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1. Po3po61eHHS METOiB IPOEKTYBaHHS pecypco3bepiralounx TEXHOJIOTIN BUTOTOBJICHHS leTaslell 061aiHaHHS
Xap4YOBUX BUPOOHUIITB

2. The resource-saving technologies designing methods development for manufacturing parts of food production
equipment

Pedepar:

1. Inceprauis npucBgYeHa po3po6IeHHIO METO/IB JOCiIKEHHS 3aKOHOMIPHOCTE IpoLeciB GOPMOYTBOPEHHS
neTasnei o61alHaHHS XapYOBUX BUPOOHUIITB 3 IOPOUIKOBMX Ta IOPUCTUX MaTepiajiB. MeToo poboTu € HayKoBe
OOI'PYHTYBaHHS PECYypCO36€piraloynx TEXHOJIOTi BUTOTOBJIEHHSI KOHCTPYKTUBHUX €JIEMEHTIB 00J1aJHaHHS
Xap4OBUX BUPOOHULTB 3 BUKOPUCTAHHSIM METO[iB MaTeMaTUYHOTO MOJEIOBAHHS [TPOLIECIB AedOpPMyBaHHS
IYCIiepcHUX MaTepianiB. Y nepuomy posfiii pobotu 6ysia npoBeneHa kiuacudikallis getanaeil MallvH i arnaparis
Xap4yOBUX BUPOOHUIITB, BCTAHOBJIEHI YMOBH Ta 0COOJIMBOCTI iX eKkcIuyaTanii. O6rpyHToBaHa JOLiNIbHICTD

3aCTOCYBaHHS PECYpPCO30€epiralourx TEXHOJIOTIH, 10 YUCa IKUX BiZTHOCATHCS METOIU ITIOPOMIKOBOI METamnyprii,



3alPOIIOHOBAHUM Psif] TUIIOBUX [E€TAJIEH, O AOLJIbHO OTPUMYBATH LUMU MeTonamMu. [IpoBeneHuit aHati3 MeToiB
MOJeJIIOBaHHSI NPOLieciB AedopMyBaHHS TOPOUIKOBUX i IOPUCTUX CEPEOBUIL Ta iCHYIOUMX [TPOTPAMHUX CHUCTEM,
110 [103BOJINJIO OOI'PYHTYBAaTH OCHOBHI HallpsSIMU JIOCTI/I>KE€Hb. Y IPyroMy po3zii po3pobsieHa MaTeMaTUyHa MOJIeJlb
npoueciB GOPMOYTBOPEHHS CTPYKTYPHO-HEOQHOPIIHUX TOPUCTUX MaTepianiB. [IpoBeeHo HayKoBe
OOI'PYHTYBaHHSI BUOOPY MOJeJIi NIaCTUYHOrO AedOopMyBaHHS IOPOUIKOBUX MaTepiasiB. Ha 0CHOBI y3aranbHeHOI
Moz eJIi IaCTUYHOTOo NepOPMYBAHHSI [IOPOLIKOBUX i TOPUCTUX MaTepiajiB Ta METOAY CKiHU€HUX eJIEMEHTiB
PO3p06JIEHO METOAMKY BU3HAUYEHHS PalliOHAJIbHUX KOHCTPYKTUBHO-TEXHOJIOTIYHUX NTapaMeTPiB
pecypco36epiraiourx TeXHOJIOTil BUTOTOBJIEHHS ieTajlell 061aiHaHHS XapuoOBUX BUPOOHULTB. [TopiBHSIHHS
pe3yJbTaTiB 00YUCIIEHb 3 Pe3yJibTaTaMy, OTPUMAHNMU iHITMMU aBTOPaMH, MiATBEPAUIIO aleKBaTHICTbh PO3PO6IIEHO]
METOAVKY MOJIEJIIOBAHHS. Y TPETbOMY PO3ZiJi IPOBENEHI NOCIIKEHHS [IPOLECIB OJlep>KaHHS JeTanen
KOHCTPYKLIHOTrO MPU3HAY€HHS MAIVH | arapariB XapuOBYX BUPOOHULTB 3 OPUCTUX CIIEYEHUX 3aTOTOBOK.
PosrnisiHyTi poniec OTpUMaHHS BTYJIOK IMJTiHIPUYHOI GOPMU METOZOM LITAMITyBaHHS, IITAMITYBaHHS JleTaJjel,
1110 MAIOTh BHYTPIIIHIO KOHYCOIO/i0HY IIOBEPXHIO Ta IIPOLIeCH OTPUMAaHHS BTYJIOK i3 BHYTpIlIHIM (JlaHLieM
METOJIOM PaliaJIbHOTO BUABJIIOBAHHS, @ TAKOX IIPOLIEC 3BOPOTHOTO BUABJIIOBAHHS. BCTaHOB/IEHO, 110: - HASIBHICTD
pazianbHOI Tedii py mWTaMIlyBaHHI BUPOOIB TUIY "BTYJIKA" IPU3BOAUTD [0 MiABUIIEHHS PiBHS HAKOIMYEHUX
njacTuYHUX nedopMaliil MmaTepiany; - Ipy IWTaMITyBaHH] 6iMeTaleBUX 3ar0TOBOK, 1110 MAIOTh BHYTPIIIHIO
KOHYCOIIOJiOHY IIOBEPXHIO, YHUKHYTH SIBUIA BUIaBJIIOBaHHS MEHII MIilJHOTO Iapy 3 Mif, 6i/1bI MilJHOTO MOXHA 32
PaxyHOK BilMiHHOCTi [TI04aTKOBUX [IOPUCTOCTEN IAPiB; - HAa 3aKJII0YHOMY €Talli pafliaJIbHOTO BUAABIIOBAHHS BTYJIKU
i3 BHyTpIiIIHIM (py1aHLIeM PO3MOi WiBHOCTI 32 06’ €eMOM BUPOOY BUPIBHIOETHCS, [IPY LIbOMY PO3IOAiN BETUYNHI
HaKOIWYeHOI [y1acTUYHOi Aedopmaliii icTOTHO HEpiBHOMIpHUIA; - IpY 3BOPOTHOMY BUIABJIIOBAHHI HasSBHICTb
HEJIOCKOHAJIMX KOHTAKTIiB y MaTepiajli IOPUCTUX 3aTOTOBOK [IPU3BOIUTD [0 MOSIBA 30H PO3YILiIbHEHHS
[IOPOLIKOBOTO MaTepiajy Ta 3MEHLIEHHS BeJIMYMHU HaKOIIMYEHO] NIJIaCTUYHOI AedopMallii B IUX 30HAX.
MopemoBaHHS IPOLECiB ofepsKaHHs (PiIbTPYIOUUX €JIEMEHTIB /1Sl TEXHOJIOTTYHOTrO 00J1afHAHHS CIIMPTOBOTO
BHMPOOHUILITBA TPOBEJEHO B YETBEPTOMY PO3Aiji. Po3ryisgHyTi mpouecy npecyBaHHs QibTPYIOUNX €J1€MEHTIB
UMIIiHAPUYHOI POpMHU Ta (iIbTPYIOUMX €JIEMEHTIB CKJIAAHOI (POpMHU y BUTJII KOJI6M. BCTaHOBJIEHO, IO: - PO3NOLT
BEJIMYMHU TIOPUCTOCTI NIPU PafliaIbHO-130CTaTUYHOMY IIPECYBaHHI MOPOIIKOBOTO QibTPYIOYOro €J1IeMEHTa
UUIiHAPUYHOI popMU HEPIBHOMIpHUIA, 3i 30iIbIIEHHIM pajliyca BeJIMYMHA IOPUCTOCTI 3pOCTAE; — IIPU
BUTOTOBJIEHHI 6araromapoBux QibTPYIOUUX €JIEMEHTIB [IOLiJIbHO 3aCTOCOBYBATU CXEMY YIIiJIbHEHHS HA OIIPaBKYy, a
He Ha MaTPULIIO; - BEJIMYMHA IOPUCTOCTI NP NPeCyBaHHi IOPOLIKOBUX (PiIbTPIB y BUTJISA KOJIOM pO3IIOAiieHa 3a
06'eMOM BUPOOY HEPiBHOMIPHO, il pO3II0Zis 3a/1€5KNTh Bil CXeMU YIIiIbHEHHS - 3aCTOCYBaHHS KOMOIHOBaHOI cxemu
I03BOJIsIE OTpUMATH OiyblI PiBHOMIPHMI po3nofin nopucTtocTi. [1'aTnit po3in npucesiueHui pesyibTaTaM
[IPaKTUYHOTO 3aCTOCYBaHHS JUCEPTaLifHOI poO6OTH. Pe3ybTaT KOMII'IOTEPHOTO MOZEJIOBAHHS | BCTAHOBJIEHI
3aKOHOMIpHOCTI e(pOpMyBaHHS IOPOLIKIB i MOPUCTUX MaTepiasiB 6y BUKOPUCTAHI IpU OJlep>KaHHi
GaraTouapoBux (PinbTPIiB Ta TOHKOCTIHHUX BTYJIOK. OCHOBHI pe3ysbTaTh pO60TU BIIPOBAI)KEHO Y BUPOOHHUIITBO Ha
Jlyubkomy MITJI OIT «YkpenupTt» (M. JIyLibK) 17151 OUMIIEHHS] TEXHIYHUX PilyH Bifl MexaHIYHUX 3a6pyQHEHD Ta HA
nignpuemctsi TOB “I'PAHTEX IH)KVHIPVHI™. KitouoBi ci0Ba: geTasi MallluH i anaparis, pecypco3bepiraioui
TEXHOJIOTii, MOPOIIKOBA METAJYpPrisl, IUCIIEPCHI CUCTEMHU, IIOPOMIKOBI MaTepiajiy, HOPUCTi 3arOTOBKH, [JIACTUYHICTD,

METOJ, CKIHU€eHUX eJIEMEHTIB, IIPeCyBaHHsI, IITAMITyBaHHS1, BUIAB/IIOBAHHS, (PIbTPYIOYi eJ1IeMEeHTH

2. The dissertation is devoted to the resource - saving technologies designing methods development of
manufacturing parts of food production equipment. The aim of the work is scientific substantiation of
manufacturing technologies for food productions equipment structural elements by the mathematical modeling
methods for dispersed materials deformation processes using. In the work first section the classification of
machines parts and devices of food production was carried out, the conditions and features of their exploitation
were established. The expediency of using resource-saving technologies, which include methods of powder
metallurgy, is justified. A number of typical details that it is expedient to receive by these methods are offered. The
analysis of methods of modeling of processes of deformation of powder and porous materials and existing software
systems is carried out. The main tasks of the research are defined. In the second section the formation processes
mathematical model of structurally inhomogeneous porous materials is developed. The scientific substantiation of



the powder materials plastic deformation model selection is carried out. On the basis of the powder and porous
materials plastic deformation generalized model and the finite elements method, the definition of technique for
rational constructive-technological parameters resource-saving manufacturing technologies of food production
equipment parts is developed. Comparison of the calculation results with the results obtained by other authors
confirmed the adequacy of the developed modeling methodology. In the third section researches of processes of
reception of details of a design purpose of machines and apparatus of food manufactures from porous sintered
preparations are carried out. The processes of obtaining cylindrical bushings by the method of stamping, stamping
of parts having an inner conical surface and the processes of obtaining bushings with an inner flange by the
method of radial extrusion are considered. It is established that: - the presence of radial material flow during
stamping of products “bushing” type leads to the increasing of the level of accumulated material plastic
deformations; - when stamping bimetallic blanks having an inner conical surface, the phenomenon of extrusion of
a less strong layer from under a stronger layer can be avoided due to the difference in the initial porosity of the
layers; - at the final stage of radial extrusion of the bushing with an internal flange distribution of density on
volume of a product is equalized, thus distribution of value of the saved plastic deformation is essentially uneven; -
during back-extrusion, the presence of imperfect contacts in the material of porous blanks leads to the
appearance of loosening zones of the powder material and a decrease in the value of accumulated plastic
deformation in these zones. The modeling of processes of obtaining filter elements for technological equipment of
alcohol production is carried out in the fourth section. The pressing processes of filter elements of cylindrical
shape and filter elements of complex shape in the form of a flask are considered. It is established that: - the
distribution of the porosity value during radial-isostatic pressing of the powder filter element of cylindrical shape
is uneven, with increasing radius the porosity value increases; - in the manufacture of multilayer filter elements, it
is advisable to apply the consolidation scheme on the mandrel, and not on the matrix; - the value of porosity at
pressing of powder filters in the form of a flask is distributed on volume of a product unevenly, its distribution
depends on the consolidation scheme, application of the combined scheme allows to receive more uniform
distribution of porosity. The fifth section is devoted to the results of practical application of the work. The results
of computer simulation were used to obtain multilayer filters and thin-walled bushings. The main results of the
work were implemented in the production at the Lutsk MPD of SE "Ukrspirt" (Lutsk) for cleaning technical fluids
from mechanical contamination and at the enterprise "GRANTECH ENGINEERING". Keywords: parts of machines
and apparatus, resource-saving technologies, powder metallurgy, dispersed systems, powder materials, porous
blanks, plasticity, finite element method, pressing, stamping, extrusion, filter elements
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