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Jluceprailii  TpHUCBSYEHA  aKTyaldbHI  TeMH  pO3pOOKH  CHCTEM
aBTOMAaTUYHOTO KE€PYBaHHS MPOIIECOM 10HHO-TIJIA3MOBOTO HAHECEHHS MOKPUTTS Ha
iHcTpyMeHT. CucTemMa aBTOMaTHU3allll JO3BOJISE MOKPAITUTH SKICHI BJIACTHUBOCTI Ta
CTPOK eKCIUTyaTallli 1HCTPyMEHTa 3a paxyHOK BpaxyBaHHsS OCOOJIMBOCTEU
TEXHOJIOTIYHOTO MPOIIECY.

B poGoti mpoBeaeHa po3poOka KOMIUIEKCY HENIHIMHUX MaTeMaTUYHUX
MOJeJIed BCIX €TaliB TEXHOJOriyHoro mnpouecy. Komm’roTepHa cuMysmis
MPOBOJIMIACH B TpOorpaMHOMy TakeTi Simulink.

Po3pobiiena maTemaTMyHa MOJENb JUHAMIKM HArpiBy 3a JIIHIMHOIO
MPOrpaMoI0 METAJOPI3AIBHOTO 1HCTPYMEHTY B MPOIECl 10HHOTO OYHUIICHHS.
Jl)xepenom HarpiBy € Iuia3MoBa Ayra. B ycraHOBII HarpiBaHHS 1HCTPYMEHTY
MPOBOAUTHCA SIK 3a PaxXyHOK IMOTOKIB TeIja 10HHOTO OomOapayBaHHS, Tak 1 BiJ
HArpiTOi MIAKIAAKH, a BTPATH TEIUIa MPOXOASITh B PE3yJIbTaTi BUIPOMIHIOBAHHSI.
Jns  cropomieHHss  MOJedb  po3poOjieHa 3  BUKOPUCTAHHSM  3BUYAMHUX
mudepeHUIiHUX piBHSAHb. Bepudikaiis 1iei mMojenl mMpoBeAeHa 3a JONOMOTOIO
OPELUU3IHOrO MOJENIOBAHHS TEXHOJIOTIYHOTO TMPOLECY 3 BUKOPUCTAHHSIM
KJIACUYHOT'O PIBHSHHS TEIUIOMPOBIAHOCTI IHCTPYMEHTY B YAaCTKOBHMX MOXIJHUX B
MWIHAPUYHUX ~ KoopauHatax. [IpoGiemoro KepyBaHHA AudepeHIlIHHUMA
PIBHSHHSMU B YaCTKOBUX MOXIJHUX € Te, MmO (QYHKIIT KepyBaHHS 3BHYANHO
BXOJIUTH JI0 TEPMIiHATBHOI YMOBH, IO AY>XE€ HE 3pY4YHO NPU MOJAEIIOBaHHI. Tomy
I TepMiHAJIbHA YMOBa 3aMiHEHA EKBIBAJICHTHOIO JENbTa-(QYHKINIEI0 B TpaBii

yacTUHI JU(epeHuifHOro PIBHAHHS Y BIANOBIAHOCTI A0 TEOpli CHHTE3Y



PO3MOJIEHUX CHUCTEM KepyBaHHsA. PoO3B’S3aHHA pIBHSHHS  MPOBOAUTHCS 3
BUKOpHCcTaHHAM (yHK1iN beccens 1-ro poay 0-ro i 1-ro mopsakis.

Po3pobniena marematuHa MOJEIb JUHAMIKM TEIUIOBHX IMPOIIECIB B
IHCTPYMEHT1 B TMpOIECI HAHECEHHS NOKPUTTA. BXilHOIO 3MIHHOIO MOJENi €
Harpyra Ha MiIKIa1ll, BUX1THOI — TeMIepaTypa IHCTPYMEHTY.

Po3pobniena maremaTudHa MoOJENb JIWHAMIKKM THUCKY ra3y B BaKyyMHIH
KaMepi B Mpolieci HAaHECEHHS MOKPUTTA. BXiqHOIO 3MIHHOIO MOJIEN € TIo/1a4ya Tasy,
BHUX1JIHOIO — THUCK B Kamepl.

Po3pobiiena MaTemaTuHa MOJENb JUHAMIKKA TIPOIECY OXOJOMKEHHS
IHCTPYMEHTY 3a JIONOMOTrOI0 1H(PpauepBOHOTO BUIIPOMIHIOBAHHS 1 TEIIoNepeaayi
B OIOpHY KaceTy. BXimHOI0O 3MIHOIO MOJIEll € Tojaya rasy, BUXIJHOIO —
TEeMIepaTypa IHCTPYMEHTY. 3 BUKOPUCTAHHIM PO3POOJICHOTO KOMILIEKCY MOJIEIe
JUHAMIKd OCHOBHUX TEXHOJOTIYHMX IPOIECIB YCTAaHOBKHM PO3POOJIEHO CydacHI
BUCOKOSIKICHI CUCTEMH KepyBaHHS [IUMH [IPOLIECAMHU.

Po3pobisieHa mporpaMHO-TEXHIYHA CTPYKTypa KOMI'FOTEPHO-IHTETPOBAHOI
CUCTEMHM aBTOMAaTH3allli yCTaHOBKM 10HHO-IJIA3MOBOrO0 HamujeHHs bynar.
Po3po0sieHe pilieHHs 1o aBToMaTH3alli JO3BOJISIE CIPOCTUTH 3aBJaHHS PO3POOKU
1 BIJJIaTOJDKCHHS HOBHUX PEIENTIB 3a JOMOMOIOK CHEIlaJIbHUX 3aco0iB s
IMITaIITHOTO MOJIEJIIOBAHHS YCTAHOBKM B peajbHOMY uaci. Takox MporpamHe
3a0€3MEeUeHHs] CHCTEMH aBTOMAaTH3allii  JI03BOJISIE MPOBOAUTU  CHUHTE3 1
BIJIJIArOJKEHHSI CUCTEM aBTOMATUYHOI'O KEpyBaHHS Ul YCTAaHOBKHM 3 33JaHUMU
OmepaTopoM TMapaMeTpaMHd TEXHOJOTIYHOTO MpOIEeCy 1 BUMOTaMH [0 SIKICHUX
MOKa3HUKIB  IHCTpyMEHTY. Po3poOneHa cuctemMa  BHUKOPHCTOBYETHCS B
HaBYAJIbHOMY IIPOIIECI.

Kniouosi cnosa: Meranopi3alibHUM 1HCTPYMEHT, HAHECEHHS IOKPHUTTIB,
1oHHe OoMOapayBaHHS, HEJiHIHHA MaTeMaTHYHa MOJelb JWHAMIKH, CHCTEMa
aBTOMATUYHOIO  KEpYyBaHHs, pO3MOJUIEHa MOJAETb JWHAMIKH, CHUCTEMa
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ABSTRACT

Kirkopulo Kateryna. Automation of control processes of the ARC PVD
ion-plasma installation.

Qualifying scientific work on the rights of the manuscript.

Dissertation for Philosophy Doctor degree by specialty 151 — automation
and computer- integrated technologies. Odesa National Polytechnic University of
Ministry of Education and Science of Ukraine, Odesa, 2020.

The dissertation is devoted to the actual topic of development of systems of
automatic control of the process of ion-plasma coating the tool. The automation
system improves the quality of the tools and the lifetime of the tools by taking into
account the features of the technological process.

The complex of nonlinear mathematical models of all stages of technological
process dynamics is developed in the work. Computer simulation was performed in
the Simulink software package.

A mathematical model of heating dynamics to a linear program for metal-
cutting tools in the process of ion purification is developed. The source of heat is a
plasma arc. In the installation, the heating of the instrument is carried out both by
the flow of ion bombardment heat and from the heated substrate, and the heat loss
occurs as a result of radiation. For simplicity, the model is designed using ordinary
differential equations. Verification of this model was performed using precision
process modeling using the classical equation of thermal conductivity of the
instrument in partial derivatives in cylindrical coordinates. The problem with
controlling partial differential equations is that the control functions are usually
included in a terminal condition, which is not very convenient for modeling.
Therefore, this terminal condition is replaced by an equivalent delta function on the

right-hand side of the differential equation in accordance with the theory of



distributed control systems design. The equation is solved using Bessel functions
of 1st type Oth and 1st order.

A mathematical model of the dynamics of thermal processes in a tool in the
coating process is developed. The input variable of the model is the voltage on the
substrate, the output is the instrument temperature.

A mathematical model of gas pressure dynamics in a vacuum chamber
during the coating process is developed. The input variable of the model is gas
flow, the output variable is the pressure in the chamber.

A mathematical model of the dynamics of the cooling process of the
instrument with the help of infrared radiation and heat transfer to the support
cassette is developed. The input change of the model is gas flow, the output is the
temperature of the instrument.

Using the developed complex of models of dynamics of the main
technological processes of installation, modern high-quality control systems for
these processes have been developed.

The software and technical structure of the computer-integrated system of
automation of the installation of ion-plasma spraying is developed. The developed
automation solution simplifies the problem of developing and debugging new
recipes with the help of special tools for simulating real-time installation
simulation. Automation system software also enables the design and debugging of
automatic control systems for installation with the operator-defined process
parameters and requirements for quality instrument performance. The developed
system is used in the educational process.

Keywords: metal-cutting tool, coating, ion bombardment, ARC PVD,
nonlinear mathematical model of dynamics, system of automatic control,

distributed model of dynamics, system of automation, computer-integrated system.
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