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2. Automation of controlling thermal pellet treatment by using a fuzzy logic-based conveyor machine

Pedepar:

1. TIpencrasyiena po6oTa nprcBsYeHa BUPILIEHHIO HAYKOBOI 33/1a4i po3po6JIeHHS ! TOCTIiIKEHHS] HA MAaTEMaTUYHUX
MOJIEJIIX Ta Y BUPOOHUYOMY IIPOLIEC] CUCTEMU aBTOMATHM30BAHOTO KEPYBAaHHS PEXXUMHUMU XapaKTEPUCTUKAMU
IIpolLiecy TEpMiYHOro 06po6JIEHHS 3a/1i30PyIHAX OKATHUIIIB HA BUIIAJIIOBAIbHUX MAIIMHAX KOHBEEPHOTO TUITY JJIs1
MiIBUIIEHHS NOT0 e(PeKTUBHOCTI. O6'€KTOM JOCIIiI’KEHHS € NIPOLeC aBTOMAaTU30BAaHOTO KEPYBAHHS TEPMiYHUM
06pO6JIEHHSIM 3aJ1i30PYAHUX OKATUIIIB Y B3a€MOIIOB SI3aHUX TEXHOJIOTTYHUX 30HAX BUMNAIIOBAIbHOI MALIVMHU
KOHBEEPHOTO TUIly. 7151 3a6e31e4eHHs MiABUILIEHHS TOBAPHOI SKOCTi TOTOBUX OKAaTUIIIB B YMOBax 3MiH CTaHy Ta
[apaMmeTpiB TEXHOJIOTIYHUX 30H BUITAIIOBAJIbHOI MAIIVHY IIPEIMETOM JOCIII)KEHHS BU3HAYE€HO 3aKOHU, MOZEJI i
MEeTO/IM KePYBaHHS MPOLeCAMU, SIKi BUHUKAIOTh [TPY TEPMIiYHOMY 00p06s1eHHi okaTulliB. [Ipy BUKOHaHI AOCTiIXKEHD

BPaxOBYBaJINCh HEIIOBHI 1 HEUITKi XapaKTEPUCTUKU TEXHOJIOTIYHUX 30H, PO3MOLis TEIJIOHOCIIB ra30MoBITPSIHUX



IOTOKIB, (i3NKO-XiMiYHi BIAaCTUBOCTi OKaTUILIB, TapaMeTPU arperaris MallMHU ToLo. [Ipy1 06MeXXeHUX apameTpax
TEXHOJIOTIYHOTrO NPOLECY PO3PO6IEHUI KOMIIJIEKC HAYKOBO-TEXHIUHMX PillleHb, IKUI J03BOJIS€E 326€3[1€YUTU
3HUKEHHS BUTPAT €HeProHOCIiB, MTOKPAIUTH SIKiCTb i 361bIIUTH 0OCIT BUTOTOBJIEHHS IPUIATHUX OKATHUIIIB.
[IpencraBieHO aJrOPUTM KEPYBaHHS IPOLIECOM TEPMiYHOI 06pOOKM OKATHILIIB HA KOHBEEPHIN MalllMHi, 0
0a3yeTbCsl HA BUKOPUCTAHHI HEYiTKUX KOHTPOJIEPIB, SKi YIIPaBJISIOTh IOTOKaMU TEIJIOHOCIIB TP PEryJl0BaHHI
TeMIIepaTypPHUX PEXXUMIB TEXHOJIOTIYHUX 30H. PO3p00JieHi alropuTMu KEpyBaHHsI i IporpaMHo-arapaTHe
3a0€e31e4eHHs 3allPOIIOHOBAHO [1JIs1 BUKOPUCTaHHS y BUPOOHUUYMX YMOBax. B mporpamHomy cepeposuili LabVIEW
PO3pO6JIEHO BipTyaslbHy MOJEJIb /17151 OCIIiIKEHHS IPOLeCy KePYBAaHHSI TEPMiYHUM OOPOOGJIEHHSIM OKATHUILIB Ha
BUIIAJIIOBAJIbHMX MALIMHAX KOHBEEPHOTO TUIly. Lle 103BOINIIO CIPOEKTYBAaTH METAJTyPriiHUI KOMILJIEKC Ha 6a3i
Cy4aCHOTr0 aJIrOpUTMy 00poOKM iHpopmallii 3 BUKOPHUCTaHHSIM KOHTPOJIEPIB i3 HEUiTKOIO JIoTiko. OTpuMaHi
pe3yJIbTaTU MOJEJIIOBAHHSA [T0KA3aJy, O 3a PaXyHOK ONTUMI3alii cepeHbOoi IBUAKOCTI IepeMillleHHS Bi3KiB
KOHBEEPHOI CTPiYKU Ta JOCSATHEHHS 6JIM3bKOTO 10 MAKCMMYMY 3HA4€HHSI BUCOTH LIAPy OKATHUIIIB MOXKJIABE
3HKEHHS BUKOPUCTaHHS eJIeKTpoeHeprii Ha 3,5 KBT-rof/T. Pe3ybTaTi eKCriepuMMEeHTaIbHUX JOCIIiIKEHD,
METO/,0JIOTisl 3aCTOCYBaHHS BipTyaJIbHUX IIPUCTPOIB i peKOMEHAALiI OA0 iX BUKOPUCTAHHS Ha 3aJli30PyLHUX
KOMOiHaTax YKpaiHu yIIpoBaiKeHO Ha BUPOOHUIITBI, 30kpema Ha ¢pabputii orpyaxkysaHHs [IpAT «ITiBHiYHMI
ripHM4YO0-36arayyBajibHUI KOMOIHAT» y IPOEKTAX, B SKMX BUKOPUCTOBYETLCS KOMIUJIEKCHA MaTEeMAaTUYHA MOZEb, 110
arpoKCUMye AUHAMIKy TEPMIYHOrO Ipoliecy 06po6IeHHs OKATUILIB Y TEXHOJIONYHUX 30HaX BUIIAJIIOBAJIbHO]
MalllMHU Ha OCHOBI BUPILIE€HHS CUCTEM HEYIiTKUX JIOTIYHUX PiBHSHB Ta ii NapameTprnyHoi inenTUdikauii (akT npo
BUKOPUCTAHHS Pe3yJIbTaTiB AucepTauiiiHoi po6oTu Bif, 10 xxoBTHS 2019 poKy). AHaMI3 pe3ysbTaTiB yIIPOBAIKEHHS
I0Ka3aB, [0 3MEHIIEHHS] TMTOMOI BUTPATHU NIaJvBa AJ14 MiATPMMaHHS PEXXMMHUX IIapaMeTpPiB
BUCOKOTEMIIEPaTypHUX 30H BUIMAJIOBAJIbHUX MAIIMHU KOHBEEPHOTO TUITY MOXJIMBE 32 YMOBU IOTPUMaHHS
BU3HAYEHUX 3HAYEHb BUCOTY OKATUIIIB, BMICTY BOJIOTY B OKQTUIIAX TA CEPEAHBOI BUAKOCTI IEPEMIIIIEHHS Bi3KiB
KOHBEEPHOI CTPiUKHU.

2. 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. 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 PISC 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.
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