AHOTAIIS

Mumpoganos O.B. ABromaTtmzaiiss  Tpolecy  KEpyBaHHSA  TEPMIUHUM
00pOOJICHHSM OKATHIIIB Ha KOHBEEPHIM MAIlIMHI HA OCHOBI METO/I0JIOT1i HEUITKOI JIOTIKH.
— KBamidikamiitHa HaykoBa mpalis Ha IpaBax pyKOIHUCY.

Hucepramisi Ha 3700yTTS HAYKOBOTO CTYyMeHS JoKTopa (dimocodii 3a
cnemianpHicTIO 151 «ABTOMaTH3aIlis 1 KOMIT IOTEPHO-IHTETPOBaHI TEXHOJIOTI». —

Kpusopizpkuit HarionansHui yHiBepcuter MOH VYkpainu, Kpusnii Pir, 2021.

[IpencraBnena po6oTa npucBsUeHa BUPILICHHIO HAYKOBOI 3a/1a4l po3po0JIeHHs 1
JOCIIIJKEHHSI HAa MaTE€MaTUYHUX MOJEISIX Ta Yy BHUPOOHMUOMY TMPOLECI CUCTEMU
aBTOMATHU30BAHOTO KEPYBAHHS PEKUMHUMH XapaKTEPUCTHKAMH IPOLECY TEPMIYHOIO
00pOoOJICHHS 3aT130pyIHUX OKATUIIIB Ha BUMATIOBAIBHUX MAlllMHAX KOHBEEPHOTO TUITY
JUISL TIIBUILICHHST HOTO €(PEKTUBHOCTI.

OO0’€KTOM JOCIHIJKEHHSI € TPOIEC aBTOMATH30BAHOTO KEPYBAHHS TEPMIUYHUM
OOpOOJICHHSIM 3aTI30py/IHUX OKAaTHUIIIB Yy B3a€MOIIOB’S3aHUX TEXHOJIOTIYHUX 30HAX
BUIATIOBAJIbHOI MAIlIMHU KOHBEEPHOT'O THUITY.

Jlist 3a0e3neyeHHs MiJBUILEHHS TOBApPHOi SIKOCTI TOTOBUX OKATHILIB B yMOBaXx
3MiH CTaHy Ta MapaMeTpiB TEXHOJOTIYHHUX 30H BUMATIOBAIBHOI MAIIMHHU MPEAMETOM
JOCIIIJKEHHS BU3HAYEHO 3aKOHM, MOJENl 1 METOAM KepyBaHHS TMpoIlecamu, sKi
BUHUKAIOTh MPU TEPMIYHOMY OOPOOIEHH]1 OKATHUIIIIB.

[Ipu BUKOHaHI MOCHIKEHb BPaXOBYBAJIUCh HETIOBHI W HEUITKI XapaKTEPUCTUKH
TEXHOJIOTIYHUX 30H, PO3IMOJAUI TEIUIOHOCIIB Ta30MOBITPSHUX TMOTOKIB, (Hi3UKO-XIMIYHI
BJIACTUBOCTI OKATHUIIIB, NapaMmMeTpu arperariB mammHu Ttoujo. [lpm oOmexxeHux
napamMeTpax TEXHOJOTIYHOTO TPOIECy pO3poOJeHUN KOMIUIEKC HAyKOBO-TEXHIYHHUX
plllieHb, SKUW J103BOJISIE 3a0€3MEYUTH 3HMXKEHHS BUTPAT EHEProHOCIiB, MOKPAILUTH
AKICTh 1 301JIBIIUTH OOCAT BUTOTOBJIEHHS MTPUAATHUX OKATUIIIB.

Y nepwiomy po3dini Ha OCHOBI OTJISAY JIITEPATYpPHUX Ta MATEHTHO-JILEH31MHUX
JKEpe MpoaHaIi30BaHoO Mporec 00poOIeHHs OKATHIINB Ha MAIIMHI KOHBEEPHOTO THITY

Ta CTaH aBTOMAaTH3allli IIbOTO MPOIlECY, BU3HAUYEHI HEBHUPILIEHI MUTAaHHS B I cdepi.



[IpoananizoBaHo ckiaa 1 3MICT BHUMOI [0 YIIPaBIIHHSA MPOLECOM TEPMIUYHOTO
0OpOoOJIEHHS 3aII30pyIHUX OKATHUIIIB HA MAIIMHAX KOHBEEPHOTO TUIY Ta BU3HAYEHO
dakTopu, SKI YCKIQJHIOIOTH iX BUKOHAHHS Ha MpakTull. BussienHo mnapamerpu
TEXHOJIOTTYHOTO TPOLIECY, SKI BILUIMBAIOTh Ha PErVIAMEHTOBAHI BJIACTUBOCTI MPUAATHUX
OKATHIIIIB.

PosrnsayTo ocobmmBOCTI Ta TPOOJIEMH KEpyBaHHS TEPMIYHHM IPOIIECOM
0oOpOOJICHHSI OKaTHUIIIIB Ha MaIllMHI KOHBEEPHOTO THUITY. BCTaHOBIIEHO, IO iCHYIOUI
TEIJIOBl CXEMHU BUMNAITIOBAJIBHUX MALIUH MOTPEOYIOTh LIECTIPSIMOBAHOI MOJa4l MOTOKIB
TEIJIOHOCIIB 13 HEOOX1THUMU MapaMeTpaMy B TEXHOJIOT14HI 30HU JJ1 3a0€3MeUeHHs IXHIX
pEerilaMeHTOBaHMX  XapaKTepUCTUK.  Bimomi  pe3ynbTaTd  TEOPETUYHUX  Ta
eKCIIEPUMEHTAIbHUX JOCTI/KEHh HE 3aBXKAU SKICHO Ta IMOBHO OMHUCYIOTH IPOIIEC
0OpOoOJIEHHS OKATHUIIIIB 3 YpaXyBaHHSM BIUTUBY MapaMEeTPiB CYCIHIX TEXHOJIOTTYHUX 30H.
Haii6iapm KpuTHIHUM 11040 (GOPMYBaHHS PEryJIbOBAHUX BETUIHH MPOIECY KepyBaHHS
TEPMIYHUM OOpOOJICHHSIM OKATHUIIIB € HEMOXKJIUBICTh YITKOTO 1 MOBHOTO BU3HAYEHHS
napameTpiB TEXHOJOTIYHUX 30H 3 YpaxXyBaHHSAM BIUTUBY OJIHIE] 3 HUX Ha 1HITY. BkazaHi
OCOOJIMBOCTI CYTTEBO BIUIMBAIOTh Ha TMEPEXiAHI pEXUMHU, SKI BHHHUKAIOTH Y
TEXHOJIOTTYHUX 30HAaX.

Y opyeomy po30ini BUKIIaIeHO METOA0JIOTIUHI Ta TEOPETUYHI MOJI0KEHHS MPOLIECY
KEpyBaHHS  TEPMIYHUM  OOpOOJIEHHSAM  OKATHUINIB Yy  TEXHOJIOTIYHUX  30HAaX
BUTTAJIIOBAIBHUX MAIIMHA KOHBEEPHOTO THUIY 13 3aCTOCYBaHHSM HEYITKOI JIOTIKH B
yMOBaX HEKOHKPETHOI Ta HEMOBHO1 1H(opMallii mpo ii cTaH.

Bukonano anami3 po3moauly IMOTOKIB TEIJIOHOCIIB MO TEXHOJIOTIYHUM 30HAM
MaIlllMHA HaJ IIapoOM OKAaTHIIIB 1 HAa BHUXOJI 3 HBOTO TNPH PI3HUX IMMBUIKOCTIX
nepeMileHHs] BI3KIB KOHBEEpHOi cTpiuku. IIpenctaBieHi pe3yabTaTd JOCIHIIKEHb
MOKa3aJId, 10 TEMIIepaTypa MOTOKY TETUIOHOCIS Ha BUXO/II BUCOKOTEMIIEPATYPHOI 30HU
MallMHU BU3HA4aeTbes 1HTeprperaniero (opmynu [apci-BeiicObaxa. BusBneno 1
dbopmali3oBaHO 3aKOHOMIPHOCTI OOMNAJeHHS 3ali30pyJHUX OKATUIIIB y MalluHaX
KOHBEEPHOTO THUITy, BUKOPHCTAHHS SKHX HAIa€ 3MOTY IMMABUIIATH €(QEKTUBHICTH
KEpyBaHHA I[UM TMPOIIECOM. 3alnpONOHOBAHO BJOCKOHAIUTH MATEMaTHYHI MOJENl

KepyBaHHS TMPOIECAMU y TEXHOJOTIYHWX 30HAaX 3a PaxyHOK BBEICHHSA N0 iXHBOI



CTPYKTYpHU PEryJsTOpiB 13 HeuiTkoro Jyorikow Fuzzy Logic Controler, sik rojloBHHX
perymorounx npuctpoiB. lle mo03Bonuio 3a0e3neunTd periiaMeHTOBaHI 3HAYCHHS
TEMIEPATypy TEIJIOHOCIIB ra30MOBITPSHUX MOTOKIB MO 30Hax MamuHU. [Ipu mpoBeneHi
JOCITIJIKEHb BUKOPUCTAHO MporpamHi mMateMaTtuyHi nmaketu Matlab/Simulink 1 Fuzzy
Logic Toolbox. BukoHaHO MoOnerOBaHHS CHCTEM aBTOMAaTH30BAaHOTO KEPYBaHHS Yy
Control System Toolbox. 3ampononoBani Mojeni BpaxOBYIOTh MOCIIJIOBHO
B3a€MOITOB’ 13aH1 MK COOOI0 TEXHOJIOT1YH1 30HH 1 3BOPOTHI 3B’SI3KU MK HUMHU.

BcTaHOBIIEHO 3aKOHOMIPHOCTI JJIsI aBTOMATHM30BAHOIO KEpPYBaHHSA MPOLIECAMH
oOmasjeHHsi OKAaTUIIIB Ha OCHOBI 1JIeHTU(]IKalii TOYOK 3MIHM TeMIEpaTypH
ra3omnoBITPSIHUX MOTOKIB MPU BU3HAYEHHI MMapaMeTpiB 00’€kTa KepyBaHHs. BusisieHo,
110 301JIBILIEHHS PI3HUII TEMIEPATYPH TEIIOHOCIS Ta30MOBITPSIHOTO MOTOKY A0 BXOAY B
miap OKaTUIIB 1 TICIAS HBOrO BIAMOBIAAE OUIBIIIN TeMIepaTypl TEIUIOHOCIS
ra3onoBITPSIHUX TOTOKIB. 3MEHIICHHS TEeMIEepaTypyd TEIUIOHOCIA Ta30MOBITPSIHHUX
MOTOKIB HA BUXO/II 13 BUCOKOTEMIIEPATYPHOI 30HH BIANOBIIA€ EKCIOHEHIIAIbHY 3aKOHY.
BcranoBneHno, 10 MBUAKICTh TEPEMIIICHHS] Bi3KIB KOHBEEPHOI CTPIUYKH BIUIMBAE Ha
TEMIEpaTypy TEIJIOHOCIIB Ta30MOBITPSHUX TOTOKIB, 0 MOJAIOTHCS 1 BIAXOISTH 13
TEXHOJIOT1YHUX 30H MAIIHHH.

Y mpemvomy po30ini Ha MiACTaB1 MPOBEJAECHOIO aHATI3y TEPMIYHOTO 0OPOOIEHHS
OKaTUIIIB Yy TEXHOJIOTYHMX 30HAaX BHU3HAYEHO BIUIMB Ha iXHIO OOpOOKY mapameTpiB
CYCIJIHIX TEXHOJIOTIYHUX 30H, MOTOKIB 1 TEMIEPATYPH TETUIOHOCITB, IO PO3MOILISIOTHCS
1O [Iapy OKATHILIB Ha BI3KaX KOHBEEPHOI CTPIUKMU. JJIs TOCHIKEHHS MTpoliecy 00poOKu
OKaTHILIB 3aIPONOHOBAHO KOMIUIEKCHY MaTeMaTH4Hy Mojelb. BoHa mpeacraBieHa
OJIOUHO-TIOCIIITOBHOIO CTPYKTYPOIO, IO CKJIAJAEThCSI 3 OKPEMUX MaTeMaTHYHUX
MOJIEJIEW TEXHOJIOTIYHUX 30H MAaIIWHHU. | 0JIOBHOIO 1JIECI0 KOMIUIEKCHOI MaTeMAaTUYHOL
MOJENI € Te, IO BXIiJIHI HEYITKI MapaMeTPu TEXHOJOTIYHOI 30HH € BUXITHUMHU
napaMeTpaMH 3 ONepeaHIX 30H 1 HaBMaKH, BUX1HI TapaMeTPpU OJHI€T 30HU € BX1THUMHU
napamMeTpaMH HacTynmHOi 30HU. Po3po0iieHO TeopeTHuHi 3acaiu yIpaBiaiHHS MPOLEcOM
oOmasneHHs 3aTi30pyIHUX OKATHIIIIB Ha OCHOB1 METOOJIOT1i HEYITKOI JIOT1KU 1 IPaKTUYHI
3aX0AM WIOJO IX peaiizaiii. 3anmponOHOBAHO BUKOPHUCTAHHS B MOJENSAX KEpyBaHHS

perymnsaTopiB 13 HewiTKorw jorikoto Fuzzy Logic Controler. e mae 3mory miaBUIIUATH



€(PEKTUBHICTh TEXHOJIOTIYHOTO IMPOLECY, MOKPALIUTH EHEPreTUYHI MOKA3HUKU IpU
TEPMIYHOMY IIpoIieci 0OpOOICHHS OKATHIIIIB Ha BUIATIOBAIBHIA MalllMHI KOHBEEPHOTO
TUNy 1 BHKOHATH palllOHAIBHUN TEPEpO3NOALT TOTOKIB TEIUIOHOCIIB  y30BXK
TEXHOJIOTTYHUX 30H. [Ipy 3HMKEHHI TeMIepaTyp TeIIOHOCIIB ra30MOBITPSHUX MOTOKIB
Ha BUXO[l 13 IMX 30H BUHUKAE HEOOXIAHICTb YIPABISATH IUMOTITaMH, 3MIHIOIOYH
napaMeTpy MOTOKIB Ui HU3bKOTEMIEPATypHUX 30H 3 METOI0 cTadimizallii TepMIYHUX
MIPOIIECIB.

BukoHaHO aHaii3 BIUIMBY MTapaMeTPiB NOTOKIB TEIUIOHOCIIB Ha SIKICTh NEPEX1THUX
OpoLECiB Yy 3aMKHEHIM cuctemi. Pe3ynbratu AOCHIKEHb Ha 3alpOlIOHOBAHUX
MaTEeMaTUYHUX MOJENSAX MOKa3ajiM, 10 3MIHM HEUITKUX TEXHOJOTIYHMX MapaMeTpiB
B3a€MOIIOB’I3aHMUX TEXHOJOTIYHUX 30H MPHU3BOAATH JI0 HEpErJIaMEHTHUX 3HaueHb
TEMIEPATypd BEPXHbOTO IIApy OKATUIIIB 1 HEpALlOHAJBHOTO BUKOPUCTAHHS
€HEPrOHOCIIB.

Ha ocHOBI pe3ynbTariB AOCHIIKEHb NEPEXITHUX MPOLECIB, OTPUMAHUX Ha
MOJIEJISIX 1 eKCIEPUMEHTAIbHUX JJAaHUX BUPOOHUYOTO IPOLECY, BUKOHAHO TOPIBHSIbHUMI
aHaJi3 eHepreTUYHUX MOKAa3HUKIB BUTPAT a3y 1 MPOJYKTUBHOCTI TUMOTATY. BHacmigok
JIOCITIJIPKEHb HAa MOJIE BCTAHOBIICHO, IO XapaKTEPUCTUKA MPOAYKTHUBHOCTI JUMOTITY
3MIHIOETBCA ~CTYHIHYacCTO B KOXKHIM TEXHOJIOTIYHIM 30HI. Y TMOpIBHAHHI 3
XapaKTepUCTUKOIO, OTPUMAHOI 32  EKCIePUMEHTAIbHUMHU  JTaHUMHU  JIIF0YO1
BUIMATIOBAIBHOI MAIlIMHM, BIAJIOCS MIABUIIATH €()EKTHUBHICTH POOOTH IUMOTATY, IIO
IPU3BOINTE [0 3HUKECHHS €HEProBUTpar Ha 5,78 % i nmpupoxnoro nanusa Ha 1,1 M° Ha
TOHHY OKATHIINIB TPHW MIATPUMAaHHI HEOOXIAHOTO TemmepatypHoro pexumy. L1
pe3yNbTaTH MIATBEP/KYIOTh CHEPreTHYHY e(EeKTUBHICTH pPO3pOOJEHOI CHUCTEMHU.
BukoHaHo aHami3 OTpUMaHUX JaHUX Ha PO3POOJICHMX MaTeMaTHYHUX MOJEHAX 1
€KCIIEpUMEHTAJbHUX JaHUX BUNaMoBaIbHOI MammHu TUiy LURG-278A na IIpAT
«ITiBHIYHUY TipHUYO-30aradyBaJIbHUN KOMOIHATY, SIKMM TIOKa3aB 3a kpurepiem diriepa,
10 BOHHM € a/ICKBATHUMH.

Yemeepmuii po30in MPUCBSIUEHO MPAKTUYHIN peanizalii Ta eKCIepUMEHTaIbHUM
JOCTIP)KEHHSIM 3alIpOIIOHOBAHOI CXEMH aBTOMAaTH3allil MpoLecy KEPYBaHHS TEPMIUHUM

OOpOOJIEHHSIM OKAaTHINIB HAa BUIATIOBAJIBbHIA MAallMHI KOHBEEPHOTO TUIYy HAa OCHOBI



HEYITKOI 1 HETIOBHOT JIOT1KH MPU HEMOBHUX 1 HEYITKUX MapamMeTpax TEXHOJOTTYHUX 30H.
Po3pobneno ¢yHKIIOHATBHY 1 CTPYKTYpPHY CXE€MHU aBTOMATH30BaHOI CHCTEMU
ONTUMATIBHOTO KEPYBaHHS TEPMIUHUM IMPOLIECOM OOpPOOIICHHS 3aMi30pyAHUX OKATHIIIB.
[IpencraBieHi cXeMU CKJIAIalOThCS 3 KOMIUIEKCY TEXHIUHUX 3aCO01B: JATYMKIB BUCOTH,
MacH, TeMIEpaTypu TEIUIOHOCIIB Ta30MOBITPSHUX IMOTOKIB Ta IHIIUX BUMIPIOBAIBHHUX
MEPETBOPIOBAYIB, KOHTPOJIEPIB HEUITKOI JIOTIKM I KOXKHOI TEXHOJIOTIYHOI 30HH,
HEHTPAIBHOTO KOHTpOJIEpa, SKUM 3 €IHYEThCS 3 TEPCOHAIBHOI EJIEKTPOHHO-
OOYHUCITIOBAJILHOIO MAIMHOKO 1 IMPOMHUCIOBHUM HOYTOYKOM, IO BUKOHYE (QYHKIIIL
nporpaMaTopa, peryJjloluruXx OpraHiB, IEpPETBOPIOBAYIB YAaCTOTHU. 3aIpPONOHOBAHO
BCTAQHOBJIIOBAaTH  JAaTYUKU  OOJIIKY  €JIEKTPOEHeprii, sfKa  BUKOPHCTOBYETHCSA
BEHTWISAITOPAMH Ta JUMOTATaMH JJI TPAHCHOPTYBaHHS IMOTOKIB TEIJIOHOCIIB 1 BI3KIB
KOHBEEPHOI CTPIYKM, Ta JaTYUK BHUTPATH NPUPOJHBOTO Tazy Uil KOHTPOJIIO
TEMIIEPATYPHOTO PEKMUMY y BUCOKOTEMIIEPATYpPHHUX 30HaX mMamuHu. Po3pobiena cxema
aBTOMAaTH3allli JI03BOJISIE PAILlIOHAIIBHO BUKOPUCTOBYBATH EHEPreTUYHI PECcypcH 3a
paxyHOK peryJjlOBaHHS IMBHUJKOCTI TOJa4l TEIMJIOHOCISA Ta30MOBITPSHOTO MOTOKY 1
3a0€3Me4YnTH PIBHOMIPHICTh TEMIIEPATYPHUX MOJIIB B TEXHOJOTTYHUX 30HAX MAIINHHU.

[IpencraBiieHO aNrOPUTM KEPyBaHHS IIPOIIECOM TEPMIUHOI OOPOOKH OKATHIIIIB Ha
KOHBEEPHIA MalllMHI, MO0 0a3yeThbCs HAa BHUKOPHUCTAHHI HEUITKUX KOHTPOJIEPIB, SIKI
VIOPABJISIIOTh MOTOKAMHM TEIUIOHOCIIB TPU PETYIIOBaHHI TEMIIEPaTypHUX PEKUMIB
TEXHOJIOTIYHUX 30H. Po03po0ieHi alropuT™Mu KepyBaHHS 1 MporpaMHO-arnapaTHe
3a0e3MeYeHHsI 3aPOTIOHOBAHO ISl BAKOPUCTAHHS Y BUPOOHUUNX YMOBAX.

B mporpamuomy cepenoBuiti LabVIEW po3poOneHo BipTyanbHy MOAENb IS
JOCIIJKEHHSI ~ TPOIECYy KEPYyBaHHS TEPMIYHHM  OOpOOJICHHSIM  OKATHINIB  Ha
BUTIATIOBAJIPHUX MAalllMHaX KOHBEEPHOTO Tully. lLle M03BOJMIIO CHpPOEKTYyBaTH
MeTaJyprifiHuil KOMIUIEKC Ha 0a3l Cy4acHOro airoputMmy oO0poOku iHdopmarii 3
BUKOPUCTAHHAM KOHTPOJIEPIB 13 HEUITKOIO JIOTiKo. OTpumaHi pe3yibTaTu
MOJICTIOBaHHSI TOKa3ajd, IO 3a pPaxXyHOK OINTUMI3aIii CcepeaHbOi IIBUIKOCTI
NEePEeMIIIEHHS Bi3KIB KOHBEEPHOI CTPIUKH Ta JOCATHEHHS OJM3BKOTO A0 MAaKCUMyMY
3HAYEHHS BUCOTH IIAPy OKATHUIIIIB MOKJIMBE 3HUKEHHS! BAKOPUCTAHHS €JIEKTPOEHEPTii Ha

3,5 kBr'roxa/T.



Pe3ynbraT eKCHEpUMEHTATbHUX JOCHIKEHb, METOJIOJIOTISl 3aCTOCYBaHHS
BIPTyaJIbHUX NPUCTPOIB 1 PEKOMEHJAIlll M0J0 IX BUKOPUCTAHHS Ha 3a130pYyJIHUX
KoMOiHaTax YKpaiHM yOpOBa/PKEHO Ha BHUPOOHMITBI, 30KpemMa Ha (alpwuii
orpyakyBaHHs [IpAT «IliBHIuHMIA TipHHYO-30aravyyBajbHUN KOMOIHAT» y MPOEKTaxX, B
KX BUKOPUCTOBYETHCSI KOMIUIEKCHa MaTeMaTHYHA MOJIETb, 110 allPOKCUMYE JTUHAMIKY
TEPMIYHOTO TPOIIeCy OOpPOOJEHHS OKATHUIIIB Yy TEXHOJOTIYHUX 30HAX BUMATIOBAIBLHOI
MAaIllMHA Ha OCHOB1 BUPIIICHHS CUCTEM HEUITKUX JIOTIYHUX PIBHSHB Ta ii MapaMeTpUIHOI
imenTudikanii (akT Mpo BUKOPUCTAHHS PE3yJbTATIB AUCEpTaliiiHoi pobdotu Big 10
#0BTHs 2019 poky).

AHani3 pe3ysbTaTiB yIPOBAKEHHS TOKAa3aB, M0 3MEHIIEHHS MUTOMOI BUTPATH
najguBa IS MATPUMAHHA PEKUMHUX IMapaMeTpiB  BHCOKOTEMIIEPATypPHHUX 30H
BUTMAJIIOBAIbHUX MAIlIMHU KOHBEEPHOIO THUITY MOXIJIMBE 32 YMOBHU JIOTPUMAaHHS
BHU3HAUEHUX 3HAYEHb BHMCOTH OKATHIIIB, BMICTy BOJIOTM B OKAaTHIIAX Ta CEPEIHBOI
IIBUJIKOCTI IEPEMIIIEHHS Bi3KIB KOHBEEPHOI CTPIUKH.

KirouoBi cioBa: BumamoBaibHa MallMHA KOHBEEPHOTO THUITY, 3aJi30pY/IHI

OKaTHIIll, TEePMIYHUHN TIpOLIEC, KEPYyBaHHs, KOMIUJIEKCHA MOJIEJIb, HEYITKa JIOTIKA.

ABSTRACT

Mytrofanov O.V. Automation of controlling thermal pellet treatment by using a
fuzzy logic-based conveyor machine. — Qualifying research work (manuscript).

Thesis for a Doctor of Philosophy degree (Speciality 151 «Automation and
Computer-Integrated Technologies»). — Kryvyi Rih National University, the Ministry of
Education and Science of Ukraine, Kryvyi Rih, 2021.

The presented research deals with solving the scientific problem of developing and
studying the automated control system for mode characteristics of thermal treatment of
iron ore pellets using conveyor-type kilns to improve efficiency of the process.

The process of automated control over thermal treatment of iron ore pellets in



interrelated technological areas of the conveyor-type kiln is the research object.

To provide better marketable quality of produced pellets under changeable
conditions and parameters of technological areas of the kiln, regularities, models and
methods of controlling processes occurring during thermal treatment of pellets make the
research subject.

When conducting the research, incomplete and fuzzy characteristics of
technological areas, distribution of heat-carriers of air-gas flows, physical and chemical
properties of pellets, parameters of aggregates of the machine, etc. are taken into
consideration. With limited parameters of the technological process, a set of engineering
designs is developed to provide reduction of energy-carrier consumption, improve quality
and increase output of applicable pellets.

Section 1 is based on reviewing literary and patent-licensed sources in order to
analyze pellet treatment by using conveyor-type machines and automation of this process
as well as detecting some issues unsolved in this field. The content of requirements to
controlling thermal pellet treatment by using conveyor-type machines is analyzed and
factors complicating their practical fulfillment are determined. There are specified
parameters of the technological process that influence regulated properties of applicable
pellets.

Specific features and problems of controlling thermal treatment of pellets by using
conveyor-type machines are under consideration. It is ascertained that current thermal
schemes of kilns call for heat-carrier flows with required parameters fed into
technological areas to provide their regulated characteristics. The known results of
theoretical and experimental investigations do not always provide qualitative and
complete description of pellet treatment considering influence of parameters of adjacent
technological areas. Failure to provide distinct and complete parameters of technological
areas with their mutual influence is the most crucial point when forming regulated values
of control over thermal pellet treatment. The peculiarities indicated influence transient
modes occurring in technological areas.

Section 2 deals with methodological and theoretical principles of control over

thermal pellet treatment in technological areas of fuzzy logic-based conveyor-type kilns



under ambiguous and incomplete data on the machine state.

Distribution of heat-carrier flows in technological areas of the machine over the
layer of pellets and at its output with various speed of conveyor belt trolleys is analyzed.
The presented research results reveal that the temperature of the heat-carrier flow at the
output of the high-temperature area of the machine is determined by interpretation of the
Darcy-Weisbach formula. Regularities of iron ore pellet roasting in conveyor-type
machines are identified and formalized to increase efficiency of this process control.
Improvement of mathematical models of controlling the process in technological areas
by introducing Fuzzy Logic Controllers as their main controlling devices is suggested,
this resulting in regulated values of temperature of heat-carriers in gas-air flows in
machine areas. Software mathematical packages Matlab/Simulink and Fuzzy Logic
Toolbox are used to conduct the research. Automated control systems are simulated in
Control System Toolbox. The proposed models take account of consistently interrelated
technological areas and the feedback between them.

Regularities for automated control over pellet roasting based on identifying
temperature change points in gas-air flows when determining the control object’s
parameters are established. It is found that the increase in temperature difference of the
heat-carrier of the gas-air flow at the input of the pellet layer and beyond corresponds to
higher temperature of the heat-carrier of gas-air flows. The decrease in the heat-carrier’s
temperature in gas-air flows at the output of the high-temperature area corresponds to the
exponential law. It is determined that the speed of conveyor belt trolleys affects the
temperature of heat-carriers of gas-air flows supplied and departing from the
technological areas of the machine.

Section 3 specifies the effect of parameters of adjacent technological areas, flows
and heat-carriers’ temperature distributed over the pellet layer on conveyor belt trolleys
on pellet treatment. The integrated mathematical model is proposed to study the process
of pellet treatment. The model is represented by a block-sequential structure consisting
of separate mathematical models of technological areas of the machine. The main idea of
the integrated mathematical model is that the input fuzzy parameters of the technological

area are output parameters from the previous areas and vice versa, the output parameters



of one area are the input ones of the next area. Theoretical principles of controlling iron
ore pellet roasting based on fuzzy logic methods and practical steps to implement them
are elaborated. Fuzzy Logic Controllers are proposed for the models. This makes it
possible to increase efficiency of the technological process, improve energy indices of
thermal treatment of pellets in a conveyor-type roasting machine and perform efficient
redistribution of heat-carrier flows along the technological areas. When reducing the
temperature of heat-carriers of gas-air flows at the output of these areas, it is necessary to
control fume-exhausts by changing flow parameters for low-temperature areas in order to
stabilize thermal processes.

The influence of heat-carrier flows’ parameters on quality of transient processes in
a closed-loop system is analyzed. The research of the proposed mathematical models
results in indicating some changes in fuzzy technological parameters of interrelated
technological areas that lead to unregulated temperature values of the upper pellet layer
and inefficiency of energy carriers’ use.

The results of the research into transient processes received from models and
experimental data of the production process enable a comparative analysis of energy
indices of gas consumption and fume-exhaust performance. It is established that the
performance characteristics of the fume-exhaust change gradually in each technological
area. Compared to the characteristics obtained from experimental data of the operating
roasting machine, it is possible to increase the efficiency of the fume-exhaust, this
resulting in a decrease of energy consumption by 5.78% and natural fuel by 1.1m3 per t
of pellets while maintaining the required temperature mode. These results confirm energy
efficiency of the developed system. The data obtained from developed mathematical
models and experimental data of the roasting machine of the LURG-278A type at the
PJSC Northern Mining and Beneficiation Plant (SevGOK) are analyzed, their relevance
confirmed by the Fisher criterion.

Section 4 is devoted to practical implementation of and experimental research into
the proposed scheme of automation of controlling thermal treatment of pellets on a
conveyor-type roasting machine based on fuzzy and incomplete logic with incomplete

and fuzzy parameters of technological areas. The functional and structural schemes of the



automated system of optimal control of thermal iron ore pellet treatment are developed.
The presented schemes include the following technical tools: sensors of height, mass,
temperature of heat-carriers of gas-air flows and other measuring transformers, fuzzy
logic controllers for each technological area, the central controller connected to a personal
computer and an industrial portable computer that acts as a programming device and
frequency convertors. It is suggested to install power metering sensors used for fans and
fume-exhausts to transport heat-carrier flows and conveyor belt trolleys, and a natural gas
flow sensor to control the temperature in high-temperature areas of the machine. The
developed automation scheme allows efficient use of energy resources by regulating the
supply speed of the heat-carrier of the gas-air flow and regular temperature fields in the
technological areas of the machine.

The control algorithm of thermal treatment of pellets by using the conveyor
machine is presented on the basis of fuzzy controllers for heat-carrier flows when
regulating temperature modes of the technological areas. The developed control
algorithms and software-hardware support are proposed for industrial conditions.

In the LabVIEW environment, a virtual model is developed to study control over
thermal pellet treatment by using conveyor-type kilns. This enables designing a
metallurgical complex based on a modern algorithm of data processing by fuzzy logic
controllers. The obtained simulation results indicate that due to the optimized average
speed of conveyor belt trolleys and the height of the pellets layer close to the maximum,
it is possible to reduce power consumption by 3.5 kW*h/t.

The experiment results, methods of applying virtual devices and recommendations
for their use at Ukraine’s iron ore mining enterprises have been implemented in the
industry, in particular, at the pelletizing plant of the PJSC Northern Mining and
Beneficiation Plant. These are the projects based on the integrated mathematical model
that approximates dynamics of the thermal pellet treatment in the technological areas of
the kiln based on solving fuzzy logic equations and their parametric identification (the act
for use of the dissertation results as of October 10, 2019).

Analysis of implementing the results reveals that reduction of specific fuel

consumption to maintain mode parameters of high-temperature areas of conveyor-type



Kilns is possible when observing specified values of pellet height, moisture content in
pellets and the average speed of conveyor belt trolleys.
Key words: conveyor-type Kkiln, iron ore pellets, thermal process, control,

integrated model, fuzzy logic.
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