AHOTAIIS

Byrpos /I. 10. OO0rpyHTyBaHHs napaMeTpiB 00/1aJlHAHHA 3 AKTUBHUM
poboYnMM OpPraHoM Ajsi KOMOiHOBaHOI BiOpoaOpa3mBHOI 00pOOKM INOBEPXOHb
aeraJjiei ckiaaaHoi gopmmu. — Ha npaBax pykomnucy.

Hucepramisi Ha 3700yTTS HAyKOBOTO CTyIeHs JgokTtopa ¢imocodii 3a
cnemianpHicTIO 133 — Tamy3zeBe mammHOOymyBaHHs. HarloHanpHUM yHIBEPCHUTET
«ITonTaBchka nomitexHika imeHi FOpis Kongpartoka». [lonrasa, 2026.

JlucepTarllito NprUCBAYEHO BHUPIIICHHIO aKTyalbHIM HAyKOBO-TEXHIYHIN 3adaul
MIJBUIICHHS €HEeproeeKTUBHOCTI BiOpoabpa3uBHOI OOpOOKH, SKa € OJHHM 13
HalOUIbII €(PEeKTUBHUX METOIB (DIHIIIHOI OOpOOKH MOBEPXOHb AETAJNCH CKJIAJHOI
dbopmu, ajge Mae BUCOKY €HEPrOEMHICTh BHACIIOK 3HAYHUX HEMPOAYKTUBHUX BTpAT
eHeprii. [ po3B’si3aHHS 111€T 3a7a4l MPOBEJECHO TEOPETUYHI Ta €KCIEPUMEHTAIIbHI
JTOCIIKEHHSI KOMOIHOBAHOT'O Ccroco0y BiOpoOOpOOKH Ha CHEHIaIbHO pO3pOOJICHIN
JOCITITHIA yCTAHOBII 3 aKTUBHUM POOOYMM OpPraHOM, HOBH3HA AKOI MIATBEPKEHA
MaTeHTOM YKpaiHu Ha KOPUCHY MOJeib. BCTaHOBJIEHO 3aKOHOMIPHOCTI Ta CTYIiHb
BIUTMBY OCHOBHHUX TapaMeTpPiB yCTAHOBKH Ha MPOAYKTUBHICTH Tporiecy. Po3pobieHo
METOIMKY BU3HAUYCHHS €HEeProe()EKTUBHOCTI Ta BCTAHOBJIEHO 3aKOHOMIPHOCTI 1i 3M1HU
3aJIeHO BIJl MapaMeTpiB oOnamHaHHs. OTpuMaHl €KCHEpUMEHTANIbHI pPe3yJbTaTh
3aCBIYMIIM, 0 aKTUBHUM pOOOYMI OpraH CTBOPIOE JOJATKOBHM (haKTOp BILIUBY,
SKUW TP HE3HAYHOMY 30UIBIICHHI 3arajJibHUX EHEPreTHYHUX BUTPAT CYTTEBO
NIJBUILYE TMPOAYKTUBHICTE Ta €HEProeekTUBHICTh mporecy. OOIrpyHTOBaHO
BUKOPUCTAHHSA TIOKa3HMKAa EHEProeEeKTUBHOCTI SK KPUTEPII0 BU3HAYCHHS
pallioHaJIbHUX MapaMeTpiB 00JIaTHAHHS.

VY nepriomy po3iii NpOBEICHO aHalli3 HAYKOBUX JIOCTIKEHb BIOpoabpa3nBHOL
00OpoOKHM Ta BCTAHOBJICHO aKTyaJIbHI MUTAHHS, SIKI MOTPEOYIOTh BUPIMICHHS, 30KpeMa
3MEHIIIEHHS] EHEPTOEMHOCTI TIPOIIECY 33 PaXyHOK 3MEHIIICHHSI HEMPOAYKTUBHHUX BTPAT
IUIIXOM BH3HAYCHHS paIllOHAIBHUX MapaMeTpiB oOmanHanHsa. [IpoBeneHno anamis
ICHYIOUHX KOHCTPYKIIiH BIOpOOOIaiHaHHS Ta CIOCOO1IB MiBUILICHHS MTPOIYKTUBHOCTI

Ta SKOCTI MPOLECY Ta OOIPYHTOBAHMI KOMOIHOBaHMI cnoci® 0OpOOKH MOBEPXOHb
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netane ckiagHux ¢Gopm, SIKUKA 3a0e3MeuyeTbcsi aKTUBHUM POOOYMM OpPraHOM —
B1OpYI0UO0I0 00E€PTOBOIO KaMepOIo.

Y  apyromy po3niii  OOTpyHTOBaHA  KOHCTPYKTMBHA  CXeéMa  HOBOI
BIOpOYCTAHOBKHM 3 aKTUBHHUM pPOOOYMM OpPraHOM Ta BHUKOHAHO ii MaTEeMaTH4HE
MOJICJIIOBaHHSI 3 METOI0 BCTAHOBJIEHO 3aKOHOMIPHOCTI pyXy o00epToBoi po0Oouoi
KaMepu BiJT OCHOBHHUX TMapaMeTpiB oOJagHaHHSA. Y pe3yibTaTi MOJEIIOBAHHS
KOHTaKTHOI B3a€MOJIii aOpa3MBHUX TUT 3 MOBEPXHEIO JeTalied BCTAHOBIICHO BILIUB
aMIUTITYIY 1 94aCTOTH BiOPOKOJIMBAaHb, MIBUAKOCTI 00epTaHHS poO0Y0i Kamepu Ta Macu
KOMITOHEHTIB POOOYOro CepeoBMINA Ha BEIMYMHM HOPMAJIBHOI 1 TaHTEHIIAJIbHOI
KOHTaKTHHX CWJI Ta KyT yAapHOi B3aemoli. Po3poOneno kiacudikarop aeraneit mis
pallioHaJIbHOI OpraHizamii mnpolecy Ta y3arajdbHEHHS 0a30BUX 3aKOHOMIPHOCTEH
KOMO1HOBaHO1 BiOpooOpoOku. OOIpyHTOBAHO, IO pallioHATIbHI MapaMeTpu MOBUHHI
3a0e3neuyBaTd I1HTEHCU(IKAI[II0O pyXy KOMIIOHEHTIB 1 30UIbIIEHHS KUIBKOCTI
KOHTAaKTHHX yJlapiB 3 €HEPri€lo, JIOCTaTHbOIO [IJIi 3HIMAaHHS Marepiainy, 3a
MIHIMQJIbHUX €HEPTOBUTPAT.

VY TpeTboMy po3/ilii OOIPYHTOBAHO METOIUKY MPOBEACHHS €KCIIEPUMEHTATBHUX
JOCTI’KEHb 3 METOI0 BCTAHOBJICHHSI 3aKOHOMIPHOCTEH BIUIMBY HapaMeTpiB TOCII1THOT
BIOPOYCTaHOBKM Ha MPOAYKTHBHICTh Ta €HEProe(EeKTUBHICTH MpoOIeCcy. AHaIi30M
OTPUMAaHUX JJAHUX €KCIIEPUMEHTY IIPU Bapi1IOBaHHI aMIUTITY U BIOPOKOJIMBHB, YACTOTU
o0epTaHHs poO040i Kamepu, Macu poO0YOro cepeloBUIIa BCTAHOBIIEHO, 1110 aKTUBHUN
pobouunii opraH 3yMOBIIIO€ IHTEHCHU(iKaIlil0 Tpoiiecy BiOpoadpazuBHOI 0OpoOKHU 3
MIJBUIICHHSAM HOro eHeproedeKTUBHOCTI. BCTaHOBIEGHO, IO 3aJICKHICTH IMTUTOMOT
IIBUIKOCTI 3HIMAHHS MaTepiaiy BiJ MmapamMeTpiB MPOIECy Ma€ HEIIHIWHUN XapaKTep
Ta EKCTpeMyM, NpH SKOMYy ii 3HaueHHd y 2,75 pa3a MepeBUIlyE MiHIMaJIbHE.
JlochmipkeHO  3aKOHOMIPHOCTI  €HEPrOCHOXKMBAaHHS  YCTAaHOBKH, IMPH  LbOMY
BCTAHOBJICHO, 1110 88 % CIOXKBaHOI eHeprii mpumnajaae Ha BiopornpuBo. [lo6ynoBana
3aJIEKHICTh €HEProeeKTUBHOCTI JEMOHCTPYE ii 3pOCTaHHSA J0 MaKCHUMaJbHOIO
3HAUeHHA, MO y 1,6 pa3a mepeBHIye MiHIMAJIbHE, MICISI YOTO CIOCTEPIra€ThCs
3HIDKEHHS TIOKa3HHWKAa BHACTINOK pPI3KOTO 3pOCTAaHHS [UCUNATHBHUX BTpaT Ta

3MEHIIIEHHS CHJI KOHTaKTHOI B3a€MO/I1i KOMIIOHEHTIB pOOOYOro CepeIOBHIIIA.
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VY uyerBepTOMY pO3/1J1I HABEACHO pE3yJbTaTH BUPOOHUUYUX BHUIPOOYBaHb
JOCTiAHOT BIOPOYCTAaHOBKM MpH 0oOpoOIi jomaTi poOoYoro Kojieca Hacoca Ha
nignpuemctBi TOB  «YKPHACOCIIPOM». 3a pe3ynsTaTaMu BUIIPOOYBaHb
BCTAHOBJICHO 3HM)XEHHS TPUBAJIOCTI 00poOku Ha 10 % Ta BUTpaT €leKTPOCHEPTii Ha
15 % mnopiBHsHO 3 Jit0oyuM OOJaJHAHHAM, WIO0 MIATBEPIXKYE €(PEKTUBHICTH
3alpPOIOHOBAHOTO TEXHIYHOTO PIIICHHS.

HaykoBa HOBHM3Ha OTPUMAaHHUX PE3YJIbTATIB MOJISATAE B HACTYITHOMY:

Bnepuwe:

— OOIPYHTOBAaHO BHUKOPHUCTAHHS KOMOIHOBAaHOTro crocoOy BiOpoabpa3uBHOI
00pOoOKM MOBEPXOHB JeTallel CKIaTHUX (HOPM JIJIs TIIBUIIEHHS €HeproeeKTUBHOCTI
TEXHOJIOTIYHOTO MPOIIECY;

— BCTAQHOBJICHO 3aKOHOMIPHOCTI BIUIMBY aMIUTITYAH BIOpOKOJMBAaHb, YaCTOTH
o0epTaHHs AaKTUBHOTO pPOOOYOro OpraHy, Mach KOMIIOHEHTIB CepeloBUIla Ha
MPOYKTUBHICTH KOMOIHOBaHOI BIOPOOOPOOKH;

—  3alpoONOHOBAHO  BHU3HAYEHHS  EHEProe(EeKTUBHOCTI  KOMOIHOBAaHOTO
B10p000JIaIHAHHS KUIBKICHUM MTOKa3HUKOM Ta HaBEJIEHa METOIMKA MOr0 BU3HAUCHHS,
0 BPaxoOBY€ MPOAYKTUBHICT, Ta €HEProBUTpaTH. BCTaHOBIEHI 3aKOHOMIPHOCTI
eHeproe()eKTUBHOCTI Bl aMIUITYId BIOPOKOJMBAaHb Ta 4YacTOTH OOEpTaHH:
aKTUBHOT'O pOOOYOTO OpraHy;

— OOTPYHTOBAHO 3aCTOCYBaHHS MOKAa3HUKA €HEProeEeKTUBHOCTI SIK KPUTEPIIO
BU3HAYECHHS  palllOHAJbHUX  MapaMeTpiB  oOJiagHaHHA isi  KOMOIHOBAHOIi
B10poabpa3uBHOi 0OPOOKH.

Boockonaneno:

— METOJIUKY MOJICJIFOBaHHS KOHTAKTHOI B3aeMOJli aOpa3WBHUX T Ta
o0poOyoBaHNX JeTalied B yMoBax cyMmicHoOi nii BiOpamidHOro BIUIMBY Ta
o0epTaIbHOTO PYXIiB I11J1 Yac KOMOIHOBAHO1 BIOPOOOPOOKH.

IIpakTHYHe 3HAYEHHSI OJIEPKAHUX Pe3yJabTATIiB TOJIATAE Y-

— CTBOPEHHI HOBOTO TEXHIYHOTO PINIEHHS YCTAHOBKH 3 aKTUBHUM pPOOOYUM

OpraHoM i peaiizanii KoMOIHOBaHOTO crocoOy BiOpaliiitHOi 0OpOOKH MOBEPXOHb
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neranerd ckiaamHoi (popmu. TexHIYHA HOBH3HA 3alpPONOHOBAHOI KOHCTPYKIIIT
YCTaHOBKH MIITBEPPKEHA MATEHTOM Y KpaiHU Ha KOPUCHY MOJIEIb;

— BHUIOTOBJICHHI YCTAHOBKM JUIS TPOBEACHHA HAyKOBUX JOCIIIKECHb
oOJlafHaHHS Ta TPOoILeCciB BiOpoadpa3uBHOI OOPOOKU MOBEPXOHB JeTajeh CKIIaIHOI
dopMu y HaBuanbHIi JabopaTopii Kadeapu raixy3eBOro MamIuHOOyIyBaHHS Ta
mexatponiku HamionansHoro yHiBepcutery «llontaBchka momitexnika imeni HOpis
Kongpatiokay;

— OoJepXald TOJAIbIIUN PO3BUTOK HAYKOBO-TEXHIYHI TMOJIOKEHHA 3
KOHCTpPYIOBaHHsI BiOp0oaOpa3WBHUX MaIIMH KOMOIHOBAHOI Mii, IO MOXYTh OYTH
BUKOPHUCTaHI MPHU MPOEKTYBAHHI HOBOTO Ta MOJIEPHI3alliil iICHYIOUOTr0 00JIaJTHAHHS.

KuarwuoBi cioBa: BiOpoaOpasuBHa 00poOka, BiOpalliiiHa MallliHA, POTOpHA
KaMmepa, akTUBHUI poOounit opra, BIOpo30yKyBay, aMILTITyia KOJMBaHb, 1e0aiaHc,
MaTeMaThyHa MOJI€lb, EKCIEpPHUMEHTAIbHa YCTAaHOBKA, ONTHUMI3allisl MapaMmeTpiB,

€HEProePEeKTUBHICTD.

ABSTRACT

Buhrov D. Yu. Substantiation of parameters of equipment with an active
processing element for combined vibratory finishing of complex-shaped parts. —
Qualifying scientific work on the rights of manuscripts.

Dissertation for the degree of Doctor of Philosophy in the specialty 133 — Branch
Mechanical Engineering. National University "Yuri Kondratyuk Poltava Polytechnic".
Poltava, 2026.

The dissertation is devoted to solving the relevant scientific and technical
problem of improving the energy efficiency of vibratory abrasive finishing, which is
one of the most effective methods for finishing surfaces of complex-shaped parts but
is characterized by high energy consumption due to significant non-productive energy
losses. To solve this problem, theoretical and experimental studies of a combined
vibratory finishing process were carried out using a specially developed experimental
installation with an active working body, the novelty of which is confirmed by a

Ukrainian utility model patent. The regularities and degree of influence of the
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installation parameters on process productivity were determined. A methodology for
evaluating energy efficiency was developed, and the regularities of its variation
depending on equipment parameters were established. The obtained experimental
results demonstrated that the active working body creates an additional influencing
factor which, with a slight increase in total energy consumption, significantly improves
the productivity and energy efficiency of the process. The use of the energy efficiency
index as a criterion for determining rational equipment parameters was substantiated.

The first chapter presents an analysis of scientific research on vibratory abrasive
finishing and identifies the relevant issues requiring further investigation, in particular
the reduction of process energy consumption through minimizing non-productive
energy losses by determining rational equipment parameters. An analysis of existing
vibratory equipment designs and methods for improving process productivity and
quality was carried out, and a combined method for finishing surfaces of complex-
shaped parts was substantiated. This method is implemented by means of an active
working body — a vibrating rotating chamber.

The second chapter substantiates the structural design of a new vibratory
machine with an active working body and presents its mathematical modeling aimed
at establishing the motion regularities of the rotating working chamber depending on
the main equipment parameters. As a result of modeling the contact interaction
between abrasive media and the part surfaces, the influence of vibration amplitude and
frequency, rotational speed of the working chamber, and mass of the working media
components on the values of normal and tangential contact forces, as well as the impact
interaction angle, was determined. A classification system for parts was developed for
the rational organization of the process and generalization of the fundamental
regularities of the combined vibratory finishing process. It was substantiated that
rational parameters should ensure intensification of component motion and an increase
in the number of contact impacts with sufficient energy for material removal while
maintaining minimal energy consumption.

The third chapter substantiates the methodology for conducting experimental

studies aimed at determining the regularities of the influence of the experimental
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vibratory machine parameters on process productivity and energy efficiency. Analysis
of the obtained results under variation of the installation parameters showed that the
use of a rotating working chamber significantly increases the productivity and energy
efficiency of the process. It was established that the dependence of the specific material
removal rate on the process parameters is nonlinear and exhibits an extremum at which
its value exceeds the minimum by 2,75 times. The regularities of the installation energy
consumption were investigated, and it was determined that 88% of the consumed
energy is associated with the vibration drive. The obtained energy efficiency
relationship demonstrates its increase up to a maximum value exceeding the minimum
by 1,6 times, followed by a decrease in the indicator due to a sharp increase in
dissipative losses and a reduction in the contact interaction forces between the
components of the working media.

The fourth chapter describes industrial trials of the experimental vibratory
installation for processing a pump impeller blade at UKRNASOSPROM LLC. The
results demonstrate a reduction in processing time by 10% and electrical energy
consumption by 15% compared to the existing equipment. Recommendations for
determining the main design and technological parameters of the combined vibratory
installation for industrial application have been developed.

The scientific novelty of the obtained results is as follows:

For the first time:

— an increase in the energy efficiency of abrasive finishing of complex-shaped
part surfaces has been proposed through the application of a combined vibratory
finishing method with substantiation of the rational parameters of equipment
incorporating an active working body;;

— the regularities of the influence of vibration amplitude, rotational speed of the
working chamber, and mass of the working media components on the productivity of
the combined vibratory finishing process were established;

— a quantitative indicator for evaluating the energy efficiency of combined
vibratory equipment was proposed, and a methodology for its determination, taking

into account process productivity and energy consumption, was developed. The
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regularities of the dependence of energy efficiency on vibration amplitude and
rotational speed of the working chamber were established,;

—the application of the energy efficiency indicator as a criterion for determining
the rational parameters of equipment for combined vibratory abrasive finishing was
substantiated.

Improved:

— a methodology for modeling the contact interaction between abrasive media
and machined parts under the combined action of vibrational excitation and rotational
motion during combined vibratory finishing.

The practical significance of the obtained results lies in:

— the development of a new technical solution for a machine with an active
working body intended for implementing a combined method of vibratory finishing of
complex-shaped part surfaces. The technical novelty of the proposed machine design
Is confirmed by a Ukrainian utility model patent;;

— the manufacture of an experimental installation for scientific research on
equipment and processes of vibratory abrasive finishing of complex-shaped part
surfaces in the educational laboratory of the Department of Industrial Engineering and
Mechatronics at Yuri Kondratyuk Poltava Polytechnic National University;

— further development of scientific and technical principles for the design of
combined-action vibratory abrasive machines, which may be applied in the
development of new equipment and modernization of existing machines.

Keywords:vibro-abrasive machining, vibration machine, rotary chamber, active
working element, vibration exciter, vibration amplitude, unbalance, mathematical

model, experimental setup, parameter optimization, energy efficiency.
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