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1. ABromaTH30BaHa cucTeMa KepyBaHHS IIPOLECOM MiZIrTOTOBKY CUPOBUHM [1JIs1 BATOTOBJIEHHSI KEpaMiyHUX BUPOOIB

i3 mizcucremoto inenTudikalii Ta BUIy4YeHHS METaJeBUX BKJIIOYEHD

2. An automated control system for the preparation of raw materials for the production of ceramic products with a
subsystem for identifying and extracting metal inclusions

Pedepar:

1. Inceprarist Ha 30006YTTSI HAYKOBOTO CTYIIEHs] KaHIMUaTa TeXHIYHUX HayK 3a crewianpHicTio 05.13.07 -
ABTOMaTU3alis IpoLeciB KepyBaHHs. — IBaHO-PpaHKiBCbKUI Hal[iOHAJIbHUY TEXHIYHMI YHIBEepCUTET HaTH i rasy,
IBaHO-®paHKiBChK, 2021. B po6oTi npoananizoBaHi aBToMaTu30BaHi cuctemu kepyBaHHs (ACK) TexHOIOriYHIM
MTPOIIECOM IIiATOTOBKY CUPOBUHU JiJIs1 BUTOTOBJIEHHS KEpaMiuHMX BUPOOiB, MeTOH i 3aco6u imeHTudikarii
MeTasleBuX BKJIIo4eHb (MB) y cpOBUHI Ha KOHBEEPHIH CTpiylli Ta OOrpyHTOBaHA [1€PCIEKTUBHICTh BUKOPHUCTAaHHS
ACK, ocHameHux nigcucreMamu ineHtudikauii i BusydeHHs: MB, o Bumarae TeOpeTUYHOrO OOIPYHTYBaHHS
Meroay izenTudixanis MB Ta po3pobku nigcuctemu AJis Horo peanisauii. Posapo6iseHi QpyHKIiOHaNIpHA cxema

nigcucrem igentudikauii i Bunyyenns MB 3 onucoM ii ckyaoBuX Ta CTPYKTypHA cxemMa iHTerpatii BkazaHux



nigcucrem B ACK mponecom mifroToBK cUpoBrHU. [IpoBefieHO TeopeTruyHe OBIPYHTYBaHHS Ta PO3POOBJIEHO METOT,
inenTudikanii MB misixom GopMyBaHHS €JIeKTPOMArHiTHOTO 110715 | BCTAHOBJIEHHS LOJaTKOBOI KOTYIIKY [1JIs1
(opMyBaHHS CIIPSIMOBAHOI AiarpamMu HANIPaBJIEHOCTI B 30Hi OCIIiKYBaHOI [iJISIHKY KOHBEEPHO]I CTPIUKU 3
CHPOBHHOI. Ha OCHOBI 3alTpOIIOHOBAHOTrO METOAY PO3pO0JIeH] (PyHKLiIOHAIbHI 6JIOKM MiACUCTEMH ifeHTUPiKaLLii
MB - 6510k BumiptoBanHs1 EPC npuiimanbHOI KOTYLIKM Ta 610K (POPMYBaHHS CUTHAIY 30yAKE€HHS i 06pOOKU
BuMipsHOi EPC, a TakoX CTpyKTypHa cxema nincucremu igentudikanii MB ta onucaHo npuHUun ix po6oTu.
Po3pob6seHo Ha 6a3i KoHTposepa Simatic S7-1200 nigcucreMy Busmyd4eHHsS MB 3 cupoBuHY, ii anroputmivyHe i
nporpamHe 3a6e3nedeHHs. [IpoBemeHo po3po6Ky i iHTerpalio migcucremu ineHtudikarii Ta BumydeHHs MB B
cTpykTypy ACK mporecom niroToBKY CUPOBUHY, SIKA BKJII0Yasa pO3pOOKY arapaTHOT0, KOMYHIKaliiiHOrO i
aJIrOpUTMIYHOrO 3a6e3redeHHs. 3 MeTOol0 3a0e31eyeHHsI OOMiHy JaHUX MK MifcucTreMaMu ifeHTudikaii i
BUJTy4eHHs MB, nepen6adeHo BUKOPUCTAHHS IPOTOKOIY nepeadi fauux ModBus RTU. [li1s onepatuBHOro
KOHTPOJIIO i yripaBiiHHS nepenodadeHa naxHesns oneparopa KTP700. [IposeneHa anpob6artis nigcucteMu
inenTudikauii MB Ha po3pobJieHiit 1abopaTOpHiil yCTaHOBL y BUIJISIII [iIsTHKA KOHBEEPHOI JIiHii 06s1aiHaHO1
€JIEKTPUYHUM IIPUBOAOM, a TaKoX Ha JiiHii N21 CBII «3aBon [TPOKEPAM» TOB «I'ong Kepamika», sika nigTepauia ii
epexTrBHICTb. KiI04OBi Cj1I0Ba: aBTOMAaTU30BaHA CUCTEM KepPyBaHHS, aJITOPUTM, PO3PAXyYHKOBA MOZEJIb, YHUCJIOBE
MOJeJIIOBaHHS, MeToZ ineHTudikauii, nigcucrema inenTudikauii i BUmydeHHs, CUCTeMa MarHiTHUX KOTYIIOK,

€JIEKTPOMarHiTHUH 6JI0K, MeTajleBe BKJIIOYEHHS, [IPOrpaMHe 3a0e3leueHHsl, CHPOBUHA.

2. Dissertation for the degree of candidate of technical sciences in specialty 05.13.07 - Automation of control
processes. - Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, 2021. The paper
analyzes automated control systems (ACS) for the technological process of preparing raw materials for the
manufacture of ceramic products, methods and means of identifying metal inclusions (MI) in raw materials on a
conveyor belt, and substantiates the prospects of using an ACS equipped with subsystems for identifying and
extracting MI, which requires theoretical justification and the development of a subsystem for its implementation.
A functional diagram of subsystems for identification and extraction of MI with a description of its components
and a structural diagram of the integration of these subsystems into an ACS for the process of raw material
preparation have been developed. A theoretical substantiation has been carried out and a method has been
developed for identifying MI by forming an electromagnetic field and installing an additional coil to form a
directional radiation pattern in the area of the investigated section of a conveyor belt with raw materials. On the
basis of the proposed method, functional blocks of the subsystem for identifying MI have been developed - a unit
for measuring the electromagnetic force of the receiving coil and a unit for generating an excitation signal and
processing the measured electromagnetic force, as well as a block diagram of the subsystem for identifying MI and
the principle of their operation. A subsystem for extracting MI from raw materials, its algorithmic and software has
been developed on the basis of the Simatic S7-1200 controller. The subsystem allows the extraction of ferrous MI
by selectively switching on electromagnets, depending on the location and dimensions of the detected MI. The
subsystem operation algorithm assumes automatic unloading of the extracted MI. The development and
integration of a subsystem for identification and extraction of MI into the structure of an ACS for the preparation
of raw materials, which included the development of hardware, communication and algorithmic support, was
carried out. In order to ensure the exchange of data between the subsystems for the identification and extraction
of MI, the use of the ModBus RTU data transfer protocol is provided. For operational monitoring and control, the
KTP700 operator panel is provided. The subsystem of identification of MI was tested on the developed laboratory
installation in the form of a section of the conveyor line equipped with an electric drive, as well as on line No. 1 of
the SVP "Plant PROKERAM" LLC "Gold Ceramics", which confirmed its effectiveness. Key words: automated control
system, algorithm, computational model, numerical modeling, identification method, identification and extraction

subsystem, magnetic coil system, electromagnetic unit, metal inclusion, software, raw materials.
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