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HEUYITKE KEPYBAHHS EJIEKTPOITPUBOJIOM KOHTYPA CTABLII3AIII 3YCHJLIA
PI3AHHA 3A HASIBHOCTI 3bYPEHBb KOJIMBAJIBHOI'O XAPAKTEPY

* * %
A.B. Toponos , xana.TexH.Hayk, A.B. bocak , kaHa.TexH.HayK
Hamionansuuii Texniynmii yniBepcurer Ykpainu «KuiBcsknii nomitexniunuii ineruryt im. 1. Cikopcbkoroy,
np. [lepemornu, 37, Kuis, 03056, Ykpaina. E-mail: alla_koz@ukr.net

Bupiweno 3a0auy po3pobku neuimroeo pecyiamopa 0s cucmemu cmaobinizayii maneeHyiaibHoi ck1adosoi 3ycuiis pi-
3aHHS, WO 0a€ 3M02Y RIOBUWUMU NPOOYKMUBHICMb 00IA0OHAHHA MA HAOIUHICIb MemanooopobHux eepcmamis. Po3po6-
JIeHO CIMPYKMYpPY HeuimKo20 pe2yiamopad 3 6XIOHUM CUSHAIOM 3a0aH020 3HAYEeHHs cmabini3o8anol CKIa0080i 3yCuuis
Pi3aHHA Ha NiOCMAsi aHAi3zy CMPYKMypu HedimKux pe2yiamopis 3 6UKOPUCMAHHAM PISHUX Memo0dié UEeOeHHs BUXiO-
HO20 cucHany. J{is 8paxy8anus nausy 3MiHu npunycky nio uac obpobku demaii 3anponoHO8AHO BUKOPUCINOBY8AMU KO-
JIUBANBHY JIAHKY, HA 6Xi0 AKOi HA0X00ums NOCri008HIicMb iMNYIbCHUX yHKYiU. IIposedeno docnioxiceHHs OUHAMIYHUX
Xapaxmepucmuxk cucmemu cmaoinizayii 3ycuiis Memooom yu@dposo2o MoOOEI08ANHHS 3 GUKOPUCIAHHIM NPUKIAOHO20
naxema MATLAB i3 epaxysanusm eapMOHIYHUX KOAUSAHb NPUNYCKY MA HENIHIUHOL 3a1eHCHOCMI 3YCUNIA PI3aHHS 8I0
nodaui. Ilpoananizosano ompumani epapixu nepexionux npoyecié 3a MaHeHYiaIbHOI CKIA0060I0 3VCUNLIS PI3AHHAL.
THokazano mooicnusicms npakmuynoi peanizayii cucmemu cmaoinizayii 3ycuiis pi3ants Yy CYYACHUX epcmamax i3 Ha-
niBNPOBIOHUKOBUMU NEPEMBOPHOSAYAMU MA MIKPONpoyecopHum broxom kepysanus. biom. 10, puc. 6, Tabdm. 1.

Knrwowuoei cnosa: cucrema crabinizanii 3yciuts pizaHHs, HEUITKUI PeryysTop, TapMOHIUYHUNA XapakTep 30ypeHs, iHep-
[iHICTB TpoIIeCy pi3aHHSA, MOJCITIOBAHHS.

Beryn. YV cydacHuX cucteMax KepyBaHHS TEXHOJIOTIYHHMH TapaMeTpaMH mporiecy (pesepyBaHHS
JeTanell Ha MeTanopi3ajJbHUX BepCcTaTax 3aCTOCOBYIOThHCS PI3HOMAHITHI 32 CTPYKTYpoto peryisitopu [1, 2]. B
OCHOBHOMY B TaKHX CHCTeMaX BUKOpHUCTOBYIOTHECs I1I/[-perymistopu, mo 3a0e3nedytoTh HyJIbOBY CTaTHYHY
MMOMIJIKY 32 BUXiTHOI KoopauHaToo [3]. OMHAK BUKOPHUCTAHHS TaKWX PETYJISATOPIB € JOIMUIEHUM TUTBKH 3a
MOCTIHHOTO XapaKTepy 30ypIO0YOoro BIUIMBY. Y pa3i BUHUKHEHHs epiouuHuX 30ypeHs 3actocyBanns [11]]-
PETyIsSTOPiB MPU3BOAMTH A0 MOTIPIIEHHS XapaKTepPUCTUK CUCTEMH KepyBaHHs. J{J1s 3MEHIIeHHS AWHAMIYHO1
TIOMUJIKY PETYIIOBaHHS Mif yac ¢ppe3epyBaHHS BUHUKAE HEOOXiTHICTh BUKOPUCTAHHS aJITOPUTMIB HEUITKOTO
KEepyBaHHS.

MeTta 1aHOTO JOCITIKEHHS MOJISTaE Y po3poOIl CTPYKTYPU HEUITKOTO peryisTopa Ajsl KOHTypa cTa-
Oimizamii 3ycHyuIs pizaHHS METAIOPi3aIbHOTO BEpCTaTa 3a HaABHOCTI 30ypeHb KOJIMBAJIHHOTO XapaKTepy, 0
3a0€31eUHTh ITiIBUIICHHS SKOCTI 00pOOKH aeTasneii Ta 301IbITUTE TPOXYKTUBHICTE 00T AHAHHS B IIIIOMY.

PesyabTaTn pociimkenHs. {1 kepyBaHHS pekKUMaMu POOOTH METAJIOPi3aIbHUX BEPCTATIB CHOTOJI-
Hi 3HaXOJAITh LIMPOKE 3aCTOCYBAaHHS MPOrPaMOBaHi KOHTPOJIEPH, IO Jal0Th 3MOTY peajli3yBaTH HEUiTKi cuc-
TeMH KepyBaHHS [4, 5]. JIOIIPHO BUKOPUCTOBYBATH MOXKIIMBOCTI IIMX KOHTPOJIEPIB 1 IS KepyBaHHS TEXHO-
JIOTIYHUMH TIapamMeTpaMu Tipoliecy (pe3epyBaHHS. 3aCTOCYBaHHS HEUITKOTO PEryJsiTOpa, MI0 pealizyeThes
MPOrpaMHoO, € JOIIBHAM, OCKUIBKH ITiJl YaC TEXHOJOTIYHOTO MPOIECY 3HATTS CTPYKKH MiJ Ii€r0 30ypeHb
3MIHIOETBCS KOe(illieHT MiACHUIICHHS 3a MoJavyero cUcTeMu. Y poOoTi [6] Oyna 3amporoHOBaHa peaizallis
HEJITKOTO PeryJsITopa IS CIAKYI0Yoro MPUBOAY B mporpaMHomy cepenosui Codesys v.3.5. Ilpore mu-
TaHHS 3aCTOCYBaHHS HEYITKOTO PETYJATOpa Uil KEpyBaHHS TEXHOJIOTIYHUM MPOLECOM METaI000pOOKH y
pasi crabimizarii 3ycHsuis pi3aHHs 32 HaIBHOCTI TApMOHIYHUX KOJHMBAHb MTPHUITYCKY HE JOCIIHKEHI.

Busnaummo 0CHOBHI YWHHUKH, 110 BINTHBAIOTH Ha 3MIiHY 3yCHIIISA Pi3aHHA MiJ 9ac oOpoOKkH meraneit
Ha METaJopi3aibHUX BepCTaTax.

Bigomo, 110 32 HU3BKHX YacTOT OOEpTaHHS IUMUHIENS METalIopi3ajJbHOTO BepcTaTa 3MiHa 3yCHILISA
pi3aHHS i 9ac oOpoOKM aerajneil iHepIliiHa depe3 3aIli3HeHHS HaOIraHHS CTPYKKH Ha pi3elhb MO BiTHO-
HICHHIO 70 MepeMilleHHs cynoprta. [l omnucaHHsS NTWHAMIYHHX BIIACTHBOCTEH LLOTO MPOIECY Ta aHawi3y
[BOTO BIUIMBY Ha MOXIIMBI KOJIMBAHHS 3yCHIIISI B MATEMaTHYHUX MOJIENISX BUKOPHCTOBYETHCS anepioguuHa
JIaHKa TIePIIOTo MOPSIKY, 3anpornoHoBana y [7]. Takox Ha mUX 9acToTax 00epTaHHS CYTTEBUMH CTAalOTh KO-
JTUBAHHS NPUITYCKY JETajli BHACTIIOK i €KCIEHTPUCHUTETY, MOPCTKOCTI 11 MMOBEPXHi, HETOYHOCTI 3aKPiTlICH-
HS B KyJlauKax TOKapHOro natpoHa. [IlopcTKicTh 3aroTOBKM Ma€ BUMAJKOBHHA XapakKTep 13 XapaKTepHCTHKA-
MU «KOJILOPOBOTO» IIIyMY, B TOH Yac K €KCIEHTPUCUTET 3arOTOBKH 1 HETOYHICTS ii 3aKpiIUIeHHS MalOTh pe-
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TYJSIPHUHA XapakTep, OCKUTBKH OJHO3HAYHO BHU3HAYAIOTHCS YaCTOTOK) OOCPTAHHS i MOTOYHUM KyTOM MOBO-
poty natpona [8]. Y pisuux myOsikaiisx [8, 9] 30ypeHHs, 1110 AiI0Th Y KOHTYPI cTabiii3allil 3ycuuis pizaH-
Hsl, IPEACTABICHI CYMOIO TapMOHIHHUX CKJIAJOBHUX pi3HOI 4acTOTH. 30yprolounii BIJIMB MOXe OyTH ommca-
HUH TakoX TU(EPEHIIHHIM PiBHSIHHSAM JPYTOTO MOPSAKY, 3alIPOITOHOBAHUM Y po0oTi [3]
p ,
t,+28w,t,+o,t, =0(1), (1)

Ie @, — YacTOTa XBUIILOBOTO 30ypeHHs; & — MOKA3HHK KOJNMBAJIBHOCTI JIAHKU. Y HAIIOMY BHIAAKY ), —
4acToTa 00EepPTaHHS Baja €JIEKTPOJBHUIYHA MPUBOAY BepcTara; O(f) — MOCHIAOBHICTh HEBIIOMHX iMITYJIbC-

HUX (DYHKUIH, [0 BU3HAYAIOTCS [EPIOOM BUHUKHEHHS 30yPIOI0YKX BIUIMBIB, {, — IIPUITyCK Pi3aHHI.

[lepenaTaa yHKIsA, 10 OMKCYE TWHAMIYHI BIaCTUBOCTI 30ypeHHSs, B IIbOMY BUTAAKY
W.(p)=1,(p)[3(p) =1 (p* + 2w, p+,}). @)
[Napamerpu 1i€ei nepexatHoi GpyHKIIT € 3MIHHUMH I Pi3HUX PeXUMIB 00poOku neraneit. Lle npu-
3BOJIUTH JI0 TAPMOHIMHMX KOJMBAaHb MPHUITYCKY Mg 9ac oOpoOKw AeTaneil 1 rapMOHIHHAX KOJUBAHb 3yCHILIS
pizaHHs rpu ctaniii mogadvi [2]. ToMmy BUKOpHCTaHHA JiHIHHUX PEryJIATOPIB, IO 3a0€3MeUyIOTh SKICHE Pery-
JIOBaHHS BUXIJHUX BEJIMYUH VIS CHCTEM 3 ApaMETPHYHUMHU 30ypEHHIMH, € HEAOUIIbHUM. {15 BUpilIeHHS
3a/1a4i MMiABUIICHHS IPOAYKTUBHOCTI MPOIIECY pi3aHHs 3a 3MIHHHX IapaMeTpiB KOHTypa CTadimi3artii 3ycu-
JIs1 pi3aHHsI HEOOXiJHO BUPIIIMTH 3a/1a4y PO3POOKH CTPYKTYpH HEUITKOTO perynsropa. Haii0inbm BaxximBuM
€ OTPUMaHHS aHATITUYHHUX 3JICKHOCTEH BUXIIHUX 3MIHHUX HEUiTKOTO peryistopa. [Ipu npomy sKicTh QyHK-
IIOHYBaHHS HEYITKOTO PETyJIsATOpa XapaKTepH3yIoTh, MEPII 3a BCE, METOIW BUBEIACHHS (MeToau MammaHi

R,,, Jlapcena R, tomo). IlopiBHAnbHMI aHai3 12 MeTOJIB BUBEJCHHA BMKOHAHO B KOHTEKCTI HEYITKOIO
kepyBaHasg Mizumoto (1988) mMeTomom komOiHOBaHOTO MOJeNtoBaHHs [4]. YV pe3yibTaTi nociikeHb Oyio
BCTAHOBIICHO, 1110 JOLIIBHO BUKOPUCTOBYBATH R, -MeTo.

BxigHUMH cUTHaaMH HEUiTKOTO PEryJisiTopa IOLUIBHO B3ATH MOMHJIKY perymoBanHus e(nT) (piz-

HUITI0O MIX 3aJlaHAM 1 TTOTOYHUM 3HAYCHHSIM CTaOLTi30BaHOI CKIIQZOBOI 3yCHIIISA Pi3aHHS) Ta MBUAKICTH il
sminn r(nT) = (e(nT) —e(nT —T))/T . Ilicna maciuTaOyBaHHSA OTPUMAEMO

K,-e(nT) =K, -(U,(nT)~ y(nT)): )
K, - r(nT)=K,-((e(nT)—e(nT -T))/T, 4)
ne K, i K, — xoedimieHTH mponopIiitHoCcTi moxubku € Ta ii moxixuoi 7 BigmoBigHo; y(nT)— 3MiHa BH-
xigHoro curHany 3a yac nl ; e(nT —T) — npupict BxigHoro curnany 3a nepion 1 ; U,(nT) — 3mina cur-

Haly 3aBAaHHA 3a yac nl .

Jnst IpUBEeHHS BXiAHOTO CUTHAIY HEUYiTKOTO peryyistopa (MOMHIKH abo il moxXimHOi, sKi € HewiT-
KHMU BEIMYMHAMH) JI0 TIOTPiOHOTO Aiara3oHy 3HA4YEHb 3IiHiCHEHO HOro MacitaOyBaHHS BiIIMOBITHO HEYIT-
KM MHOXHWHaM puc. 1, a. DyHKIIS HAIEKHOCTI BUXITHOTO CUTHAITY HEUITKOTO PETYIATOpa, IO OTPpUMaHa
3TiZHO 3 BUOpaHUM R, -METOJIOM, IIPECTaBJICHA Ha puC. 1, 0.

OyHKII 5 HAJTEKHOCT

D i . 8UX
fzg Hox Haﬂz:(':-([)l:ﬂ :’;g 'Ll A ANAR; - METOMy
...................... g 1.0 24
‘.‘.‘ 1, /—\
"Y0.5 <
. K ee(nl) AU(nT)
L 0 L K, e7r(nT) i -
a 7]
Puc. 1

Ha puc. 1, a, 6 HaBeneHO Taki MO3HAYEHHA: [, [, — QYHKIS HAJEKHOCTI HEYITKUX MHOKUH

BXIJIHOTO Ta BHXIJHOT'O CHTHAJIB PEryJATopa BiAMOBIAHO; L — MaKCHMaJIbHE 3HAYCHHS MacIITabOBaHOI IO-
MIJIKH Ta ii oxiaHoi; 24 ta 2H — BepXHi Ta HIXKHI cTopoHH Tparetiii BianosigHo;, AU (nT) — Buxia HediT-
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Koro perynaropa. Beepenuni intepsany [-L, L] (puc. 1, a) GyHKIIA HaNeXHOCTI [, 301IbIIyeTHCS ab0
3MEHIIYETHCS TIHIHHO 3 MacITab0BaHOIO MOMMIIKOIO abo ii moxigHorw. 3a Mexxamu [-L, L] 4, HaOyBae 3Ha-
genHs 0 abo 1.
HediTKi MHOXKHHH BXiJJHUX CUTHAJIB PETYIATOPA IJIsl MACIITA00BAaHOI MO3UTUBHOI [lex, Ta HETaTHB-
. — . . + . - .
HOI [lsx, TIOMMJIOK, & TAKOJX il IO3UTUBHOI [lex, Ta HETATUBHOI [lsx, TIOXiTHUX, IPEJICTABIEHHX Ha pUC. 1, a,

OTHICYIOTHCS HACTYITHUMHU (DYHKITISIMH HAJICKHOCTI :

L+K,-e(nT) _ L-K,-e(nT)
g2t e T o= Te AR 5
Hee 2L He 2L ©)
. _L+K, -r(n]) Ta _ LK, -r(nT) ©)
’ 2L Hor = 2L

OTKe, BUKOPHCTOBYIOTHCS YOTHPHU HEUITKMX MPABUIIA YIIPABIIHHS, & CaME:
Sxmo K,-e(nT)>0 ta K, -r(nT)>0,10 AU(NT)>0; |(7)

Sxmo K,-e(nT)>0 ta K, -r(nT)<0,10 AURT)=0; |(r) (7
Sxmo K, -e(nT)<0 T1a K, -r(nT)>0,10 AUMNKT)=0; [(r5)
Sxmo K, -e(nT)<0 u K, -r(nT)<0,10 AUT)<O0. |(1y4)

Benuunna AU (nT) Bu3HauaeThCs sIK KOOPAMHATA IIEHTPA Bard 3alITPHXOBAHOI IIOMIMHH (pHC. 1, 6)

3aJ1eXKHO Bl QYHKIIT HAJIEKHOCTI [, . 3TIJHO 3 HaBEJCHUMHU NpaBuiamMu (7) MOXKIUBI YOTHPH BapiaHTH

CHIiBBiHOLICHHS (YHKIIT HATEKHOCTI (TAOMALLL, 1€ Ly — Meouxs — QYHKIIT HANEKHOCTI BiAIOBIAHHIX HO-
TUPHOX BApiaHTIB).

1 2 3 4 . .

n n n n Y po6oTi po3rasHyTO 4-i BapiaHT. 3HAYCHHS aKTHBHHUX
Mouxl | forg | Hoxg HMexy | MHex, | 101N OOYMCITIOETHCS 3a (POpMyTaMu
How2 | picg | pog | ploxy | o, L+K, r L-K,r

4 _ + _ S(/’lsuxl):Hz—lIr; S(ILIBWCZ):Hz—lIr;
Heux3 HMex,. Mox, Mx,. Msx, Ik Ik (8)

— — — — — e € . _ — e e
Heuxa Hex, Hex, Hex, Mex, S(/ueux}):HT’ S(:ueux4)_HT'

Koopaunara nientpa Baru
H i S(lueuxl) + 0 i (S(ILIGLLXZ) + S(/'lewd )) — H i S(/’leux4) (9)

AUnT) =
S(luswrl) + S(/’lmocZ) + S(ﬂgwd) + S(luewcét)

[MizcraBuBmm y (9) 3naueHss o (8), OTpUMaeMo

K.e(nT)+ K r(nT
AU(T) = 0,51 KD+ K, r(nT) (10)
2L—-K e(nT)
®opmyny (10) momamo y Burmsiai
0,5H

AU(nT)= , (11)

2L-K e(nT) ™
ne U, =K.e(nT)+ K,r(nT") — BXiHU}# BIUIUB HEUITKOIO PETyIATOPA.
3anexnicTs (11) nokasye, mo no06yTok K, e(nl) 3anekKuTh Bijl HIOMUJIKU PETYIIIOBAHHS € : MM Oi-

JIBITIC TIOMIJTKA, THUM O1TbITIe 3HAUeHHS J00yTKY. OTXKe, 3aBXKIU 31 301IBIICHHSIM TTOMIUIKH PETyIIIOBaHHS 0y-
Jie 3pOCTaTh peakilis Ha il 3MCHIICHHS. Y 3arajbHOMY BUIJISI TaKWH PETYJSATOP MOXKHA MPEICTABUTH CXe-
MOIO Y CKJIaJli 3aMKHEHOI CUCTEMH yIpaBIiHHS (pHc. 2), e CUTHAI € — MMOMIIKa peryiaoBaHHs; bJ] — 610k

ninenss; bBM — 610k BujineHHs Moyaa curHany €; K — koeQillieHT 3B0pOTHOro 3B’s3Ky, U, — 3anaHe

3HAYEHHA BX11HOI HanpyTH, W, — nepenaBanbHa pyHKIISA 00’€KTa KEPyBaHHs, ) — BUXIJIHMI CUTHAIL.
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e et
Heuimkuit
pezyaamop

s Toro mo6 koedimieHt
nponopuiiHocTi peryinstopa K,

|
:
|
bA | HE 3aJIe)KaB BiJl 3HAK
! a y IOMHJIKH €
® | ,AU@T) y o .
05H—» < n » Wox P B [apaJie/ibHIA Iepe/adl, BUKO-
| s
Un_ AU K ! PHUCTOBYETBCs 11 aQCOHmTHe 3Ha-
i yeHHs1 (bBM), ockinbku koediri-
TE i €HT K, Moxe HaOyBaaTH 3HaycH-
A
“““““““““““““““““ HS Ke|e|<2L, 2L=1.
K .
33 3 ornsmy Ha Te, MO HEeJiT-
Puc. 2

KICTh JaHOTO PEryysaTopa BU3HA-
Ya€eThCS, B OCHOBHOMY, BHYTpIIII-
HBOIO TAPANICNIEHOIO TIepeIavueto, PO3TISIHYTHH PEryJIATOP MOXKHA HA3BaTH MPOMOPIIHHUM 13 HEUYITKOI KO-
pekiiero. s mpakTHIHOTO BUKOPUCTAHHS HEUITKHH 3B'SI30K OTPIOHO BUKOHATH HEJIIHIHHUM.

Heninitianit enement HE BBenmeHo mis toro, mo6 npu Oyab-sIKHX 3HAYEHHSX MOMIJIKH € CHUTHAJ

AU, 6yB 6inbie Hy1s. Yum menme curaan AU, , Tum Ginbire koedinienT nponopuiiiHocti K, i TuM msua-
e OyJie 3MeHITyBaTHuca noMuika. Odmexenns BxinHoro curdany HE U, nosunHe 6yTu meHme 2L, o6
YHUKHYTH MOKJIMBOTO JIIEHHS YIPaBIsl0o4oro curuaity Ha 0.

KonTyp crabinizanii ckinamoBoi 3ycHIuIs pi3aHHS MO0 BEPTUKAIBHIN OCi BepcTara 3 HEUiTKUM PeryJis-

TOPOM MaTUM€ BUIJISAM, IOKa3aHUH Ha puc. 3, e HaBeJeHO Taki no3HaueHHs: HP — newitkuil perymnsarop; £,

F —3apmaHe 1 OTOYHE 3HA4YEHHS CTa01/1i30BaHO] CKJIQJI0BOI 3yCHIUIS Pi3aHHA; ) — 4acToTa OOepTaHHS Basa
1 .

+T/l(0)lll) "ﬂmi{ecpiaamml I[BI/IFyHa Imoagayi; tp — BCJIMYHMHA HpHHyCKy; Tpi3

| . .
F7’ 1 FZ - IIOCTIMHA qacy mnmpouecy P13aHHs;
r’ T, p+1

[

l o
EHITH f, (o, o I 0.,80,75 : :

R SRR F!=9,8K,0™’t,” — 3a5exHiCTb 3yCUJLIs pi3aH-

HS BiJ 9aCTOTH OOEpTaHHS Bajla IBUTYHA T01avi
Ta npunycky; K, — xoedilli€eHT, kUil BU3HaYa-

€TBCSI TEOMETPIEI0 Pi3Lsl, KoedilieHToM mepena-
Puc. 3 4i KyJbKO-TBUHTOBOI TIapH 1 TBEPAICTIO 3ar0TOB-
ku; K, — KoedillieHT 3BOPOTHOrO 3B'S3Ky IO

3YCHJUTIO Pi3aHHs, III0 BU3HAYAETHCS JiaMeTpOM 00poOITIOBaHOI eTa Ta KOe(imieHTOM TTOCHIICHHS JaTIAKa
ctpymy npuBony mmuuzaenst; EINI — enexrponpuBon mojadi. 3agaTduk iHTEHCHMBHOCTI MEPUIOTO MOPSIIKY
(3I-1) dhbopmye 3amane 3HaUEHHS CTaOIMI3yI0Y0i CKIAA0BOI 3yCHILIS pi3aHHs. B po3pobneHiit cxeMi HeUiTKO-
T0 PeryJsITopa BiIOyBa€eThCS aBTOMAaTHYHA 3MiHA KOeQiIli€eHTa MPOTIOPIIIHHOCTI CUTHAITY, IPUIOMY, UM Oi-
JbIIIe TIOMWJIKA €, THM Oinblie KoedillieHT MPOIOPIIIHOCTI, a MPH 3MEHIIeHHI € 3MEHINYEThCs 1 Koediri-
€HT nponopuiiHocTi. Inmi koedinientn npuitnaro: K, =10, 0,5H =1.

Jns aHami3zy TMHaMiYHUX BIACTUBOCTEH cucTeMu cTalimizauii 3ycHiuisd pi3aHHA i3 3alPOIIOHOBAHOIO
CHCTEMOIO KepyBaHHsS OyB BUKOPHUCTaHUH METOA LM(POBOro MOAETIOBAHHS 3 3aCTOCYBAHHSM NPHUKJIATHOTO
naketra MATLAB. [lns npuBoay mojadi BUKOPUCTOBYBANACs MaTeMaTuyHa MOJENb aCHHXPOHHOTO EJIEKT-
ponpuBody 3 cepBoaBUryHoM MCAI14L20, mo wMae HacrynHi mnacnoprai mami: P, =1,4 kBr,
N, =200006/x8, I,=1,4 A, U, =220 B, J,=0,00192 KrM’. AHaJli3 IKOCTi PeryTOBaHHs 3/1ilICHIOBABCS

n

3a rpadikaMu cTabLTI3yI0u0i CKIaI0BOl 3yCHIUISl pi3aHHs Ta YacTOTH 0OepTaHHS 3 BUKOPHCTAHHSIM KIIACHY-
Horo II-perymsaropa (puc. 4, a), 0 HAWYACTIIIIE BUKOPUCTOBYETHCS ¥ pa3i YOPHOBOI OOPOOKH 3arOTOBOK i3
CYTTEBUMHU KOJIMBAHHIMHM MPUITYCKY, Ta CHHTE30BaHOTO (hasi-peryistopa (puc. 4, 0).

Crnix 3a3Ha4MTH, IO IPU BUKOpUCTaHHi [1-perymnsropa B cucteMi MarOTh MiCIie KOJIMBAHHS 3yCHILIS
pizanHs 1o 12% Bix 3a7aHOTO CTAJIOr0 CHUTHANY 3aBIAaHHA, @ TAKOX MepeperyioBanas 10 8% i Jac Bpi-
3aHHsI pi3ls y 3aroToBKy. Lle, B cBOIO uepry, Npu3BOIUTH 0 3MEHILEHHSI TOYHOCTI 0OpPOOKH Ta 10JJaTKOBOTO
HaBaHTa)KEHHsI Ha pi3elb. Y pa3i BUKOPUCTAHHS HEYITKOTO PEryJATOpa aMIUTITY/ja KOJIMBaHb 3yCHILIs pi3aH-
Hsl, 110 3yMOBIICHI 3MIHOIO IPUITYCKY, @ TAKOX IEPEPeryIIOBaHHS CyTTEBO 3MEHIIYIOThCS. Takox ciix 3a-
YBKUTH, 10 BUKOPUCTAHHSI HEYITKOTO PEryiIsaTopa Ja€ 3MOTY 3MEHIIUTH CTaTHYHY IMOXUOKY PeryiroBaHHS
0e3 301IbLICHHS KOJIMBAJIBHOCTI Ta TPUBAIOCTI IIEPEXiAHOTO MPOLIECY.
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Jlyist 31ifiCHEHHSI eKCTIEPUMEHTAIBHOTO JTOCHIHKEHHSI 3aIPOITIOHOBAHOTO aJITOPUTMY HEUITKOTO Kepy-
BaHHS BUKOPHCTOBYBaJIacs cucTeMa CTalumi3allii 3ycuiuis pizaHHs TokapHoro Bepcrara 1BD340M. Criano-
Ba 3yCWIIS Pi3aHHS [0 BEPTUKAJBHIN OCi BepcTara OIiHIOBAJIACS 32 MOMEHTOM €JIEKTPOABUTYHA 3 TIOXHO-

Bin xoHTpOJI€Epa KepyBaHHS

JIOTIKO0 BEpcCTara

M,Nm

I

z3

9400 Servo 9400 Servo
Cepsomnepe | CAN PDO( M. ) CepBomneper
TBOPIOBAY [ BOpIOBAY
nonayi LITTHHACS
, I
TNy Ellnomadi | | gro
Puc. 5

EJ1 mmunaens

koto He Oimpmie 2,5% [10]. Cucrema cra6i-
Ji3armii 3 BCTAaHOBJICHWUMH Ha BEpPCTaTi CEepBO-
MpUBOJAMH MOOYA0BaHa 33 CXEMOIO, IO Mpea-
craBieHa Ha puc. 5, ne EJl — enekTponBUTyH;
BR1, BR2 — natunku uacrotu obepranus; M,
— CTaTHYHHUI MOMEHT iHepuii; @, @, — 4acTo-
Ta 00epTaHHs BaJia JIBUTYHA MOJAAYi Ta IITUH-
Jels BepcTaTa BianoBinHo; F — 3agaHe 3Ha-
YeHHS CKJIaJI0BOi 3yCWIUISA pizaHHs, MO (op-
MYETBCSl y 30BHIIIHIN CHCTEMi aBTOMAaTH3aIlii
pobotu Bepcrara; CAN PDO — dopmar nepe-
navi jgaHux 1o kaHaiy Process Data Object 3
BUKOpHUCTaHHIM iHTepdeiicy CANopen.

Cxema eJIeKTpOMEXaHIYHOT CUCTeMH CTabuTi3alli 3ycuuts pi3aHHs 1o0ya0BaHa Ha 0asi cepBorepe-
TBOproBauiB cepii 9400 Servo Highline, 3B8'130k Mixk HUME 31ilicHIOEThCs 0 iHTepdeticy CAN i3 pobouoro
HIBUJKICTIO Tiepeaaui nanux 1 Mo6/c. JlaHi moa0 mOTOYHOTO MOMEHTY HaBaHTKCHHS MPUBOIY IIMHHACIS
MepeIaroThCs ¥ MpUBOA Hoadi mo kanaimy PDO. ¥V cepBomepeTBoproBad npuBoxy momadi 9400 Servo High-
line OyB BCTaHOBIEHUH JT0IATKOBUH MOAYJb MPOTrPaMOBaHOTO JIOTIYHOTO KoHTpoJdepa PLC M440 nns peadi-
3anii HeuiTkoro perynsropa. Ciija 3a3Ha4uTH, IO i 4ac MPOBEJCHHS JOCIIXKEHb 3ar0TOBKA OyJia HaBMHC-
HO BCTAHOBJICHA 13 CYTTEBUM €KCIICHTPUCUTETOM ISl OiIBIT HATJISTHOTO BimoOpakeHHS KOJIUBAaHb MOMEHTY
HABaHTAKEHHsI TOJIOBHOTO TPHBO/LY .
VY pesynbTaTi eKCIepuMEeHTaIbHUX JOCIIIXKEHb 13 3aCTOCYBaHHIM NPHUKIAIHOTO MPOTPaMHOTO 3a-
oe3nedenns L-force Engineer Oynu otpumani rpadiky mepexiHoTo mpoliecy 3a HaBaHTaXXEHHSM TOJIOBHOTO
MPUBOAY 3 BUKOpUCTaHHsAM [l-perysstopa 3ycuiuis pizanHs (puc. 6, a) Ta po3podieHoro (asi-peryisropa

(puc. 6, 0).

E—

il

M,Nm

oot e T
2 3
t,ms*100

a

Puc. 6

ISSN 1607-7970. Texn. enexmpoounamixa. 2019. Ne 4

|
* t,ms*100°
0

45



I'padiku Oynm orpumani 3 3actocyBanHsM (ynkuii Oscilloscope, peanizoBaHOi B mporpaMHOMY 3a-
oe3neuenni L-force Engineer, npu nukiiigyHocTi 3anmucy 3HaudeHb 250 Mxc. O4YeBUIHO, 110 HU3bKOYACTOTHI
KOJIMBaHHSI HABaHTAXKEHHS, 3yMOBJIEHI €KCLEHTPUCUTETOM JI€Talli, MOBHICTIO KOMIIEHCYIOTbCS HEUITKHM pe-
rynsTopoM. Takodk, 3aBASKH IMIABUIIEHHIO Koe]imieHTa MiACHISHHS 32 MalliX BiIXWJICHb 3a0€3MeuyeThCs
TaciHHS 1 BUCOKOYACTOTHUX KOJIMBAHb, IO Ja€ 3MOTY CYTTEBO ITiIBUIIATH HAXIHHICTH 00IaTHAHHS.

BucHoBkHu. BukoHaHo aHaji3 HalOUIbII CYTTEBUX BIUIMBIB HA JUHAMIYHI TIOKa3HUKH KOHTYpa CTa-
Oimizanii 3ycuuIg pi3aHHs Ta 3alpONIOHOBAaHA IPaKTHYHA peai3amis CUCTeMH cTalimizawii 3ycruiis pi3aHHas 3
ypaxyBaHHSM IHEPIIIHHOCTI 30iraHHs CTPY>KKH, TAPMOHIYHUX KOJIMBAHB MPHUITYCKY Ta HEJIHIHHOI 3aJI€)KHOCTI
CKJIaJI0BOI 3yCHJUISL pi3aHHS BiJl HIBHJKOCTI MEPEMIlICHHS PiXKY4oro iHCTpyMeHTa. Bu3HaueHo CTpyKTypy
HEUiTKOTO PeryJisiTopa, mo 3ade3nedye MBUAKOIII0 B KOHTYPi 32 HasABHOCTI 30ypeHb FapMOHIYHOTO Xapak-
Tepy. HocnimkeHHs MeTogoM nudpoBOro MOIEIIOBAHHS MOKA3ajJ0 NepeBard BUKOPUCTaHHS HEUYiTKOIro pe-
ryjsropa y nopiBasaHHi 3 II-perynsiTopom BHAcCHiOK 3HW)KEHHS aMIUIITYAM KOJIMBAaHb 3yCHILIA, 3MEHILIEHHS
nepeperyntoBaHHs. HeuiTkuil perynsrop Moxe OyTH peaii3oBaHUM MPOrpaMHO B MOAYII po3mmpenHs M440
s ceponeperBoproBauiB 9400 Servo Highline Lenze, mo yacto BUKOPHCTOBYIOThCS AJIsl KEPYBAaHHS dac-
TOTOIO OOEPTAHHS IBUTYHIB METAIIO00POOHHUX BEPCTATIB.
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VK 62.83.52
HEYETKOE YHPABJIEHUE 3JIEKTPOIIPUBOJOM KOHTYPA CTABMIN3AIIUU YCUJIUA PE3SAHUSA
IPU HAJIMYMHA BO3MYIIEHUA KOJEBATEJBHOI'O XAPAKTEPA

A.B. Toponos’, kanj.Texn.Hayk, A.B. Bocak™ , KaH1.TeXH.HayK
HammonajabHbIH TeXHHYeCKHii yHHBepcHTeT YKpaunbl «Kuesckuii nommrexandeckuii HHCTHTYT uM. W Cukopckoroy,
np. [lo6easwl, 37, Kues, 03056, Ykpauna. E-mail: alla_koz@ukr.net

Pewena 3adaua paspabomxu Heuemkoeo pe2ynsimopa 01 cucmeMvl CIMadUIU3AYUY MAHLEHYUATbHOU COCMAgsouel
VCUNUS pe3aHUsi, KOMOopblll NO360J5em NOBbICUMb NPOU3BOOUMENbHOCTE 000PYOOBAHUS U HAOEHCHOCHb Memalloo0-
pabamuisarowux cmankos. Paspabomana cmpykxmypa neuemxoz2o pe2yisimopa ¢ 6X0OHbIM CUSHATIOM 3A0AHHO20 3HA-
YeHus cmadUNU3UPOBAHHOU COCMABIAIOWeEN YCUNUA Pe3aHus HA OCHOBAHUU AHANU3A CIMPYKMYPbl HEUemKux pecyis-
MOpO8 C UCNONIL30BAHUEM DASTUUHBIX MEMOO08 8b1600A 8bIXOOHO20 CUSHAAA. [N yiema enuAHUA USMEHEeHUs NPUNYCKa
80 6peMsi 00pabomKU demanu NPedioACeHO UCNOIb308AMb KOLeOameaIbHoe 36eHO, HA 6X00 KOMOPO20 NOCMYnaem no-
c1e008amenbHOCMb UMRYAbCHBIX QyHKkyull. TIposedeno uccredosanue OUHAMUYECKUX XAPAKMEPUCTUK CUCTHEMbL CIA-
ounuzayuu ycunus Memooom yughposeozo Mooeruposanus ¢ NoMowbio npukiaonozo nakema MATLAB ¢ yuemom eap-
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MOHUYECKUX KOeOAHUL NPUNYCKA U HEIUHEIHOU 3a6UCUMOCU YCULUSL pe3anust om nooayu. IIpoanaiuzuposanvl nouy-
yeHHble 2paguKru NepexoOHblX NPOYECcCcos ¢ MAHSEeHYUATbHOU cocmasisiioujeld ycunus pesanust. Ilokazana 603modic-
HOCMb NPAKMUYECKOU peanu3ayuu CUCmemvl CMabunu3ayuu YCUunus pe3anusi 8 COBPEMEeHHbIX CMAHKAX C NOJYRPOBOO-
HUKOBbIMU NPeodpazo8amenamu U MUKpOnpoyeccopHuim biokom ynpasienus. bubn. 10, puc. 6, Tadi. 1.

Knrwoueswle cnosa: cucrema crabuiM3aluy yCWINs pPe3aHHs, HEUETKUI PEryisaTop, FApMOHUYECKUI XapaKkTep BO3MY-
IEHUH, THEPLIMOHHOCTb MPOLIECCa Pe3aHHtsl, MOJICITUPOBAHHE.

FUZZY CONTROL OF THE ELECTRIC DRIVE OF CUTTING FORCE STABILIZATION LOOP IN
PRESENCE OF OSCILLATION CHARACTER DISTURBANCES

A.V. Toropov’, A.V. Bosak™
National Technical University of Ukraine Igor Sikorsky Kyiv Polytechnic Institute,
pr. Peremohy, 37, Kyiv, 03056, Ukraine. E-mail: alla koz@ukr.net

The article deals with a problem of designing a fuzzy regulator for the stabilizing system of cutting force tangential
component, which makes possible to increase the productivity of equipment and the reliability of machine tools. The
structure of the fuzzy controller with the input signal of the set value of the cutting force stabilizing component on the
basis of the analysis of the structure of fuzzy regulators using different methods of derivation of the output signal is de-
veloped. In order to take into account, the effect of allowance changing during the work piece processing of the, it is
proposed to use oscillation link at whose input the sequence of impulse functions arrives. Investigation of the dynamic
characteristics of the force stabilization system using the MATLAB application package, taking into account the har-
monic oscillations of the allowance and the nonlinear dependence of the cutting force on the feed, is performed. The
analysis of the obtained transients of cutting force tangential component is carried out. The possibility of practical im-
plementation of the system of cutting force stabilization in the modern machines with semiconductor converters and mi-
croprocessor control unit is shown. References 10, figures 6, table 1.

Key words: cutting force stabilization system, fuzzy regulator, harmonious behavior of disturbances, inertia of the cut-
ting process, modeling.
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