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2. Scientific bases of electroerosion diamond grinding of hard-to-machine materials with variable polarity of
electrodes

Pedepar:

1. Incepranjiiine OOCIiIyKEHHS IPUCBSIYEHE PO3POOLi Ta TEOPETUYHOMY OOI PYHTYBAHHIO METOY
€JIEKTPOEPO3ifHOrO aJIMa3HOTO MTiyBaHHS 3i 3MiHHOIO MOJISIPHICTIO €JIEKTPOLIB AJ1s MiiBUIEHHS! €PEKTUBHOCTI
diHimHOI 06pO6KM Ba)KKOOOPOOJIIOBAaHUX MaTepiasiB. OCHOBHA IIPO6JIeMa M0JIra€e y TEXHIUHIN CyrepedyHOCTi MixX
HEOOXi/IHICTIO MilJHOTO YTPUMMAaHHS aJIMa3HUX 3€PEH y METAJIeBil 3B'311i Ta 3a0€31I€YEHHSIM CaMO3aTOYyBaHHS

iHCTpyMeHTYy. J0CIiIpKEHHS KIII0YOBUX ACNEKTIB aJIMa3HOTO LIi(PyBaHHS BUSIBUJIO HEMIOJIKY iCHYIOUMX METO/IIB,



30KpEMa aJIMa3HO-iCKPOBOTO ULIi(DyBaHHS, sIKe He 3a6e31e4ye CTaOiNIbHICTb PIKYYMX BJIACTUBOCTEN i MiABUILYE
[IMTOMY BUTpPaTy ayiMasiB Ha 50°-"70%. Po3po6sieHO KOMILJIEKCHY TeOPETUYHY 6a3y MPOLeCy eIeKTPOepOo3ifiHOro
aJIMa3HOTO ULIi(PyBaHHS 3i 3MiHHOIO IIOJISIPHICTIO €J1eKTPOJiB, 1110 NOE€IHYIOTh MIKpOPi3aHHS, €J1eKTPOePOo3iliHN
BIUJIMB Ta TEPMi4Hi IBUILA 11 3a0€3[€4€HHS CUHEPreTUYHOro edekTy. CTBOPEHO MaTeMaTU4Hy MOZEJb CUJI
pizanns (Pz i Py) 3 TouHicTIO po3paxyHKiB 75°-"85°% Ta Mozesb 3HOCY 3epeH 3 PO36iKHICTIO 7°~"15°%. Po3pobyieHo
TOIIOJIOTIYHY MOJieJIb IIOBEPXHI aJIMa3HOr0 Kpyra 3 IOMUJIKOIO MoJiestoBaHHs 1o 10°%, T-nioni6Hy cxeMy 3aMillleHHs
MIXKEJIEKTPOLHOTO 3a30PY 3 IOMUJIKOIO 10 4°% Ta IMHaMidyHYy MOJeJb [IPOLIECY 3 MOMUJIKOIO 110 14°%. Po3pobiieHo Ta
€KCIIEPMMEHTAJIBHO OOI'PYHTOBAHO METOJL €JIEKTPOEPO3iHOr0 aJIMa3Horo mridpyBaHHs 3i 3MiHHOIO MOJISIPHICTIO
€JIEKTPOJiB, SIKUU 3ab6e3Mevye MiATpUMaHHS PiXky4oi 30aTHOCTI aJIMa3HUX KPYTiB LUISIXOM IepiofnyHOi 3MiHU
TIOJISSPHOCTI B 30Hi pi3daHHs. CTBOPEHO Ta 3allaTEHTOBAHO BiNNOBiGHUI NpUCTPii. [IOpiBHSAIIBHUN aHAJi3 IOKA3aB
nepeBary 3MiHHOI MOJIIPHOCTI: HAaliBUILA IPOAYKTUBHICTb 00p0o6KU Q'="962"MM?® /XB, MiHIMaJIbHUI 3HOC Kpyra
q'=4,47"MMm?® /xB, BUCOKuil nepiof cririkocti T=360°xB, HU3bKi cumm pizaHHa (Py=125'H, Pz=350"H), menmmuii
koediuienT nidpysanHs Km=0,36 Ta HU3bKa MOPCTKiCcTh oBepxHi Ra 0,25 Mkm. I[Ipu 06pobLi BHUIKOPi3abHO]
crasni P6M5 Ta TBepporo craBy BK6 3anpononoBanuil METOZ MiABUILY€e NPOAYKTUBHICTD Ha 60°-"72°%, 3HNUXKYe
IMTOMY BUTPATy Kpyra Ha 65-85% Ta rokpaliye LOpCTKiCTb oBepxHi Ha 50°~"54% MOPiBHSIHO 3 a7IMa3HO-
ickpoBuM mtipyBaHHSAM. BCTaHOB/IEHO, 1[0 MiXKeJIEKTPOLHUI 3a30p IIPHU €JIeKTPOEPO3iHOMY aJIMa3HOMY
mtidpyBaHHi 31 3BMiHHOIO NOJISIPHICTIO Ha 74°% MEHIIMI, HDXK [IpY a7IMa3HO-iCKpOBOMY LTI yBaHHi, 1110 NifABUILYE
IIPOJYKTUBHICTb 06p0o6KU (Q°="527"-"758 MmMm® /XB). [loCIiIKEHO TEIIOBI IPOLeCH, BCTAHOBUBIIH, 1110 3MiHHA
TIOJISIPHICTb 3HUKYE TEIJIOHAIIPY>KEHICTh 32 PaXyHOK 3MEHIIEHHS CUJI Pi3aHHs Ta €(PEKTY IepepruBYaCcTOCTi
TEIJIOBUX iMITyJIbCiB. MaTeMaTuyHa MoAieslb TeMIIEpaTyPHUX T10JIiB IiATBepKeHa 3 po30ixHicTIo 12°-°17%. ITponec
3abe3neyvye BUILi CTUCKAOYi 3a/IMIIKOBI HanpykeHHs (0°="-3,8°TTIa) MopiBHAHO 3 aIMa3HO-iICKPOBUM LTI yBaHHIM
(o°="-1,2°TTla), migBUIIYyI0YM 3HOCOCTIMKICTb pi3ajIbHUX IJIACTUH HA 53°%. PO3p06IeHO ONTUMI3aLiIHUI aJITOPUTM
L7151 BUBHAUEHHS PE>XKNMiB 00pOOKY, 110 326€31e4yI0Th MiHiMabHy COOiBapTICTh IIpY AOTPUMAaHHI BUMOT JO SKOCTI.
BcTraHOBIIEHO, 10 [J151 MAKCUMAJIbHOI ITOTYKHOCTI Mi’KEJIEKTPOJHUI 3a30p Ma€ CTAaHOBUTH I0JIOBUHY PAaHUYHOTO
3HAUEHHS 32 YMOBH Y3roJI)Ke€HHs onopis. Ha npukinazi topuekpyraomsigysanbHoro sepcrara XI114-12H noseneHo
e(peKTUBHICTb METO/y 3 PiYHUM €KOHOMIYHUM epeKkToM 90519 rpH Ta TepMiHOM OKYIHOCTI 0,55 POKY 17151 OHOTO

BepCTaTa.

2. The process provides higher compressive residual stresses (0°="-3.8" GPa) compared to diamond spark grinding
(o°="-1.2° GPa), increasing the wear resistance of the cutting inserts by 53°%. An optimisation algorithm was
developed to determine the machining modes that ensure minimum cost while meeting quality requirements. It
was found that for maximum power, the inter-electrode gap should be half the limit value, provided that the
resistances are matched. On the example of the KhSh4-12N face grinding machine, the effectiveness of the method
with an annual economic effect of UAH 90519 and a payback period of 0.55 years for one machine is proved.This
dissertation study is devoted to the development and theoretical substantiation of the method of electrical
discharge diamond grinding with variable electrode polarity to improve the efficiency of finishing hard-to-
machine materials. The main problem lies in the technical contradiction between the need for a strong hold of
diamond grains in the metal bond and ensuring self-sharpening of the tool. The study of key aspects of diamond
grinding revealed the shortcomings of existing methods, in particular diamond spark grinding, which does not
ensure the stability of cutting properties and increases the specific consumption of diamonds by 50°-"70°%. A
comprehensive theoretical framework for the process of electro-erosion diamond grinding with variable electrode
polarity has been developed, combining microcutting, electro-erosion impact and thermal phenomena to ensure a
synergistic effect. A mathematical model of cutting forces (Pz and Py) with a calculation accuracy of 75°-"85°% and
a model of grain wear with a discrepancy of 7°-"15°% were created. A topological model of the diamond wheel
surface was developed with a modelling error of up to 10°%, a T-shaped scheme for replacing the interelectrode
gap with an error of up to 4°%, and a dynamic process model with an error of up to 14°%. A method of electrical
discharge diamond grinding with variable electrode polarity was developed and experimentally substantiated,
which ensures the maintenance of the cutting ability of diamond wheels by periodically changing the polarity in
the cutting zone. A corresponding device was created and patented. Comparative analysis showed the advantages



of reversible polarity: the highest machining performance Q°="962’mm?/min, minimum wear of the wheel
q’=4.47"'mm?®/min, high stability period T=360"min, low cutting forces (Py=125°N, Pz=350°N), lower grinding
coefficient Ksh=0.36 and low surface roughness Ra’0.25’'um. When machining high-speed steel R6M5 and hard
alloy VK6, the proposed method increases productivity by 60°-"72°%, reduces specific wheel consumption by
65°-"85%, and improves surface roughness by 50°-"54"% compared to diamond spark grinding. It was found that
the interelectrode gap during alternating polarity diamond EDM grinding is 74°% smaller than during diamond
spark grinding, which increases machining performance (Q’="527°-"758 mm?/min). The thermal processes were
studied and it was found that the reversed polarity reduces thermal stress by reducing cutting forces and the
effect of intermittent thermal pulses. The mathematical model of temperature fields was confirmed with a
discrepancy of 12°-"17%.

Jep>kaBHHHM peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHI HanIPsAM PO3BHTKY HayKH i TEXHIKH: QyHmaMeHTaIbHi HAYKOBI OCTI/PKEHHS 3 HANGibII
BRXJIMBUX IPOOJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOr0, CyCIiIbHO-MIOJIiTUYHOTO,
JIIOACBHKOTO MOTEHL{aNy 1151 3a6e3Me4eHHs] KOHKYPEHTOCIIPOMOKHOCTI YKpaiHu y CBITi Ta CTAJIOr0 PO3BUTKY

CyCIiJIbCTBA i Aep>KaBU
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VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. KanbueHko Bonogumup BitaniiioBrny

2. Volodymyr V. Kalchenko

KBasigikanis: 1.1.1., npopecop, 05.03.01

InenTudgikarop ORCHID ID: 0000-0002-9072-2976

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepCuTeT "UepHIriBchbKa noiiTexHika"
Kopg 3a €IPIIOY: 05460798

Micue3HaxoaKeHHS: ByJ. llleBueHka, 6yz. 95, UepHiri, YepHiriBcbkuii p-H., 14035, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. JlaBpiHeHKo Banepiii IBanoBUY

2. Valerij I. Lavrinenko

KBasigikanis: 1. 1. n., npodecop, 05.03.01
InenTudikarop ORCHID ID: 0000-0003-2098-7992
JoparkoBa iHpopmamist:

IloBHE HaliMEHYBaHHS IOPUAHYHOL 0COOH: HCTUTYT HAATBEpAUX MaTepiasis im. B. M. Bakysa

HaujonasnbHoi akagemii Hayk YKkpainu

Kopg 3a €IPIIOY: 05417377

Micue3HaxoaKeHHS: BYJI. ABTO3aBOJICbKa, 6y, 2, Kuis, 04074, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yllpaBJIiHHSIZ HaujonanbHa akageMid HayK YKpaiHu



InenTudikarop ROR:

CeKTop HayKH: AkafemiyHui1

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. HosikoB ®enip BacunbitoBuy

2. Fedor V. Novikov

KBasigikanis: 1. 1. u., npodecop, 05.03.01

InenTudikarop ORCHID ID: 0000-0001-6996-3356

JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: XapKiBCbKUii HAlliOHAbHUI EKOHOMIYHMI1 yHIBEPCUTET iMEHi

Cemena KysHneng

Kopg 3a €IPIIOY: 02071211

MicueBHaxo,ereHHﬂ: npocnekT Hayku, 6ya. 9-a, Xapki, XapkiBcbkuil p-H., 61166, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEpPCUTETCHKUI

PeuenseHTu

VIII. 3akiar04Hi BimoMocTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TrOJIOBH pagu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZNOBiZaJIbHUM 32 pe€eCTpallilo HayKOBOi

OisIIBHOCTI

CrenanoB Muxaino CepriioBuy

CrenanoB Muxainino CepriioBuy

Crpenbyyk Poman Muxannosuy

VKpIHTEI

FOpuenko TetsaHa AHaTosiiBHA



