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2. Multicriteria synthesis of mechatronic functional modules of machinesfor food packaging

Pedepar:

1. Inceprauis npucBgYeHa po3po6IeHHIO KOHIEMIlii 6araTOKpUTepialbHOTO CUHTE3Y [1aKyBaJIbHOTO OOJIaIHAHHS 32
33JaHNMU XapaKTEPUCTUKAMU Ha OCHOBI CUCTEMHOTO MiTXO0Iy [0 OLHKM IXHBOI SIKOCTi Ta
KOHKYPEHTOCIIPOMOJKHOCTI B CTPYKTYPi Xapu0OBUX BUPOOHULTB. OOOI'PYHTOBAHO [OLIbHICTb Ta aKTYaJIbHICTb
IycepTaliiHoi po60oTH. BildHaueHO BaKIMBICTh 6araTOKpUTEPialbHOTO CUHTE3Y TEXHIYHUX pillleHb KOMIOHYBaHHS
(YHKIIOHAJIbHAX MEXaTPOHHUX MOJYJIIB y CKJIaZli IaKyBaJIbHUX MALIMH XapuYOBUX BUPOOHULTB. BUKOHaHO aHai3
Cy4yacHUX IIpobsieM 6araToOKpUTEPialbHOrO CUHTE3Y I0OTOKOBOTEXHOJIOTIYHMX CUCTEM I1aKyBaJIbHUX JIiHIN XapyoBUX
BMPOOHULITB. 3alIpDONIOHOBAHO, OOIPYHTOBAHO Ta AOBEAEHO €(EKTUBHICTb KOHLENLil 6araTOKpUTEPiaJbHOrO
cuHTe3y Ha npukiani ®MM nopadi pyJIoHHOro MaTepiainy sl IaKyBaJbHOI MAlIMHY i3 pi3HUMU (PYHKIIOHATTBHUMU
IIPUCTPOSIMU, OOIPYHTOBAHO JOLJIbHICTb X BUKOPUCTAHHS /115 Pi3HUX KpUTEPIiB 3afavi onTuMizallii.
3anponoHOBaHO METOAMKY OLIiHKM NaKyBaJIbHOTO O0JIaJHAHHS i3 KOMIJIEKCHUM KpuTtepieM ouinku OEE nis pisHux
KOMIOHyBaHb MM HaliMeHII JOCTiAKEHOI TPyM MAlIKH [J1 NaKyBaHHS IITYYHUX Ta APiOHOMTYYHNX XapuYOBUX

IIpoayKTiB. PO3p0o6yieHO MeTOMKy 6araToKpuTepiasbHOI ONTUMI3alii 3a mpuHLuIoM nomyky [TapetroedekTuBHUX



pillieHb, gKa BKJIIOYa€ NIPOrpamy, 110 aBTOMATUYHO FeHEPYE yCi MOSKIIMBI BapiaHTU CTPYKTYPU MAIIMHU Ta Oyaye
rpadik 3a7eXHOCTi 3HaY€Hb YaCTKOBUX KPUTEPIiB onTuMasnbHOCTI. [IpoBefieHo anpoballito pe3yibTaTiB
IYCEepPTaLifHOTO AOCIIIPKEHHS B IPOMUCJIOBUX YMOBaX. Po3po61eHO Ta 3aXUIlleHO IaTeHTaMU HOBi KOHCTPYKTUBHI

TEXHIYH] pillleHH 171 MaKyBaJIbHMX MallMH Xap4OBUX MIPOLYKTIB.

2. The dissertation is devoted to the development of new methods of multicriteria synthesis of packaging
equipment on the basis of the given characteristics on the basis of a systematic approach to assessing their quality
and competitiveness in the structure of food production. The analysis of modern problems of multicriteria
synthesis of flowtechnological systems of packing lines of food production. Based on the analysis, the following
critical conclusions and perspectives of research are formulated: - the effectiveness of known methods and
algorithms of parametric optimization essentially depends on the type and nature of the change in the function of
purpose and the presence of a type of restrictions; - the solution of the problem of choosing a rational structure
and optimal parameters of the packaging machine is mainly based on the technology of throughdesign (Concurent
Technology) — parallel design of a packaging machine with an integrated approach to the selection of criteria for
assessing the quality of future packaging equipment for food production; - the consistent solution of the tasks of
structural and parametric synthesis and the task of choosing the layout of the packaging machine does not make it
possible to comprehensively evaluate potential possibilities of alternative variants of packaging equipment in the
early stages of designing is carried out Overall Equipment Effectiveness (OEE). The description of the program of
analytical and experimental research, the synthesis of the algorithm of action to achieve the aim, the
substantiation of the object and subject of research, and determined the methods of experimental research. The
schemes and models of multistage stepbystep multicriterial synthesis realization on the example of FMM for
feeding a roll packaging material for a packing machine with different FSS are presented, the expediency of their
use for various criteria of optimization problem is substantiated. The technique of evaluation of packing equipment
with the complex criterion of estimation of OEE for various combinations of FMM of the leaststudied group of
machines for packing of artificial and finefood products is offered. The actuators dynamics characteristics and
control system of power part of positional electro-pneumatic actuators were researched. The methods of
mathematical and computer modeling, and methods of solving ordinary differential equations and partial
differential equations and method of correlation analysis were used. In the obtained results of modeling the
kinematic load and the pressure of the working position pneumatic actuator, clearly observed that the inertial
component increases in 4 stages (braking), during the narrowing the exhaust section of the working cylinder of the
positional pneumatic actuator. Developed alternatives to empirical and semiempirical methods with approaches
based on solid state mechanics, Computational Fluid Dynamics (CFD) methods when the NavierStokes or Reynolds
equations are solved using numerical methods. The mathematical models with effective method of analysis of
productivity of the ejector, as well as separate functional systems of packing machines with nozzle devices are
constructed. Definitely the kinematic and dynamic parameters of mechatronic systems in different modes of work
during the study: the process of submitting the roll of packing material on the stage of the formation of flexible
consumer packaging; of the dosage of the gas and liquid components when processing the packing material and
food product; process of transportation of smallpiece products on the stage of the packaging. The approbation of
the developed mathematical models of typical functional mechatronic modules of packaging machines of food
production on original experimental stands and in industrial conditions confirmed the adequacy of the results of
mathematical modeling with deviations within the limits of the error for various technological operations. The
applied aspects of production methodology for layout of packing equipment involving functional mechatronic
modules for packaging food products in consumer packaging. Describes the technical proposals used during the
designing of the new packing equipment and modernization of existing enterprises: LLC “CAMOZZI”, LLC “PAK
SERVICE”, LLC “Poninkivska cardboard and paper mill-Ukraine”, LLC “PACKAGING TECHNOLOGY”. The estimated
economic effect of the implementation is 231 thousand hryvnia for individual packaging machines and the
improvement of functional mechatronic modules.
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