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equipment

Pedepar:

1. Inceprarnist pUCBs4Y€Ha PO3POOIEHHIO METOMIB JOCIIKEHHS 3aKOHOMIPHOCTEH NpoLeciB (POPMOYTBOPEHHS
IeTtasneil 06JafHaHHS Xap4OBUX BUPOOHUITB 3 IOPOIIKOBYX Ta IOPUCTUX MarepiasiB. MeToo poboTu € HayKOBe
OOIPYHTYBaHHS pecypco36epiraloyux TeXHOJIOri#1 BUTOTOBJIEHHSI KOHCTPYKTUBHUX €JIeMEeHTIB 00J1ajHaHHSI
Xap4yOBUX BUPOOHUITB 3 BAKOPUCTAHHSIM METO/IiB MaTEMaTUYHOT'O MOJIEJII0BAHHSI IIPOLIECiB AepOopMyBaHHs
IMCIIepCHUX MaTtepiamiB. ¥V nepmomy po3zini pob6otu 6ysa nposeneHa kinacudikallis AeTanei MallvH i araparib
Xap4yOBUX BUPOOHUIITB, BCTAHOBJIEHI YMOBH Ta 0COOJIMBOCTI iX eKkcrutyaTanii. O6rpyHTOBaHa JIOLiNIbHICTD
3aCTOCYBaHHS pecypco30epiralounx TeXHOJIOTIH, 10 Yuca SKUX BiTHOCSITHCSI METOAM ITOPOIIKOBOI METaIyprii,
3aIPONIOHOBAHUM PsiJi TUIIOBUX JI€TaJIeH, O NOLiIbHO OTPUMYBATH IMMU MeTogamu. [IpoBeieHnIl aHasli3 METO/iB
MOJIeJIIOBaHHS NPOLieciB AedopMyBaHHS TOPOUIKOBUX i IOPUCTUX CEPELIOBUIL Ta iCHYIOUMX ITPOTPAMHUX CHCTEM,

110 [103BOJINJIO OOI'PYHTYBAaTH OCHOBHI HaIlpSIMU JIOCJIIKE€Hb. Y IPyromMy po3ziyi po3pobsieHa MaTeMaTUyHa MOJieJlb



npoueciB GOPMOYTBOPEHHS CTPYKTYPHO-HEOQHOPIIHUX TOPUCTUX MaTepiaiB. [IpoBeeHoO HayKoBe
OOIpyHTYBaHHS BUOOPY MOJIeJli IIJIaCTUYHOrO AedOopMyBaHHS IIOPOILIKOBUX MaTepiasiB. Ha 0CcHOBI y3arasbHeHO]
MoJeJii IJIaCTUYHOTO le(pOPMYBaHHS IOPOIIKOBUX i IOPUCTHX MaTepiajliB Ta METOAY CKiHU€HUX eJIEMEHTIB
PO3p06JIEHO METOAMKY BU3HAUYEHHS PALliOHAJIbHUX KOHCTPYKTUBHO-TEXHOJIOTIYHUX IapAMETPiB
pecypco36epiraiourx TeXHOJIOTil BUTOTOBJIEHHS ieTajlell 061aiHaHHS XapuyoOBUX BUPOOHULTB. [TopiBHSIHHS
pe3yJbTaTiB 00YKUCIIeHb 3 pe3ysbTaTaMy, OTPUMAHUMU {HITMMU aBTOPaMHU, MiATBEPAUIIO aleKBaTHICTh PO3PO6IEHO]
METOAVKY MOJEJIOBAHHS. Y TPETbOMY PO3iJi IPOBENEHI NOCIIIKEHHS [IPOLECIB Olep>)KaHHS JeTanen
KOHCTPYKLiMTHOTO TPU3HAYEHHS MAlINH i arlapartiB XapuOBUX BUPOOHUIITB 3 TOPUCTUX CIIEYEHUX 3aTOTOBOK.
PosryisHyTi mpouiecy OTpUMaHHS BTYJIOK IMJIiIHIPUYHOI GOPMU METOJOM LITAMITyBaHHS, IUTAMITyBaHHS JleTajel,
1110 MAIOTh BHYTPIIIHIO KOHYCOINO/i0HY IIOBEPXHIO Ta IIPOLIECH OTPUMAaHHSI BTYJIOK i3 BHYTpIlIHIM ¢JlaHLieM
METOJIOM PaliaJIbHOTO BUAABJIIOBAHHS, & TAKOX IIPOLIEC 3BOPOTHOTO BUIABJIIOBAHHS. BCTaHOB/IEHO, 110: - HASIBHICTb
pazianpHOi Teuii Ipy mTaMyBaHHI BUPOOiB TUILY "BTYJIKQ" MPU3BOAUTD 10 MiJBUILEHHS PiBHS HAKOIIMYEHUX
njacTuYHUX fnedpopMaliil MmaTepiany; - Ipy IWTAMIIyBaHH] 6iMeTaleBUX 3ar0TOBOK, 1110 MAIOTh BHYTPIIIHIO
KOHYCOIOJiO6HY IOBEPXHIO, YHUKHYTH SIBUILA BUJIABJIIOBAaHHS MEHII MIilJTHOTO apy 3 Mif, 61/ MilJHOTO MOXKHA 32
PaxXyHOK BiJMiHHOCTI [I0YaTKOBUX [IOPMUCTOCTEN MIAPiB; - HA 3aKJIIOYHOMY €Talli pafiiaIbHOrO BUIABJIIOBAHHS BTYJIKU
i3 BHyTpilIHIM ¢JlaHLIeM pO3TOLi iIbHOCTI 32 06'€MOM BUPOOY BUPIBHIOETHCS, IIPU LIbOMY PO3IIO/Ii BEJININMHI
HAKOIMWYEHOI [1JIaCTUYHOI Aedopmaliii icTOTHO HEPiIBHOMIpHUIA; - IPY 3BOPOTHOMY BU/IaBJIIOBAHHI HAasSBHICTb
HEJIOCKOHAJIMX KOHTAKTIiB y MaTepiajli IOPUCTUX 3aTOTOBOK [IPU3BOAUTD A0 MOSIBUA 30H PO3YILiIbHEHHS
IIOPOIIKOBOrO MaTepiasy Ta 3MEHUIEHHS BEJIMYMHU HAKOMMYEHOI NIJIACTUYHOI Aedopmallii B IUX 30HAX.
MopesoBaHHS IPOLECiB ofepKaHHs (PiIbTPYIOUUX €JIEMEHTIB /1J151 TEXHOJIOTTYHOTr0 00J1afHaHHS CIIUPTOBOTO
BHPOOHULITBA TPOBELEHO B YETBEPTOMY PO3Aiji. PO3rysgHyTi mpouecy npecyBaHHs QibTPYIOUNX €J1€MEHTIB
LUMJIHAPUYHOI POpMHU Ta (PiIbTPYIOUMX €JIEMEHTIB CKJIAAHOI (POPMHU y BUTJISI KOJIOM. BCTaHOBJIEHO, IO: - PO3NOILT
BEJINYMHY TIOPUCTOCTI IIPU pafiiabHO-i30CTaTUYHOMY IIPECyBaHHi TOPOMIKOBOTO (iIbTPYIOYOro ejeMeHTa
UMIIiHAPUYHOI POopMU HEPIBHOMIpHUIA, 3i 30i7IbII€HHSIM pajliyca BeJIMYMHA IOPUCTOCTI 3pOCTAE; - IIPU
BUTOTOBJIEHHI 6araromapoBux QibTPYIOUUX €JIEMEHTIB [IOLiJIBHO 3aCTOCOBYBATU CXEMY YIIiJIbHEHHS HA OIIPABKYy, a
He Ha MaTpPULIO; - BEJIMUMHA IOPUCTOCTI NIPY NPeCyBaHHI NOPOIKOBUX (PiIbTPIB y BUIJIS I KOJIOU PO3NOLiNeHa 3a
006'eMOM BUPOOY HEPIBHOMIPHO, ii pO3I10is 3a/1€5KUTh Bifl CXeMU YILiJIbHEHHS - 3aCTOCYBaHHS KOMOIiHOBaHOI cxemMu
I03BOJIsIE OTpUMATH Oi/bl PiBHOMIPHMI pO3NOLia nopucTocTi. [1'aTnil po3fin npucBsiyeHui pesyibTaTaM
[IPAaKTUYHOTO 3aCTOCYBAaHHS JUCEPTaLifHOI poO6OTH. Pe3ybTaTy KOMII'IOTEPHOTO MOZEIOBAHHS i BCTAHOBJIECHI
3aKOHOMIipHOCTI nedOpMyBaHHS IIOPOIIKIB i IOPUCTUX MaTepiasiiB 6yIu BUKOPUCTAHI [IpY Oflep>KaHHi
GaraTomapoBux (PinbTPIB Ta TOHKOCTIHHUX BTYJIOK. OCHOBHI pe3ysbTaTh pO60TU BIIPOBAI)KEHO Y BUPOOHMIITBO Ha
Jlyubkomy MITJI AT «YkpcnupTt» (M. JIyLibK) 17151 OUMIIEHHS] TEXHIYHUX PiflyH Bil MexaHIYHUX 3a6pyJHEHD Ta HA
nignpuemctsi TOB “I'PAHTEX IH)KWMHIPVHI™. KitouoBi ci0Ba: geTasi MalllvH i anaparis, pecypcosbepiraioui
TEXHOJIOTii, TOPOIIKOBA METAJypPrisl, IUCIIEPCHI CUCTEMHU, IIOPOLIKOBI MaTepiajiy, IOPUCTi 3arOTOBKH, IJIACTUYHICTD,

METO[, CKiHYeHUX eJIeMeHTiB, INNpECYBaHH, LITAMITYBAHHS, BUABJIIOBAHHA, Cl)iJIpryIO‘{i €JIEMEHTHU

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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