OAHOMY Micll. Takum
YUHOM, OIlepaTop Mae Bci HeOoOXiAHI JaHl 310paHi pa3oMm. B manuii yac Bizyasnizamis
BUKOPHUCTOBYETHCS HE TUIHLKU B 1HPOPMAIIHHUX LUISX, ajie 1 I B3aEMO/I1i orieparopa 3
IpOLECOM, HAaNpUKIad, BBEICHHS MapaMeTpiB 3a JOIMOMOro KiaBiaTypu abo

CEHCOPHOTO EKpaHy.
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Jlnsa ctBopeHHs Bizyanizauii kommnanis Allen Bradley nmpomnonye iHCTpyMeHT min
Ha3zBoto FactoryTalk View Studio [19]. BuxopuctoBytoun 1eil iHCTpyMEHT, MOXHa
CTBOPIOBATH IIMPOKI Bizyasizallii 3 OaraTbMa mHapamMeTpaMM, BiJl MPOCTOi 1HIUKAIli
CTaHIB IMPOLIECY O BHECEHHS BJIACHUX 300pa)kKeHb y CKJIAJHI aHIMOBaHI 00’ €KTH, SKi
3MIHIOIOTh CBOE TIOJIOXKEHHSI, KOJIIp Ta 1HII BIacTUBOCTI. [IporpamMa BUKOPUCTOBYE Take
K po3TalllyBaHHA BiKOH, sik y RSLinx 5000 [20].

Bizyamizaris (puc. 5.2) cayrye aurie it iHQopMyBaHHS orepaTopa mpo CTaH, B
SKOMY 3HaXOJUTHCS MPOIIEC, MOXKIIUBICTh BBEACHHS OyAb-SKHX MapaMeTpiB B MpPOLEC
BiJIcyTHS. OCHOBOIO III€1 Bi3yauni3alli € BOy/1oBaHe 300pak€HHsT BUPOOHUYO]T JIiHIi, 110
KOHBEEPHIM CTPI4Lll IKOI PYXa€ThCs 3ar0TOBKA, 3aJIEKHO B1J] TOTO, JI€ BOHA PO3TAIlIOBaHA
Ta HEpyXOMa BOHa YU nepedyBae y pyci. SIKI0 KOHBeepHa CTpIUKa PYXa€ThbCs, il pyX
TaKOX MOXHa N00aYyuTH Ha BIANOBIAHUX 00epToBUX Koiecax. Kpim TOro, tyr
posTtaiioBaHi HalBaxuBiMI gatauku S1, S2 1 S8. k110 Oyab-sSKuil 1aTYUK € aKTHBHUM,
BiH OyJie B110OpaXyBaTUCh y Bi3yasi3alii Y4epBOHUM KOJIbOPOM, 1HAKILIE BIH 3aJIUIIUTHCS
CIpUM.

st BiioOpaXkeHHsS BEPTUKAJIBLHOTO TMEpPEMIIIEHHsS Ha HEpPyXOMid YacTHHI
CBEPAJIMIILHOT YCTAHOBKH B110OPaKarOThCS MUTOTIUBI CTPUIKH 3 HAPIMKOM, Y SIKOMY
3MIUCHIOEThCST mepeMimieHHd. OOepTaHHS MIMUHACHS TO3HAYAETHCS MHUTOTIHBOIO
CTPIIKOIO HaJ HWOro BepxHbOIW dacTHHOIO. Dikcarisi a00 3BUIBHEHHS 3aroTOBOK
MO3HAYAETHCS MUTOTIHHAM TiApoUMIiHApIB. [loku 3aroToBka 3akpirieHa, riapaBIiuHun
NPUCTPIA € YEepPBOHUM, B IHIIOMY BHUIAJKy BiH 3aJHMIIA€TbCS CipuM. BropckyBaHHS
OXOJIOJIKYFOUOT eMYJIbCii CyTPOBOIKYETHCS CIIajgaxoM MPOOIHCKOBOTO MPUCTPOIO CUHIM
KojabopoM. [lin yac BUKOHaHHA MpOLECY B JIIBOMY BEPXHbOMY KyTI TOPUThH 3€J€Ha
KoHTpoJibHa Jiamma 3 HanmucoM «STARTEDy, mpu HecnpaBHOCTI TyT TOPUTH Ye€pBOHA
KOHTpOJibHA Jiamna 3 HanucoM «FAULTy. SIkuio npucTpiii He 3amyiieHo, miACBIYeHUI
HAIMC BIJCYTHIN. Y HUKHBOMY JIIBOMY KYTI, BITIOBIJTHO JI0 TIPOIIECY, 3’ IBIISIOTHCS Pi3HI
NOBIIOMJICHHS, 10 CTOCYIOTbCA CTaHy (pikcalli 3aroTOBKH, BEPTHUKAJIBLHOTO
nepeMilleHHsl, 00epTaHHs MINMUHIENS Ta BIOPCKYBAaHHS OXOJIOKYIOUOI eMyJIbCii. Y

BEpPXHI MpaBiii YaCTHHI MOXKHA MOOAYUTHU 1HAMKATOP MOTOYHOI MIBUIKOCTI, 3 SKOIO
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00epTaEThCS IBUTYH, 1, Y BUTIAJAKY PETYTIOBAHHS MTOJIOXKEHHS (pUC. 5.1), TAKOXK KITBKICTh

3aBaHTAXKCHUX TEXHOJOTIYHUX KPOKIB.

Engine speed: _ RPM

G?
S1 S2 ﬁ S8

. e® ) (@] G)

STARTED

| Emulsion injection |

['workpiece fixed | | Start drill | | Drill rotates |

End

Pucynok 5.2 - Bizyanizaiiisi TEXHOJIOTTYHOTO TIPoIiecy 0OpOOKH 3ar0TOBOK

Kpim knmaBiaTtypu 3 kHOmnKamu, nuciiei PanelView Takok MaioTh CEHCOPHHIA
€KpaH, TOMy B MalilOyTHbOMY Bi3yalli3allisi MOke OyTH pO3IIMPEHa 32 PaXyHOK BBEICHHS
napaMeTpiB y mpoiiec. [{e mpusBene 10 OUIbII0T THYYKOCTI BUPOOHUYOI JI1HI1, HAITPUKJIIAI,
MO>KJIMBOCTI BUOOPY KiJTBKOCTI OTBOPIB Y 3ar0TOBII 200 BiJICTaHI OKPEMHUX OTBOPIB OJIUH

B1J] OJTHOTO.
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BUCHOBKHA

Y mepmriii 4YacTMHI JgaHOT pPOOOTH HABEJACHO OMNMUC OCHOBHHUX MPHUHITUIIIB
eKCIUTyaTallli aCHHXPOHHOTO JIBUTYHA, IOr0 MOBEAIHKY B PI3HUX PEKUMax pOOOTH.

Jlami po3ryiiHyTO MUTAHHS PEryJIIOBaHHS IIBUAKOCTI ACHHXPOHHOTO JBUTYHA. TyT
HABEJCHO METOIM KepyBaHHS 3a JOIMOMOTOI0 MEPETBOPIOBAUIB YaCTOTH; OMHCAHO THUIIU
MEePETBOPIOBAYIB YACTOTH 3 iX BJIACTUBOCTSIMU Ta METOJ]aMU 3acTOCyBaHHsM. KpiM Toro,
yBary y po0oTi mpucBsSYeHO crnocobam ympasmiHHS AJl, 30kpema cKalsipHOMY,
BEKTOPHOMY YIPAaBIIIHHIO Ta YIPABIIHHIO 32 KDYTHUM MOMEHTOM.

Hactynaum  eramoM BUKOHaHHA poOOTH € onuc oOJagHaHHS, sKe
BUKOPUCTOBYETHCS ISl KEPYBaHHS IMITOBAHOK) BHPOOHUYOIO JIHIEIO ISl CBEPITIHHS
OTBOPIB Y METAJICBUX 3arOTOBKaxX. Y MOJIOHUX MEXaHI3MaX JOILIBHUM € 3aCTOCYBAHHS
aBTOMATHU30BaHUX eJeKTponpuBoiB 3 moenHanHaMm AJl ta IIY. Tak, HaBeneHo
xapakTepucTuKy KoHTpoisiepa ControlLogix. OnucaHo OCHOBHY YacTHMHY MapaMeTpiB
JAHOTO KOHTpOJIEp, SKUM nependaueHo i BUKOPHUCTAHHSA Y SKOCTI KEepyrdoro
€JIEMEHTa aBTOMAaTU30BaHOI CUCTEMHU.

Busnaueno, mo g KOMYHIKallli €JEeMEHTIB aBTOMAaTHU30BaHOI CHUCTEMHU
JOIIUTBHUM BapianToM € mpomuciioBa mepexa EtherNet/IP. Tak, HaBeneHno nepemnymoBu
cTtBopeHHs ctanaapty Ethernet, a moTiM onucano HoOro NpoToOKOJ, CYMICHICTh 3 IHIIIUMHU
MepeXaMH Ta pillieHHs 111 poOOTH Y PEXUMI PeasIbHOTO Yacy.

VY gKoCTi mepeTBOproBaya MOTYXKHOCTI JUIsl KEPyBaHHS aCHHXPOHHUM JBUTYHOM
oopano IIY Powerflex 700. Tox, HaBeaeHO B SKHX BaplaHTaXx BUITYCKAETHCA
MEePETBOPIOBAY, OMUCAHO MOr0 MOXJIMBOCTI KEPYBaHHS, MapaMeTpH IiIKITIOYCHHS
KJIEMHO{ KOJIOJKH KePYBaHHSI Ta 0COOIMBOCTI MIAKIIOYEHHS eHKoiepa. OCTaHHS YacTUHA
PO3iTy MiICYMOBY€E MapaMeTpy BUKOPUCTOBYBAHOT'O aCHHXPOHHOTO €JIEKTPOIBUTYHA.

Y dgerBeproMy po3aUTi  poOOTH HABEACHO OCOOJMBOCTI HANAIITyBaHHS
aBTOMATHU30BaHOI CHCTEMU KEpPYBaHHS AaCHHXPOHHHM EJIEKTPOIPHUBOIOM Y CKJaji
TEXHOJOr14HO1 JiHIi. Tak, po3risiHyTO MUTaHHS Bi3yaii3allli TEXHOJIOTIYHOTO MPOLECY;
HaBEICHO OMUC poO0OYOro UKIY KepyKdoi IporpaMu Ta MpoLeyp, 3a JOIOMOTOI0 SIKUX

pealnizyeThes iMiTaIliliHe cepeIOBUILIE.
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Busznaueno, 1o Bizyaizailisi BCbOro po0040ro nporiecy € eheKTUBHOIO YaCTUHOIO
pPO3pOOKH aBTOMATHU30BAaHUX CHUCTEM KEPyBaHHS TEXHOJIOTITYHUMH Mpoiiecamu. BoHa
3abe3reuye BITOOpaKCHHS HaWBaKJIMBIIIOI 1HGOpMaIi MO0 Mmepediry MOTOYHOIO
IPOIIECY.

AnroputM poOOTH aBTOMATH30BAaHOI JIiHII MEXaHIYHOi OOpOOKHM 3aroTOBOK
PO3pO0IIEHO 3 ypaxyBaHHIM MOXJIMBOCTI HOTO BUKOPUCTAHHS Il HABYAJIBHUX TIOTPEO,
Ta € OJHUM 13 MOKJIMBUX BapiaHTIB PO3POOKH aBTOMAaTH30BAaHUX CHUCTEM KEpPYBaHHS

CICKTPOIIPUBOAAMMU.
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1 GENERAL INFORMATION ABOUT THREE-PHASE ASYNCHRONOUS
MOTORS

The induction motor is undoubtedly the most used motor at present, it has won its
place due to its reliability, ease of maintenance and cost. It has found its application as a
drive for fans, pumps, compressors, etc. It used to be very difficult to regulate the speed
of this motor, but this problem was solved with the advent of power electronics, especially
frequency converters. The ability to adjust the speed has eliminated the biggest and at the
same time essentially the only disadvantage of this motor and has led to the use of this
motor in systems that require precise control of speed or range and has expanded the
limits of application of this type of motor. Currently, the engine is used in the vast
majority of mechanisms. It is produced in the power range from a few watts to 20 MW
[1].

Asynchronous machines belong to a large group of electrical machines that convert
electrical energy into mechanical energy and vice versa. Electric machines are divided
into engines that convert electrical energy into mechanical energy and generators that
convert mechanical energy into electrical energy. However, asynchronous machines are
used exclusively as motors with linear or rotary motion. The biggest advantage of an

induction machine is its simplicity, lack of maintenance and low price.

1.1 Construction of an asynchronous electric motor

Like other electric machines, an induction motor consists of a stationary part
(stator) and a moving part (rotor). The stator consists of a cast iron, welded or aluminum
structure and two bearing shields. Sheets are pressed into the stator housing, which are
isolated from each other and form the magnetic part of the machine circuit. The rotor
plates are pressed onto the rotating shaft. The movement of the rotor is possible due to
the air gap between the rotor and the stator, which is determined by the bearings in the
already mentioned bearing shields. The scheme of an asynchronous machine is shown
in fig. 1.1.
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Figure 1.1 - Location of the main parts of an induction motor [2]

The stator winding stored in the slots is usually three-phase, but it can be single-
phase or two-phase, the beginnings and ends of which are connected to the stator terminal.
The rotor winding, which is also placed in the rotor grooves, is called an armature. For
engines of higher power, copper or brass non-insulated wires connected by rings are
provided in the grooves. In smaller motors, the windings are cast together with the
aluminum fan blades, and this winding is called a “cage" winding. In motors with a phase
rotor and rings, the three-phase winding of insulated conductors is stored in slots. The
beginning of the phases is connected to a node, the ends of which are connected to three
contact rings adjacent to the brushes. In this way, speed control and starting devices are

connected to the engine [2].

1.2 Principle of operation of an asynchronous electric motor

The principle consists in the interaction of the rotating electromagnetic field of the
stator and the rotor. Individual stator coils are spatially offset by 120° and are powered
by a symmetrical three-phase network. The flow of currents in this network is shown in
fig. 1.2, create a magnetic field that crosses the conductors of the rotor, in which voltage
is induced. This voltage arises only in the assumption of relative motion of the stator
magnetic field to the motion of the rotor. That is, different revolutions of the magnetic

field of the stator versus the revolutions of the rotor. This speed difference is called
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sliding. Slip varies depending on the load on the machine, that is, on the magnitude of the
moment acting on the rotor. The nominal slip is from 1% of large engines to 10% of small
ones. The speed of the stator depends on the frequency of the supply voltage and the

number of poles of the machine.

Figure 1.2 - Current flow in a three-phase network [3]

Due to the passage of current in individual windings inside the stator, a magnetic
field is created, formed by the vector sum of the magnetic fields created by individual
coils. A rotating magnetic field is formed due to the time courses of the current of
individual phases and the spatial distribution of the windings in the stator. The rotor, as a
rule, has a clip (Fig. 1.3), the rods are placed in the grooves of the rotor, and the rings are

connected at both ends (made most often as aluminum castings).

Figure 1.3 - Design of the AD rotor [3]

As mentioned earlier, the asynchronous machine is operated mainly in motor mode.

Other modes, i.e. brake and generator, will be described below.
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In fig. 1.4 shows the torque characteristic of an asynchronous machine,
conventionally divided into 3 areas (according to Fig. 1.4, from left to right). The first
area reflects counter braking. This is a motor condition where torque applied to the motor
shaft causes the motor to slow down, stop, and rotate in the opposite direction. In this
case, the moment is positive. The torque of the motor decreases with increasing negative
revolutions, and the current consumed from the network increases. Under these
conditions, the motor acts as a brake, which is very useful for some applications, but at
the same time, due to the excessive current flowing, it is thermally overloaded, so it
cannot operate in this condition for a long time.

The second part of the characteristic expresses the natural operation of the engine.
The motor torque exceeds the slave load torque, the motor starts with a dynamic torque
equal to the difference between the motor torque and the slave load torque, until these
torques equalize and the motor speed stabilizes. The torque of the motor at zero speed is
called the starting torque, and it is the moment at which the motor starts to start after
connecting to the mains. As the revolutions increase, the engine torque increases until the
turning moment is reached, this moment is maximum and marks the beginning of the
working part of the characteristic. From this point, the motor torque will begin to decrease
with increasing speed until the rotor reaches synchronous speed. At this point, the torque
of the motor is zero, which is a result of its principle of rotation and the law of induction.
The current through the motor decreases with increasing speed, when the rotor rotates at
synchronous speed, the current consists only of losses.

The third part of the characteristic corresponds to the condition when the motor is
forced to rotate at a speed exceeding the synchronous speed and corresponds to the

generator mode.
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Figure 1.4 - Torque characteristics of an asynchronous machine [3]

Operating modes of AD

Braking mode

In the braking mode, the rotor rotates against the direction of the rotating magnetic
field of the stator, a braking torque is created that acts against the direction of rotation,
the slip is greater than 1, it consumes excess current from the network, causing thermal
and mechanical stress. Therefore, the machine cannot be used for too long in this mode.

Engine mode

The machine in this mode has a higher torque than the load moment. The moment
at which the motor starts to rotate is called the starting moment. As the speed increases,
the engine torque increases to a maximum, which is called torque. The torque is then
rapidly reduced to the point at which the motor reaches synchronous speed. At this stage,
the moment is zero, the slip is 0, the engine goes into the next mode.

Generator mode

Another mode is the generator mode, in which the rotor of the machine has higher
revolutions than the revolutions of the magnetic field of the stator. The voltage and current

are reversed, and the machine generates electricity into the power system [2].
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Braking of an asynchronous motor

Due to the kinetic energy of the rotating parts, the machine continues to work for a
long time after disconnection from the mains. If necessary, you can use the car to brake
another car. Braking is performed in three ways.

Counter current braking

Countercurrent braking is implemented by simply connecting two phases on the
stator terminal block. This leads to a change in the direction of rotation of the stator
magnetic field. This is very wasteful braking because all the motor energy is converted
to heat in the rotor resistors. Also, this braking method can only be used for a short time
due to the large currents flowing through the motor windings.

Engine mode

The machine in this mode has a higher torque than the load moment. The moment
at which the motor starts to rotate is called the starting moment. As the speed increases,
the engine torque increases to a maximum, which is called torque. The torque is then
rapidly reduced to the point at which the motor reaches synchronous speed. At this stage,
the moment is zero, the slip is 0, the engine goes into the next mode.

Generator mode

Another mode is the generator mode, in which the rotor of the machine has higher
revolutions than the revolutions of the magnetic field of the stator. The voltage and current

are reversed, and the machine generates electricity into the power system [2].

Braking of an asynchronous motor

Due to the kinetic energy of the rotating parts, the machine continues to work for a
long time after disconnection from the mains. If necessary, you can use the car to brake
another car. Braking is performed in three ways.

Counter current braking

Countercurrent braking is implemented by simply connecting two phases on the
stator terminal block. This leads to a change in the direction of rotation of the stator

magnetic field. This is very wasteful braking because all the motor energy is converted
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to heat in the rotor resistors. Also, this braking method can only be used for a short time
due to the large currents flowing through the motor windings.

Regenerative braking

Braking with energy generation into the network occurs if the rotor rotation
frequency is higher than synchronous. Thus, the machine acts as a generator, supplying
active power to the network. The motor can be switched to this braking mode by changing
the number of poles or by using a frequency converter. Thus, the car cannot be stopped
completely.

Dynamic braking

Dynamic braking consists in disconnecting the stator from the alternating current
network and exciting it with direct current. A permanent magnetic flux is created in the
stator winding. The current induced in the rotor, together with the generated flux in the
stator, creates a torque acting against the rotating rotor. The torque can be created even at

low revolutions and, thus, brake the engine [2].

Start of asynchronous motor

Due to the large current drop, the motors whose starting power is less than 22 kVA
can be directly connected to the public electrical network. This corresponds to
approximately 3 kW. Therefore, when starting a motor with a power greater than the
already mentioned 3 kW, it is necessary to reduce or eliminate the current throw by one
of the following means [2]:

Starting a motor with a short-circuited rotor is performed using:

- using a starter;

- by switching star-delta modes;

- autotransformer;

- semiconductor voltage regulators;

- special cage modification;

- double cage.

Starting a motor with a phase rotor:

- by changing the total active resistance of the rotor.



71

Regulation of the speed of asynchronous ED

Engine speed control can be implemented in several ways. Changing the slip,
which is very uneconomical, or changing the number of poles, which leads to step
regulation and, finally, changing the speed of the stator magnetic field. The last
adjustment is carried out by a frequency converter [2].

By switching poles

Changing the number of poles allows you to adjust the speed only stepwise, and
the number of steps is small, usually two steps. A larger number of poles would require
complex commutation and make the proposed machine more expensive. Typical
examples of a two-stage induction motor are old elevators that brake just before stopping
at a destination, or old washing machines where two stages were used to change the mode
(wash and rinse).

By changing the slip and supply voltage

Adjusting the speed by changing the slip in ring motors, including resistance in the
rotor circuit is very uneconomical, as the rings and brushes wear out.

For motors with a cage change of the square of the supply voltage, the torque of
the motor changes, and with it, the revolutions. This control is mainly used for the so-
called soft start.

By changing voltage and frequency

This type of control has been in use for a relatively short time, it began to be used
with the development of IGBT transistors capable of switching large powers and
maintaining an acceptable switching speed.

Thus, it is reasonable to consider the inverter as a power converter for the electrical

equipment under study.

1.3 Speed control of an asynchronous motor using frequency converters

The principle of operation of the frequency converter

This is a lossless control in which the power supplied to the stator comes from a
variable frequency source. To regulate the speed, it is necessary to maintain a constant

ratio of supply voltage and frequency (1/1= constant). If this ratio is kept constant, the
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magnetic flux and the mechanical and torque moments of the motor will be constant. This
is used, for example, in trams, where it is advantageous to have the maximum torque, up
to a certain speed (and therefore the amount of revolutions) and thereby provide the
maximum possible acceleration. After reaching a certain value of the frequency, the
increase in voltage stops (given by the design of the converter) and only the frequency
increases. The engine begins to extinguish the excitation, the torque decreases
hyperbolically, and the power, which until then grew linearly, stabilizes. This behavior is
reminiscent of a DC series motor. Therefore, this drive is widely used in electric traction
[4].

Types of frequency converters

Freguency converters are made in two main variants: direct and indirect converters.

Direct frequency converters consist of four inverting thyristor rectifiers that switch
an input frequency to produce a different output frequency. In this way, an output
frequency of up to 25% of the input frequency can be created, which is why these
converters are used for slow-running, high-power motors. In matrix inverters, closing
transistors or GTO thyristors are used, which allows you to achieve an output frequency
higher than the input frequency.

Indirect frequency converters [5] (with an intermediate constant voltage link) have
three main parts: a rectifier, an intermediate constant voltage link and an inverter with
IGBT transistors.

The most famous and most used are indirect converters with an intermediate link
of constant voltage (Fig. 1.5). As a rectifier, you can use a six-pulse rectifier in cheaper
versions, and in more expensive versions, this rectifier also allows you to return energy
back to the network. The intermediate voltage circuit is formed by an electrolytic
capacitor supplemented with a braking resistor, which is used to brake the motor without
recuperation. In a three-phase inverter with IGBT transistors, sinusoidal pulse width
modulation (PWM) is used, which consists in alternately connecting the load to the
voltage of the intermediate link, thanks to the characteristics of the inductive load, an

almost sinusoidal current flows.
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Figure 1.5 - The structure of a frequency converter with an intermediate link of

constant voltage [5]

Types of motor control by means of a frequency converter

Scalar control

This is the most commonly used control, sometimes called voltage/frequency
control. The advantage of this control method is the possibility of control in an open loop,
that is, without feedback. It is reported that more than 90% of regulated induction motors
in industry are controlled by scalar control without feedback [4]. The disadvantage of this
control is that it does not achieve as good results in controlling static control accuracy and
drive dynamics as other control methods using feedback input and using a PI controller,
where the static accuracy is greatly improved, but the dynamic properties of the drive still
not as effective as other types of management.

Scalar control consists in regulating the constant magnetic flux in the motor, which
is ensured by maintaining a constant ratio of input voltage and frequency. At low
frequencies, it is not possible to maintain a constant magnetic flux in the motor, and
therefore the torque in this area is reduced. At high frequencies, it is impossible to
continue its increase due to too high voltage, this leads to a uniform decrease in torque.

Figure 1.6 shows the torque characteristic of a motor with scalar control.
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Figure 1.6 - Torque drop with scalar adjustment of AD [4]

Vector control

With vector control, it is necessary to control not only the value of the magnetic
vector, but also the position of rotation. Vector control is divided according to the method
of obtaining information about the position of the magnetic flux vector into direct and
indirect methods.

Direct method - the magnetic flux vector is obtained from the stator voltage and
currents. If a mathematical model is available to calculate slip, no additional
measurements of rotor speed or position are required.

Indirect method - the magnetic flux vector is calculated from the mathematical
model for calculating the slip and rotor position, which entails the need to measure the
rotor position. A rotor position sensor can also be used to control speed and position. A
PI controller is used for speed control, just like in scalar control, only a PI controller is
used for position control.

Maintaining the moment

For this method, it is important to have the exact engine model available. This is
determined during the identification run that is performed when the engine is installed in
the program. The torque of the motor is formed by the vector product of the magnetic flux

vector of the stator and the rotor. If the absolute value of the stator flux is maintained
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constant, the torque will be proportional to the magnitude of the stator and rotor flux
angle. During the identification run, the main parameters of the engine model are
adjusted. Direct torque control requires a powerful microprocessor. The principle consists
in creating a rotating magnetic field of the stator with the possibility of controlling the
speed of rotation of this field and, thus, the torque of the motor. This control provides
very good results for dynamically demanding systems, but the problem of this control is

the low speed of reversal [4].

Motor braking using a frequency converter

Frequency converters allow you to brake the motor with a constant voltage . This
braking method is used to stop the rotor. For deceleration, generator braking [5],
described in the previous sections, is used, during which the frequency is gradually
reduced and, thus, the synchronous revolutions are also reduced. Thus, the motor goes
into the generator state, and the converter maintains this state until the motor shaft stops.
When decelerating the motor, which is more demanding, the DC link generates
corresponding pulses, the source of which is the energy generated by the motor. This
problem is solved by connecting a resistor, on which the excess power of the intermediate

link is converted into thermal energy.

1.4 Tasks of modernization

According to the results of the analysis of AD characteristics and operating modes
carried out in the previous paragraphs, the requirements for the engine control system are:

- a wide range of engine speed regulation;

- possibility of maintaining a constant speed/moment;

- motor current control;

- temperature control of the stator windings means of computing power of the
power converter;

- smooth start;

- implementation of the accuracy of the positioning of the working body of the

mechanism due to the smooth execution of the specified engine operating modes;
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Taking into account the established requirements for the AD control system, the
tasks of modernization are as follows:

1) Select the appropriate elements of the electric motor control system.

2) Select the specified three-phase asynchronous motor and frequency converter
models.

3) Develop a scheme of the electrical principle of the electric drive.

4) On the basis of the formed electric drive system, describe the flow characteristics
of the corresponding technological process.

5) Form conclusions based on the results of modernization.
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AxkmyanvHicmo memu pooéomu. 3aBAsSKU CBOIN MPOCTOTI, HAJIMHOCT1 , HU3BKIN
BapTOCTI Ta 6AaraThOM IHIIMM XapaKTepPUCTUKaM acuHXpoHHMN ABUTYH (A]l) panimie OyB
HaWOUTHIII BUKOPHUCTOBYBAHMM Y 3a/1a4yax, Kl HE BUMAarajd PEeTYIIOBAHHA EJIEKTPUYHOTO
npuBony (EIl), ockuibku 116 OyIO CKJIAQJHAM TIpOLECOM 1 He JaBajo OakaHux
pesynbsratiB. KpiM Toro, CTpuOKM CTpyMy, sIKi BUHMKAIOTh IIJI 4Yac 3aMyCKy ILOT0 THITY
IBUT'YHA, Oylld MEPEIIKOAO ISl OUThII IIMPOKOro BHPOBAJKEHHSA . OJHAK 3 TOSBOIO
CWIOBOI EJIEKTPOHIKM TMpOOJIEeMY PETYIIOBaHHSA Ta CTPUOKIB CTPyMy Oy/lI0 BHPIIICHO , 1
CHOTOJHI Tl JBUIYH TAKOX BUKOPHUCTOBYETHCS JJII TOYHOTO KOHTPOJIO IIBHIKOCTI,
KPYTHOI'O MOMEHTY a00 MO3UIIOHYBAHHS .

3aBAsiKU  MAacOBOMY  BHUPOOHMIITBY ~ OJIOKIB ~ KEpyBaHHS,  HalpuKIal ,
neperBoproBauiB  yactoru (ITY), ixHs 1mHa 3HM3WIACA, 1, OTXKE, AOLUIHHICTH
BUKOPUCTAHHS IbOr0 MPUBOAY PO3IIMPUIACS , BKIIOYAIOYU MEXAHBMHU, JI€ BaXIJIMBOIO €
TOUHICTH perymoBanus EII.
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Memorw pobomu € po3poOKa METOAUKA TOOYIOBU MIKPOKOHTPOJIEPHOL
CHUCTEMH KE€PYBaHHSI TPH(Pa3HAMU ACUHXPOHHHIMH €JICKTPOJBUTYHAMMU .

3aoaui pooomu :

1) TIlpoBectu BHOIp  BIIMOBIIHUX  €JEMEHTIB CHUCTEMHU  KepyBaHHS
€JIEKTPOJIBUT'YHOM .

2) OOpatu Bu3HaueHi Mojeil Tpupa3HOrO ACHUHXPOHHOTO JBUTYHA Ta
NIepeTBOPIOBa4Ya YacCTOTH.

3) Po3poburu cxemy eJIeKTpUYHY TPHUHIMIIOBY €JICKTPOIPUBOTY .

4) Ha ocHoBI  Cc(hOpPMOBaHOI  CHUCTEMU  EJIEKTPONPHBONY, HABECTH
XapaKTEPUCTHUKY MPOTIKAHHSA BIATIOBITHOIO TEXHOJOITYHOIO MPOLECY .

5) Po3poburu anropurM — aBTOMAaTH3alli TEXHOJOTYHOrO  Tpolecy 1B
3actocyBanHsiM AJl, ITY Ta nporpaMoBaHOro JIOTTYHOTO KOHTPOJEpA .

6) CxiacTy BUCHOBKU 3a pe3ylbraTamMu poOOTH.
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XpakakTepUCTUKN aCUHXPOHHOTO €JICKTPOBUIYHA

Enexrponsuryns MEZ Mohelnice 1,1 kBt PosrainyBaHHsS OCHOBHHMX YaCTHH

[ ® ACHHXPOHHOTO JIBUI'YHA

[Tapametpu AJl MEZ Mohelnice
XapaKTepUCTUKA KPYTHOTO MOMEHTY

Kinbkictb ¢as 3 ACHUHXPOHHO1 MallHMHU
RN KopoTKOo3amKHy T
HomiHazibHa NOTY)KHICTb 1,1 KBt
Hanpyra YKUBNEHHA V78 380 Br M LA
3'eAHaHHI 3ipKoIo /
Hanpyra KUBNEHHA 78 220 Bt ﬁ
3'€eAHAHHI TPUKYTHUKOM
KinbKictb 06epTiB Ha XBUAUH 930
HomiHanbHui CTpyMm 78 3,1 A I\lll.\\—\ MM
3'eAHaHHI 3ipKoIo My
HomiHanbHUM CTpym 54 A
3'€eqHaHHI TPUKYTHUKOM < =0 n=ns; L
: 0,75 y=1 /,..: o
B
130C
M
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XapakrepucThka koHTpojiepa Ta Moayisi Ethernet/IP

Mo gy TUIK 1756-L61 A

cepii 5561 Xapakrepuctuka [1JIK ControlLogix 5561
__ Napamerp | 3WaueWwa
Mam'aTb KopucTyBaya 2 Mb
Pe3epBHa Nnam'ATb 64 M6
IHTepdeiic 38'A3Ky RS-232
MakKc. KinbKictb Mg poBux Bxoais/suxogis 128 000
MakKc. KinbKicTb aHanorosux Bxogis/suxop,is 4000
Mam'aTb BBeAeHHA/BUBEAEHHA 478 K6
MiuHictb isonayii 30 B nocriiHo, 707 B npotarom 60 cekyHz,
I .32 kr
IHpekc Temnepatypu IEC T4 (maKc. nocTiiHa TemnepaTypa MOBEpPXHi
135C)
KatanoxHuit Homep 1756-L61A

Mo aynsEthernet/IP
cepil 1756-ENBT A

Xapakrepuctuka Mmoayist 1756 -ENBT A
. Mapamerp [ 3Wauvewwn |

Leunakictb nepepavi 10/100 M6it/c

MakKCc. KinbKicTb niHili 38'A3Ky 128 Logix, 64 TCP/IP

CnoxXnBaHa NOTYXHICTb 3,65 Bt

MiuHicTb i3onauii 30 B nocriiHo, 707 B npoTtsirom 60 cekyHa,

2T N 145, kareropia 5

KatanoxHuii Homep 1756- ENBT A
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[TapameTpu nepetBoproBada yactotu PowerFlex 700

ITep eTBOp FOBAWMAaCTOTH
PowerFlex 700

LCD mucrisieti 3 kiaBiatypoto

. Mopamewp [ 3wevewms |

Hanpyra xusneHHs
BuxigH1i ctpym

Hanpyra kepyBaHHsA

BigxuneHHa BxigHoi Hanpyru

BigxunneHHa yactotn

Makc. cTpym KOPOTKOro 3aMuKaHHA
MNMpoAyKTUBHICTb NpU KUBNEHHI Bif, oaHiei ¢pasmn
Me:ka nepeHanpyru Ha BXoai

Meka nepeHanpyru Npomi*KHoOro Kosna

Me>Ka 3HMKEHOI Hanpyryu NPOMIXKHOTro Kona
HomiHanbHa Hanpyra npomiXkHOro Kona

Yac po6oTu npu BigKAOUEHHI eneKTpoeHeprii

Pobora Kepywuoi NOrikKM nNpu  BigKAOYEHHI
eneKTpoeHeprii

Ekcnnyartauia Ha BUCOTi Hag, piBHeM mops

Pobounii pianasoH TemnepaTypu HaBKO/ULLHLOrO
cepepoBuLLA

MaKcMmanbHa BiAHOCHa BOOrFiCTb

[onycrtuma Bibpauin

4008, 3-¢

11A

IP 20

24 B 3miHHOro/nocTiiHoro crpymy
+10%

47-63 Iy,

200A

50%

475 B 3MmiHHOro cTpymy

810 B nocTiliHOro cTpymy

305 B nocTiitHoro cTpymy

540 B nocTiiHoro crpymy

15 mc npy NOBHOMY HaBaHTAXKEeHHi
2c

1000 m 6e3 nagiHHA MOKa3HUKIB
0-50C

90% 6e3 KoHAeHcalLi
amnnityaa0,152 mm, 1G
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CxeMa eJIeKTpHUYHa IIPUHIIUIIOBA SJICKTPOIPUBOIY
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AJITOpUTM pOOOTH ABTOMATU30BAHO1 CUCTEMU KEPYBaHHS
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Bucnoexu

V nepuuiii 4acTHHI 1aHOT pOOOTHHABEIEHO ONIUC OCHOBHHMX P MHIIUIIIB €KCILTYy aTallli aCHHXPOHHOTO
JBHI'Y Ha, HIOTO IOBEIIHKY B PI3HUX PEKMMaxpo0oTH

Jani po3nisiHy TO MU TAHHS PETyIOBaHHSLIBAIKOCTI aCHHXPOHHOTOBUIYHa. TyT HaBeICHO METO I
KEpyBaHHS 3a JOMOMOTOIO0 MEPETBOPIOBAYIB YACTOTH, OINUCAHO THUIHM MEPETBOPIOBAYIB YACTOTH 3 iX
BJIACTMBOCTAMM Ta METOJAMM 3aCTOCYBaHHAM KpiM ToT0, yBary y poGoTi NpUCBAYEHO CLIOCOOAaM yIpaBIiHHs
AJl,30KpemMacKaIipHOM Yy BEKTOPHOM Yy IPaBJIIHHIOTA YIIPABIIHHIO3a KDY THUMMOMEHTOM

Hactynnum etanioM BUkoHaHHS poOOTH € OTIKUC 00N IHAHHS] SIKE BUKOPUCTOBY EThCSIISI KEPYBaHHS
IMITOBaHOIO BUPOOHUYOOIIHIEIO ISl CBEPJIIHHS OTBOPIB y METaJeBUX 3ar0OTOBKAaX Y MOMIOHUX MexaHi3MaxX
JOUUIBHAM € 3aCTOCYBaHHS aBTOMATH30BaHHUXCJICKTPONPHBOB 3 moeHanHsaM AJl ta ITH. Tak, HaBeaeHO
xapakrepuctuky koutposepa ControlLogix OmucaHo OCHOBHY YaCTHHY MapaMeTpiB IaHOTO KOHTPOJIEP, AKUI
nepedaICHOL BAKOPUCTAHHSY SIKOCTI KEPYF0IOT0e/IeM €HTAaBTOMATH30 BAHO CHCTEM U

Busnaueno, mo sl KOMyHIKalll €J€MEHTIB aBTOMAaTH30BaHOICUCTEMH JOLUIBHUM BapiaHTOM €
npomucnosamepexaEtherNet'IP. Tak, HaeneHo neperyMoBrUcTBOpeHHsACTaHAapTy Ethernet a motim onmcano
HOT0 TP OTOKOJI,CYMICHICTB3 IHIIMM M MEPEKAMUTA PILEHHS 11 pOOOTHY PEKHMMIPEATLHOI0YaCy.

Y SKOCTI MEepeTBOprOBada MOTY)XKHOCTI [VIsi KepYyBaHHsS aCHHXDOHHHM ABUTYHOM oOpauo IT4
Powerflex 700. Tox, HaBeIeHO B AKMX BapiaHTaX BUILY CKA€TbCs IEPETBOPIOBAY OMUCAHO HOTO MOKIMBOCTI
KEpYBaHHS NapaMeTPU MIKIFOYEHHS KIEMHOT KOJIOJKA KEPYBAHHSA Ta 0COOIMBOCTI MIAKIIOYEHHS €HKOAEpa
OcTaHHs YacTHHA PO3LTY TiICY MOBY €lIapaM €TPHBUKOPHUCTOBY BAHOTACHHXP OHHOTOEJICKTP O IBUTY HA

Y detBepTOMY PO31Ii POOOTH HABEJCHO OCOOIMBOCTI HANAIITY BAHHA aBTOMATH30BAHOICUCTEMH
KEPYBaHHs ACHHXDOHHHM EJIEKTPOIPHUBOJIOM y CKIAMl TEXHOJOTYHOI JiHii. Tak, pO3NISHYTO NUTAHHS
BI3yai3allil TeXHOJIOTTYHOTO POLIECY, HABEJCHO ONUC POOOUOTOLHKITY KePYH4O0iIporpaMuTa MpoLeyp,3a
JIOTTIOMOTOIOKUX Pealli3y €ThCAIM ITalliifHE CepeIoBUIIE

Busnaueno mo Bi3yam3alisi BCbOTO po0O0OYOro mpoiecy € e(eKTHBHOI YacTHHOI PO3pOOKU
aBTOMATU30BaHMX CHCTEM KEpyBaHHS TEXHOJIOTMHMMHU mpouecaMu Bona 3a0e3neuye BinoOpakeHHS
HAMBaXXJIMBINIOTIH( OPMAILIIlI0I0 EPEOIry IO TOYHOTONPOIECY

Anroput™ po0OTH aBTOMATU30BAHOI JIiHI MEXaHIYHOT OOpPOOKM 3ar0TOBOK PO3POOIICHO 3
ypaxyBaHHSM MOKJIMBOCTI HOTO BUKOPUCTAHHS JUII HABUAILHUX ITOTPEO, Ta € OJHUM 13 MOKIIMBUX BapiaHTIB
PO3pOOKHABTOM ATH30 BAHUXCUCTEM KEPYBaHHSICICKTPOIIPUBOIaM U



