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1. Incepralisi pUCBAYEHA TEOPETUYHOMY OOI'PYHTYBAHHIO, IPOEKTYBAHHIO TA IPAaKTUYHOMY BIIPOBA)KEHHIO
HOBOT'O TEXHOJIOTIYHOTO MPOLIECY, OCHAIIEHHS Ta iHCTPYMEHTIB 1711 BUPILIEHHS] HAYKOBOTO 3aBJIaHHS, SIKE I1OJISITaE y
nigBuIeHHi e(peKTUBHOCTI BUTOTOBJIEHHSI TBUHTOBUX €JIEMEHTIB CiIbChKOTOCIIO/IaPChKOI TEXHIKHM, OCHAIIEHUX
JIonaTsIMU i HOKaMHU-TI0APiOHIOBaYaMy. BUKOHaHO aHasi3 i y3araJabHEHHS pe3yJIbTaTiB JOCHiIKeHb
(pOopMOYTBOPEHHS TBUHTOBUX €JIEMEHTIB CiJIbCbKOTOCMIOIAPChKOI TeXHIKU. PO3p061€HO TEXHOJIOTIYHUI MTPOLieC
BUTOTOBJIEHHSI HOXIB-TI0Pi6GHIOBAYiB HA HABUTHUX IIiJIbHUM I1aKETOM Ha pebpo CIipajisix FBUHTOBUX €JIEMEHTIB 3
BMKOHAHHSIM TaKuX ollepaliil: KajibpyBaHHS HaBUTOI LIiIJIbLHUM [1aKETOM Ha pebpo cripasi lHeKa Ha IeBHUI KPOK;
[IPOTOYYBAHHS 30BHILIHbOI KPAMKM CIIipasli IIHEKA; 3aTOYyBaHHS 30BHILIHbOI KPAMKU CIIipasli MHEeKa; pO3pisaHH
30BHIIIHBOI KPayKU CIlipasli IHeKa Ha MIeBHY IVIMOMHY 3 BiiTIOBIAHUM KPOKOM 3 METOI0 OTPMMAHHS 3arOTOBOK IIif

HOXi-TIO/IpiOHIOBAYi; 3arMHaHHS HOXIB-TI0Jpi6HIOBAYiB Ha CIIipasli IIHeKa Ha [IeBHUU KyT; rapTyBaHHS HOXiB-



[OJPiOHIOBAYIB Ta 30BHIIIHBOI YACTUHY BUTKIB IIHEKA i3 BU3HAYEHNX MaTepiajliB CTpyMaMHU BUCOKOI YaCTOTH 3
METOIO IiABUILIEHHS TBEPLOCTI Ta MIIJHOCT] pDKy4YMX YaCTUH LIHEKa; KajiOpyBaHHS CIIipaJi [IHeKa 3 BUTOTOBJIEHUMU
HOXXaMU-TIO[IPiOHIOBaYaMU Ha BCTAHOBJIEHUI KPOK. PO3p06JieHo BiNOBiIHI cCxeMU BKa3aHUX ornepariii
TEXHOJIOTIYHOrO IIpPoLeCy. BCTaHOBIEHO KOHCTPYKTABHO-TEXHOJIOTI4HI TapaMeTpH OIllepaliilil IPOTOYYBaHHS Ta
3aTOYyBaHHS 30BHIIIHBOI KPalKU CIipasli MHeKa, a TAKO>K BUTOTOBJIEHHS HOXiB-TI0[Ipi6HIOBaYiB Ha CHipasii mHeKa.
BuBenieHO 3a71€5KHOCTI MATTEBO] IO, CKJIAJJOBUX CUJIN Pi3aHHS CTPYKKU B MIPOLIEC] 3aTOCTPEHHS 30BHIIIHBO]
KpaiKu 'BUHTOBOTO €JIEMEHTA Pi3LeM 3 KPYIJIMMU PiKYYUMHU IJIACTUHAMU Bifi KOHCTPYKTUBHUX I1apaMeTpiB
iHCTpyMEHTa, MIMPUHY 3Pi3aHOI YACTMHU BUTKA TBUHTOBOI'O €JIEMEHTA, BiIXUJIEHD Bifl ilealbHOI TBUHTOBOI ITOBEPXHI
Ta 30BHIIIHBOTO pajiiyca BUTKIB. BCTaHOBJIEHO B3a€MO3B130K MixK KYTOM 3arOCTPEHHSI KPaliKu TBUHTOBOTO
€JIEMEHTA i3 KOHCTPYKTUBHUMU Ta TEXHOJIOTIYHUMU [IapaMeTpPaMU NIPOLIECY 3aTOCTPEHHS Pi3LieM i3 KPyTJIMMHU
pbKyurMMHU My1acTUHAMU. Po3po6sieHO IMHAMIYHY MOZE/Ib 3aTOYYBAHHS 30BHILIHbOI KPAallKi TBUHTOBOTO €JIEMEHTA
pisLieM i3 KpyriMmu pixXydyrMMu I1acTMHaMuy. Ha OCHOBI piBHAHHA JlarpaHika Opyroro poay BUBEIEHO CUCTEMY
IvdepeHLiaTbHUX PiBHSIHB, 110 JO3BOJISIIOTh IPOTHO3YBATU KOJIMBAHHS €JIEMEHTIB AUHAMIYHOI Moei. PO3B'130K
cuctemu nudepeHiabHUX PiBHSIHb 3 HYJIbOBUMMU [104aTKOBUMHU YMOBaMHU IIPOBELEHO YMCEIbHUM METOOM PyHre-
KyTTa i3 3acToCyBaHHSM NPUKIAIHOI IporpaMu. YUCIOBi AaHi CKIaIOBUX CUCTEMU AU EPEHLiabHUX PiBHSIHb
BM3HAYE€HO METOJaMU KOMITIOTEPHOTO MOJIEJIIOBaHHS Ta HA OCHOBI €KCIIepMMEHTAJIbHUX aHuX. Pe3ynbratu
IIpeJCcTaBieHo y BUIsigi rpadikis. [IpoBeneHo JOCTiIKeHHsI KOHCTPYKTUBHUX Ta CUJIOBUX [1apaMEeTPiB IIPOLIECY
(pOopMyBaHHS HOXIB-TIO/IPiOHIOBAYiB HA TBUHTOBOMY €JIEMEHTI POJIMKOM. BUBEZIEHO TEOPETUYHI 3aJI€XKHOCTI IJ1s1
PO3paxyHKy CUJIM I0Jladi posIvKa Py THYTTI HOXKIB-TIOZPiOHIOBaYiB HA TBUHTOBOMY €JIEMEHTI 3aJIeXXHO Bif,
KOHCTPYKTUBHUX Ta TEXHOJIOTIYHUX ITaPaMETPiB IIPOLECY, 110 AO03BOJII€ BUSHAYUTH MiHIMalIbHE 3HAYE€HHS
TEXHOJIOTIYHOIO KyTa THYTTsI HOXiB-NOAPiOHIOBAUiB POJIMKOM. I[IpescTaBieHo Nporpamy i METOAMKY IIPOBELEHHS
€KCIIepUMEHTAJIbHUX JOCIiTKeHb. PO3p06sieHO Ta BUTOTOBJIEHO 17151 BUKOHAHHS OIE€palliil TEXHOJIOTiYHOTO
IIPOLIECY BUTOTOBJIEHHS 'BUHTOBUX €JIEMEHTIB CIIeljiaJIbHe TEXHOJIOTIYHE OCHAIEHHS Ta iIHCTPYMEHTH, 30Kpema
CIlelliasbHy OIPaBKy /1J1s1 6a3yBaHHs Ta 3aKpillJIEeHHS 3arOTOBKY I'BUHTOBOIO €JIEMEHTA, Pi3eLib /1J1s1 3aTOYYBaHHS
30BHIIIHbOI Kpaiky TBUHTOBOTO €JIEMEHTA, POJIUK /1J1s1 3arMHAaHHS HOXXIB-TIO/IPiOHIOBAYiB Ha CIipajli TBUHTOBOTO
€JIEMEHTA, BUOPAHO YCTAaTKYBaHHSI /1JIs1 BUMIPIOBaHHS CUJIOBUX ITaPaMETPiB NPOLECIB i3 3aCTOCYBAaHHSIM YaCTOTHOTO
nepetsoploBayva Altivar 71, nporpamHoro 3a6e3nedeHHs PowerSuite, TeH30gaTyMKa. [IpecTaBieHo pe3yibTaTu
€KCIIEPUMEHTAJIbHUX NOCIIIKEHb Ta BCTAHOBJIEHO €MIIiPMYHI 3aKOHOMIPDHOCTI BIVIMBY KOHCTPYKTHUBHUX i
TEXHOJIOTYHYX [1apaMeTPiB Ha CUJIOBI IapaMeTpU IIPOLECIB 3aTOCTPEHHS 30BHIIIHBOI KPAKU TBUHTOBOTO
eJIeMeHTa CIeljaTbHUM Pi3leM Ta GOpMyBaHHS HOXKIB-TIO[piOHIOBaYiB HA TBUHTOBOMY €JIEMEHTI POJIMKOM.
Po3po6sieHO opuriHasbHi C110CO6M BUTOTOBJIEHHS TBUHTOBUX €JIEMEHTIB OCHAIeHUX HOXXaMU-TIO[IpiOGHIOBaYaMU,
sonatsiMu Ta U-NIofiGHUX TBUHTOBUX POOOYMX OpraHiB. [IpoBejeHO TEXHIKO-€KOHOMIUHE OOI'PYHTYBaHHS IIPOLIECIB
BUTOTOBJIEHHS] TBUHTOBYX €JIEMEHTIB CiJIbCbKOTOCIIOAAPCHKOI TEXHIKY 3 [IO4AJIBIINM BIIPOBAIKEHHSIM iX ¥
BUPOOHULTBO. EQeKTUBHICTb pO3p06sI€HNX KOHCTPYKIIiil cliipasieil IHEeKiB OCHallleHUX JIoNIaTeBUMHY, pidajlbHUMU
YU NO0/IPiGHIOBAIBHUMU €JIEMEHTAMU i CIIOCOOIB iXx BUTOTOBJIEHHS MiATBEPIKEHO NeB’sIThMa IaTeHTaMU YKpaiHu Ha
KOPUCHI Mogeri Ta aktaMu BripoBaapkeHHs y 111 «XnoniBeubke» (TepHominbebka 06:1., M. Konuuunui), TOB
"VHIBEPCT JITZ" 3 ekoHOMiYHMM edekToM y 70,3 THC. rpH. Ta yacTKkoBO Yy OI' «KPOK BITEPE]] 2019», ®T «JIAPU
JOJINH».

2. The dissertation is devoted to the theoretical substantiation, design, and practical implementation of a new
technological process, tooling, and instruments aimed at solving the scientific problem of increasing the efficiency
of manufacturing screw elements of agricultural machinery equipped with blades and shredding knives. An
analysis and generalization of research results concerning the forming processes of screw elements in agricultural
machinery were performed. A technological process was developed for producing shreding knives on tightly
wound edge-on spirals of screw elements, including the following operations: calibration of the tightly wound
spiral to a specified pitch; turning of the outer edge of the screw spiral; sharpening of the outer edge; cutting the
outer edge to a specified depth and pitch to obtain preforms for shredding knives; bending of the shredding knives
on the screw spiral to a defined angle; high-frequency induction hardening of shredder knives and the outer
portion of screw flight turns in order to increase the hardness and strength of the screw’s cutting; calibration of



the spiral with the formed knives to the prescribed pitch. Corresponding schemes for the specified technological
process operations were developed. The structural and technological parameters of the turning and sharpening
operations, knife-forming operations on the screw spiral were determined. Dependencies of the instantaneous
cutting area and chip formation force components during sharpening of the outer edge with a tool fitted with
round cutting inserts were derived as functions of the tool’s design parameters, the width of the removed chip
layer, deviations from the ideal helical surface, and the outer radius of the helix. The relationship between the
sharpening angle of the screw edge and the structural and technological parameters of the sharpening process
using a tool with round inserts was established. A dynamic model of the sharpening process of the screw element’s
outer edge by a tool with round cutting inserts was developed. Based on Lagrange’s second-order equations, a
system of differential equations was derived to predict oscillations of the model elements. The system was solved
numerically using the Runge-Kutta method implemented in an applied software program. The numerical
parameters of the system were determined using computer simulation and experimental data. The results were
presented graphically. Research on the structural and force parameters of the knife-forming process on a screw
element using a roller was conducted. Theoretical relationships were derived for calculating the roller feed force
during the bending of shredding knives on a screw element, depending on the process design and technological
parameters, which made it possible to determine the minimum technological bending angle of the knives. A
program and methodology for experimental studies were developed. Special technological fixtures and tools were
designed and fabricated for carrying out the operations of the proposed process for manufacturing screw
elements of agricultural machinery. These include a special mandrel for locating and securing the screw element
blank, a cutter for sharpening the outer edge of the screw element, a roller for bending the shredding knives on
the screw spiral, as well as equipment for measuring process forces using an Altivar 71 frequency converter,
PowerSuite software, and a strain gauge sensor. Experimental results were obtained and empirical dependencies
were established describing the influence of design and technological parameters on the force parameters during
the sharpening of the screw edge using a special cutter and the formation of shredding knives using a roller.
Original methods for manufacturing screw elements equipped with shredding knives, blades, and U-shaped screws
were developed. Technical and economic justification of the manufacturing processes for screw elements were
carried out, followed by their industrial implementation. The effectiveness of the developed designs of screw
spirals equipped with blade, cutting, and shredding elements, as well as the proposed manufacturing methods, was
confirmed by nine utility model patents of Ukraine and by implementation acts at PP “Khlopivetske” (Ternopil
region, Kopychyntsi) and LLC “UNIVERST LTD”, resulting in an economic effect of UAH 70.3 thousand, and partial
implementation at FG “KROK VPERED 2019” and FG “DARY DOLYNY".
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TOJIOBH pagu

BjiacHe I'Ipianme Im's [To-6aTBLKOBI PoratuHchbkuii PoMaH MuxanioBuy
TOJIOBYIOYOTO Ha 3acCimaHHi

BinmoBigabHUH 32 MiZITOTOBKY Maprunsk Ipuna OnexcaHapisHa
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop FOpuenko TersHa AHaTosiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




