AHOTAIIIA

Bonowxkina I.B. YI0CKOHATIEHHsI  mpouecy  aJMa3HOro uuiidyBanHHst
HAATBEPAUX MATEPIATIB 32 PAXYHOK YIPABJIIHHA KOHTAKTHUMY HANPYKEHHAMH. —
Kpanigikauiiina HaykoBa npausi Ha IPaBax pyKoImcy.

Jlucepratiist Ha 3700yTTS] HAYKOBOTO CTYIICHS JOKTOpa (pistocodii 3a creliabHICTIO
131 «IIpuxmagaa mexanika» (13 — MexaniuHa imkeHepis). - HarmoHampHIN TeXHIYHUIA
YHIBEpPCHUTET «XapKIBCbKUI MONITEXHIYHUN 1HCTUTYT» MIHICTEpCTBA OCBITH 1 HayKd
VYkpainu, Xapkis, 2023.

VY muceprailii BUKIQJCHO CYYacHI MIAXOAW JO PO3MIUPEHHS TEXHOJIOTTYHUX
MOKJTMBOCTEH TPOIIECY alMa3HOro IniidyBaHHS HaATBepaux MarepiaiiB. st mporo
Oyia BuKopucTaHa merofosorisi 3D MozemoBaHHs HaNpyKeHO-1e(OPMOBAHOTO CTaHy
CHCTEMH «CUHTETUYHUI MOJIKPUCTAN alMa3y-ajIMazHe 3epHO-MeTaio(aza-3B's13Ka Kpyra»
3aBJSIKM YoMy OyJ0 BHUKOHAHO YTOYHEHHS MEXaHI3My CaMO3aroCTPEHHsI alMa3HHX
kpyriB. Ha 6a31 1poro Oyno 3ampornoHOBaHO PsJl OPUTTHATIBHUX TEXHIYHUX PIIIEHb I10
YIOCKOHAJICHHIO ICHYFOUMX METO/IIB 1LUTI(hYBaHHS HAITBEPMX MATEpialiB B OCHOBY SIKMX
Oylda TOKJIaJieHa MPUMYCOBa aKTUBALl CAMO3ArOCTPEHHS aJIMa30HOCHOIO Iapy
HUTI(pyBaTbHUX KPYTIB HA OPraHIYHMX 1 METAJIEBUX 3B SI3KAX.

06'exkmom docniodncerHs € Tipoliec NUTihyBaHHS HAJTBEPIMX MaTepialiB.

IIpeomemom OocnioxcenHsr € YIPaBIIHHS KOHTAKTHUMHU HAMpY>KEHHSIMUA B 30HI
nuTyBaHHs.

Memoro Oocniddicennss €  yIOCKOHAJICHHSI TPOIIECY ajMa3zHOro HUTI(hyBaHHS
HaJTBEpAMX MaTEPIANB 33 PAXYHOK YIPABIIIHHSA KOHTAKTHUMH HAIPYKEHHSIMHU.

VYkpaiHa 3HaXOAUTHCA cepe]] KpaiH Kl B JaHUH Yac IIMPOKO 3aCTOCOBYIOTh BUPOOH
3 HaaTBepaux MarepiamiB. CBITOBa MpPaKTHUKa CBIYUTH TPO TE, MO TEPENK Taly3ei
HApPOJHOTO TOCMONApPCTBa, JI€ BOHM I HE 3HAWIUIM 3aCTOCYBAaHHS, HEYXUIIBHO
ckopouyeThest. OCOONMMBO 1€ CTOCYEThCS CHHTETUYHHMX alMasiB. 1X yHikambHi (isuko-
MEXaHI4YHI BIIACTUBOCTI BU3HAYAIOTH MOTEHITIMHI MOYJIMBOCTI 3aCTOCYBaHHS CHHTETUYHHUX
aMasiB y psijil TAKUX ray3eil HayKH, TEXHIKA Ta BAPOOHUIITBA, PO3BUTOK SIKUX BU3HAYAE

nepedir TEXHIYHOTO TMporpecy 3araioM. [Ipu BUTOTOBIICHHI BUPOOIB 3 CHHTETHYHUX
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aiMa3iB CaMOK0 TPYJOMICTKOK TEXHOJIOTIYHOIO oOrepaiiero € (HOpMOYTBOPEHHS iX
pobouoi, ammvaznoi, dactiHH. Jlo Temep camuM ehEKTMBHAM METOIOM OOpOOKH
HAJITBEPIMX MaTepialiB € aiMasHe nundyBaHHA. AJle K CHHTETUYHHM ajiMa3, TOOTO
00pOoOTIOBATIEHUIM MaTepiaj, Tak 1 aMa3Hi 3¢pHa Kpyra € piBHO TBEPIUMH MaTepiajiaMH,
I0 CTBOPIOE VHIKAJbHMK B Teopii OOpoOKM BHIQOK. B Takux ymoBax BiICYTHE
BIPOBA/KEHHA 3€peH Kpyra B CHUHTCTUYHMHA anmMa3. A 3HATTS TPUITYCKY 3
OOpOOMIOBATIbHOrO ~ Marepialy MOXIIMBE JIMIIE 33 pPaxyHOK  HOro KpPHXKOTO
MIKpOPYHHYBaHHS. A JUISl IILOTO MOTPIOHO 11100 Ha MOBEPXHI aJIMa3HUX 3€PEH MOCTIHHO
ICHyBaJIM TOCTpI MIKpO- 1 cyOMmikpokpoMku. Ile motpeOye peamzailii Takux YMOB
00poOKwH, siKi 3a0e3neuyBaii O MOTPIOHMIT MEXaHI3M CaMO3aroCTPEHHS aJIMa3HUX 3€PEH.
A st 11bOTO Tpeba JIOCTIIUTH KOHTAKTHI HAIPY>KEHHS B 30H1 0OPOOKH 1 3HAWTH METOIU
yIIpaBiIiHHA HUMU. B 1aHnx ymoBax mayke eheKTUBHHAM 3aCO00M JUIS iX JOCHTIKEHHS €
mertoosiorist 3D MojentoBaHHS cUCTeMH LTI(PyBaHHS.

[NpaxTrka nuridyBaHHS HAITBEPIMX MaTepialiB TMOKasaia, 0 MPU BUKOPHCTAHHI SIK
TPaJULIAHMX, TaK 1 HOBUX MIAXOAIB J0 LOTO IMPOLECY Ha TENEPIIIHIA Yac He BIAJIOCH
BUPIIIUTU TIPOTUPIYYST K€ ICHYE MDK YMOBaMH OTPUMAHHS MOTPIOHMX 3HAYEHb
OCHOBHMX BHUXIJTHUX ITOKa3HUKIB 00poOKH. ToMy aKTyaJTbHUM € TIPOBEACHHSI JJOCITIIKCHb,
CIIPSIMOBAaHKX Ha YIOCKOHAJICHHSI ICHYIOUHX CIIOCO0IB OOPOOKM HAJITBEPAMX MaTepiaiiB.
B 1niboMy niepenoavaeThes iX 3HAYHUM pe3epB.

OCKUIbKM CUHTETUYHI MOJIKPUCTATIN alMa3y, SIK PI3HOBUJI CHHTETUYHOIO ajiMa3y,
HaWOLIBII PO3MOBCIOKEH], 1 MAIOTh 3HAYHY OLTBIITY MIKPOTBEPIICTh HIXK THILI HE ajMa3Hi
HaJTBEpIl MaTepiaiy, TO B JOCIIHKEHHSIX BUKOPUCTOBYBAIUCS B OCHOBHOMY CaMe BOHHU.
[le moB’s3aHe 3 TWM, 110 BUPIIIEHHS MpoOieMU iX OOpOOKM aBTOMATHUYHO BUIIIYE 1
npo0OJieMy 0OPOOKH THITIMX ,MEHIITI TBEPMX, HAITBEPIMX MaTePialiB.

[Tpu BupimieHHI 3aBOaHb AWCEPTAIMHOIO JOCIIHKEHHS 3aCTOCOBaHI CydacH1
MOJIOXKEHHST Teopii OOpOOKM MarepiasliB pi3aHHAM, TEOPii EIEKTPOXIMIYHOI OOpOOKH,
KJTAaCHYHOI MEXaHIKH, €JIEMEHTIB TEOopii MaTeMaTHYHOI OOpOOKH EKCTIePUMEHTATLHUX
nmanux. Js mociipKeHHs HanpysKeHO-1e(opMOBaHOIO CTaHy CUCTEMH IUTI(pYBaHHS
«CUHTETUYHHUH TIOJTIKPUCTAIT aliMa3y-ajIMa3He 3epHO-MeTaodasa-

3B'SI3Ka KPyTra» CTOCOBHO TIPOIECIB NUTI(DYBAHHS CHUHTETUYHOTO TOJIKPUCTATY aiMasy



aJIMa3HAMU KpyramMy Ha OpPraHIdHUX 1 METAJIeBHUX 3B’ s3KaX BUKOPHCTOBYBAJIACS
koHrerIist 3D MozemoBaHH s, 3aCHOBaHA HAa METO/II CKIHUEHMX eJleMeHTIB. [Ipu
BHUKOPHCTaHH1 MIKPOCKOMIYHUX JTOCTI/DKEHB JJIs 3a0€3MeUeHHs Bi3yaiizallii 00 €KTIB 1110
posrsiiamcs, BUKOpUcToBYBaM IMdpoBy kKamepy ToupCam UCMOS01300KPA.
ExcniepumeHTasnbH1 TOCIIHKEHHS TIPOBOIMIIHCS 3 BUKOPHCTAHHSM 3aTrJIbHONPHUIAHSTHX 1
3aIPOITIOHOBAHMX OPHUTHAIBHUX METOJMK Ha CHEIlaTbHOMY CTEH/ Il Ha 0a3l yHIBEpCAIHHO
3aTOYYyBAILHOTO BepcTarta SKUM INCIA MOJEpHI3aIli MIT TEpEeTBOPIOBATHCS Y
TUTOCKOIUTI(pyBaTEHIN BEPCTAT 3 BEPTUKATLHAM IIITAHIIENEM. Y POOOTI 3aCTOCOBYBATUCS
TIOJIOKEHHST TEOPETUYHOI Ta MPUKIIATHOI CTATUCTHKH, a TAKOXK TPOTpaMHe 3a0e3MeUeHHSI
SolidWorks, KOMIIAC, CorelDRAW, Visio, Maple, ToupView, Statistica, Microsoft
Office Ta ¥ioro nomatok Microsoft Office Excel.

VY Bcrymi 0OIpYHTOBAaHO aKTYalIbHICTh 3aj1a4 JOCIIDKCHHs, HaBe/leHa HayKoBa
HOBH3HA Ta C(POPMYIIHOBAHE MPAKTUYHE 3HAYECHHS OTPUMAHUX Pe3ysIbTaTiB.

VY nepioMy po3/in AMcepTariiifHoi poOOTH MPOBEACHO aHaIi3 CyYaCHUX CBITOBHUX
TEHZEHIIIM, SIKI HAMITWIMCS B OCTaHHI POKHA B 00JIacTI BUPOOHMIITBA, 3aCTOCYBAHHS 1
METO/[IB OOpOOKH CHHTETMYHOIO TONIKpUCTATy anMmazy. Ha ocHOBI aHaimizy mxepen
1H(opMallii BUSBICHI THUTAHHS, SKI 3aJMIIAIOTHCS HEBUPIIICHUMH Y I MPEIMETHIM
obmacti. Ha mincraBi mpoBeneHoro aHam3y Oyjia BUCYHyTa poOoya TinoTesa, CyTh SKOi
TOJIATAE Y MOMKIIMBOCTI TMIIBUINIEHHST €PEKTHBHOCTI TMPOIECIB 0OPOOKH CHHTETUYHOTO
MOJTIKPUCTATY aJIMa3y HUISIXOM YAOCKOHAJICHHS CIIOCO0IB alTMAa3HOTO 1LTI(DyBaHHSI.
OO'emHyroda i7est TPEACTaBICHOI POOOTH TONATAE Y KOMILIEKCHOMY TEOPETUKO -
eKCTICPIMEHTATbHOMY  JIOCT/DKeHHI  (DI3MYHMX Ta TEXHOJIOTTYHUX —OCOOJIMBOCTEH
NpOLECIB NUTIPYBAHHS CHUHTETUYHOIO TOJIKPUCTATY ajiMa3y, BCTAHOBJICHHS Ha L
OCHOBI OCHOBHMX TEPEAyMOB Ul peai3aiii yMOB MPUMYCOBOTO CaMO3aroCTPEHHS
aJTMa3HUX 3€pEH Ta iX MPaKTHYHA peaTi3allisl y 3alporoHOBaHUX CIIOC00aX IITi(hyBaHHSI.

VY npyromy po3ili BUKJIaJIeHa 3arajibHa METOJMKA MPOBEACHHS JIOCIIDKEHb, a
TaKOXX HAaBEJICHO JIaHI CTOCOBHO DSy MpHBaTHUX MeTofuK. Cepesl HUX psfl TaKux, IO
BU3HaHI BUHaxoiamMu. Ha iX OCHOBI BHMKOHaHA CHCTEMaTW3allisi METOAWK KOHTPOJIO
JIHIAHOTO 3HOCY Kpyra 1 JIHIMHOTrO 3HIMaHHs jaeTam. HaBenaeHo gaHi Mo mMaTteMaTW4HIN

00poOI11l pe3ysIbTaTiB eKCIIEPUMEHTATHHIX JTOCTIKEHb Ta 1H.
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Y TperboMy pO3ALTT HABEACHO pe3ysbTaTd 3D MojemoBaHHS HampyXeHO-
ne(OpMOBAHOTO CTaHy CHCTeMH NDT(YBaHHS «CHHTCTHYHWHN TIONKPUCTAT ajaMasy -
aMasHe 3epHO-MeTanodasza-3Bsi3ka Kpyray METOI SIKOTO € YTOYHEHHS MEXaHi3MY
CaMO3arocTpeHHs ajMa3HUX KpyriB, SK OCHOBH [UISi PO3POOKU TIPOTO3MINN IO
YIOCKOHAJICHHIO ICHYIOYHX CTMOCOOIB MUTIPYBaHHS CHHTETUYHOTO TOMIKPUCTATY ajMasy
aJIMa3HAMU KPyraMHi Ha METaJICBUX 1 OPTaHIYHMX 3B'SI3KaX.

VY deTBepTOMY PO3IUTI HABEACHI pPE3YIbTaTH TEOPETUKO - EKIEPIMEHTATHHUX
JIOCIT/DKEHD TI0 YIOCKOHAJICHHI0 KOMOIHOBAHOTO TIpoIiecy NDTi(yBaHHS CHUHTETUYHOTO
TIOJTIKPHUCTATY ajIMa3y aIMa3HIMH KpyraMu Ha METAICBUX 3B S3KaX SIKUI BKITIOYAE B ceOe
Oe3repepBHE €JIEKTPOXIMIYHE BUAAICHHS 3B’SI3KM B AaBTOHOMHINM 30HI Ta OJIHOYACHE
BBEJICHHS B 30HY OOpOOKM HM3bKOYACTOTHMX MEXAHIYHMX KOJIMBAHb SK OCHOBHHX
CKJIQJIOBUX VIIPABIIHHS KOHTAKTHUMH HaNpYyXEHHSIMH, a, ODKE, 1 BUXIIHUMHU
MOKa3HUKaMHU Tporiecy 00poOKu. Briepiiie BUKOPUCTaHMIA TaKWil KOMIUIEKCHUI (pakTop,
SK IMITYJIbC CHJIM, SIKUHA B JTAHOMY BHUIAJIKy € PE3YJIbTaTOM OJTHOYACHOT'O TPOSIBY TaKKX
rapamMeTpiB MPOILIECY, K Maca I0JATKOBOIO BAHTAXKY 1 aMIUTITYJM MEXAHIYHUX KOJIMBaHb.
BcTaHoBIieHO BIUTMB YMOB 00pOOKH Ha TEXHOJIOTTYHI TOKA3HUKH MPOIIECY HLTI(PyBaHHS.

VY m’stoMy po3AuTi HaBEAEHI JaHi O MpaKTUYHUX PO3POOKAX HAIpaBIeHUX Ha
YIOCKOHATICHHSI ICHYFOUMX CIOCOOIB IUTI(PYBaHHS CHUHTETUYHOTO TMOMKPUCTATY ajiMasy.
30KpeMa Ha OCHOBI BHKOPHCTAHHS SIBUINA TPUCTOCYBAHHS BIIEPIIC 3aIPOIIOHOBAHO HOBI
biBuuHI KpUTepii Taki K eEeKTUBHA CKJIaZ0Ba TAHTCHINIAIBHOI CUITH Pi3aHHS 1 €(DeKTHBHUI
koedirgent 1wTyBaHHA. CTOCOBHO YMOB BHCOKO CHIOBMX KOHTAKTHHX Harpy>KEeHb
XapakTEepHUX YIS BUMAIKY NUTIQYBAHHS aIMa3HUMH KpyramMyd Ha OpraHIYHHX 3B’S3Kax 1
BCTAHORJICHOTO MEXaHIBMY IX CaMO3aroCTPEHHSI 3aIpOTOHOBAHI YOCKOHAIEHI CIOCOOU
nutdyBaHds, ski 3a0€3MedyroTh THABHIIECHHS e(eKTMBHOCTI OOpOOKM CHHTETHYHOTO
TIOJIKpUCTaTy aMasy. Bcl TexHIuHI po3po0Ky BUKOHAH] HA PIBHI BUHAXOIIB.

HaykoBa HOBHM3HA TMpPOBENEHOTO JOCHIDKEHHS TOJIATaE B PO3POOJICHUX
HAyKOBO-METOJMYHUX PEKOMEHIAIlISIX, CIIPSIMOBAHUX HA BIIOCKOHAJICHHS MPOIIECIB
HnUTyBaHHS CHHTETUYHOrO TOMIKpUCTaTy anmMasy. OCHOBHI pe3yJibTaTd, [kl Oynu
OTpUMMaHI B TPOILIECI BUPIIIEHHS MOCTaBICHUX 3aBJlaHb Ta CTAHOBIISITH HAYKOBY

HOBH3HY JOCIIPKEHHS, OJISATAI0Th Y HACTYITHOMY:



1) Boepiiie, BpaxOBYIOUM BCTAHOBJICHMH (DaKT, 110 BHUCOKOIPOIYKTHUBHE
HUTi(YBaHHS CUHTETUYHOTO TIOMIKPUCTATY aiMasy B YMOBAX BBEICHHS B 30HY OOpOOKH
HU3bKOYACTOTHUX MEXaHIYHUX KOJMBaHb MOTPeOye 30UTBIICHUX 3HAYEHb IIBHIKOCTEH
NPUMYCOBOTO BHJIAJICHHSI METAJEBOI 3B’S3KM Kpyra, 3alporiOHOBAaHO PO3LIMPUTH
Jlana3oH PETryJIOBaHHS CHIIM CTPYMYy B JIAHITIOTY €JIEKTPOXIMIYHOI TpaBKA PoOOYOi
MOBEPXHI Kpyra IUIIXOM 3MIHH BEJIMYMHH OMIYHOTO OMNOPY 1 TEXHOJIOTIYHOI Hampyru
TIONIEPEMIHHO, IO JIO3BOJISIE 3HAYHO TMOJIIMIIATH TEXHIKO - EKOHOMIYHI TTOKa3HUKH
00poOKwY;

2) BIICpIIIC BCTAHOBJICHO, IO TMOJIMIIEHHS SKOCTI (hDOPMOYTBOPEHHS PLKYUHX
KPOMOK JIE30BUX 1HCTPYMEHTIB 3 CUHTETHYHOIO MOMIKPUCTATY aJIMa3y B YMOBaX BBEJCHHS
B 30HY MUT(YBAHHS MEXaHIYHUX KOJIMBaHb HHM3bKOI YacTOTH 3aCHOBAaHMX Ha
BUKOPHCTaHHI €HEeprii 10JaTKOBOTO BaHTAXYy, L0 BUIBHO MAJa€, JIOLJIBHE 32 PAXyHOK
BUKOPUCTaHHS palllOHAJIbHUX TMOEJHAHb 3HAYE€Hb MapaMeTpIB MEXaHIYHUX KOJIMBAHb,
30KpeMa, MOTPIOHO MParHyTH BUKOPUCTOBYBATH BEPXHI MPAHUYHI YaCTOTH KOJIMBAHb JJIsI
MEXaHIYHHUX BIOpaTOpIB MPH 3MEHIIIEHUX aMILTITy 1ax;

3) BIIepIIIe 3alpONOHOBAHMI /10 BUKOPHMCTAHHS TaKWM PEKUMHHN KOMIUICKCHHIA
(akrop, SK IMITYJILC CHJIH, SIKMMA B JIAHOMY BHIIQJIKy € PE3YJbTATOM TMOEIHAHHS TaKKX
napameTpiB TPOLIECY, K Maca JIOJATKOBOTO BAaHTAXKY 1 aMITIITYa MEXaHIYHUX KOJIUBaHb
BPaxOBYIOUM TOM (DaKT, 10 TOCTIMHICTH IMITYJIbCY CHIJIM TIPU PI3HUX TOETHAHHSIX
BKA3aHUX MapaMeTPIB Ja€ MPAKTUYHO OJJHAKOBI 3HAYEHHS BUXIHUX MOKA3HUKIB OOpOOKH
IPY HE3MIHHUX IHIIMX YMOBAX;

4) pO3IIMPEHO ~ yABICHHSA BIIHOCHO TMPOIECY ILTI(YBAaHHS CHHTCTUYHOIO
MOJTIKPUCTATY a/iMa3y aJIMa3HUMH KpyraMHM Ha OpPTraHIYHMX 3B’SI3KaX 3TIJHO 3 SIKUM B
YMOBAax B3a€MOJlIi ABOX PIBHOTBEPIUX ajJMa3HUX CTPYKTYp, aIMa30HOCHOIO ILIapy
Kpyra 1 OOpOOMIOBAILHOTO Marepialy, ajiMa3 OJHOYACHO BHUCTYNAE Yy SKOCTI
00pOOITIOBATIEHOTO Marepially 1 MpaBJITYOro OJIBIL, TOOTO Mae MicCie KOMOIHAIlS 1
OJIHOYACHA peai3allis B dYacl JIBOX TIPOIECIB — BHUCOKOMPOIYKTHBHOTO
nutigyBaHHs BUPOOY 3 CHHTETMYHOrO MOMKPUCTAYy aiMasdy 1 MpPaBKUA alMa3HOTO

U1 QYBaJIBHOTO KpyTra 3a JA0MOMOTOI0 LIbOTO % BUPOOY METOJIOM «TOUIHHS;



5) otpuMano  MOATBIIMA  PO3BUTOK 1led, IO B OCHOBI  IPOIECY
CaMOo3aroCTpeHHs aIMa3HUX 3€PEH JIKHUTh MOXKIIUBICTh iX BIABJICHHSA y 3B A3KY
Kpyra mij J1€0 HOPMaJIbHOI CKJIQJIOBOi 1 iX CaMO3aroCTPEHHs IUIIXOM MIKPO- 1
MaKpOpyWHYBaHHS TIEPEBaXHO TMiA JIEI0 TaHTEHIIANbHOT CKJIAJIOBOT CHUJIU
nuTihyBaHHs, OCKUIHKM MeXKa MIITHOCTI ajIMa3y Ha BUTWH MPAKTHYHO Ha MOPSAAOK MEHILIE
HDK Ha CTHUCK, 1110 JI0Ka3aHo nuIaxoM 3D po3paxyHKIB €KBIBaJEHTHUX HANPYXKEHb 1
nedopwmartiii mpu moaentoBanHi cuctemu «CITA-anmmasne 3epHO-MeTanodasa-3B's13Ka
Kpyra»;

6) oTprMaJIo TOJABIINI PO3BUTOK BUKOPHCTAHHS KoedilieHTa HuTi(yBaHHs JIjIs
OL[IHIOBAHHS  €(EKTUBHOCTI Mporecy uumndyBaHHS ISl YOro  3alpOIIOHOBAHO
BCTAHOBJTIOBATH IOro 3HaueHHs1 Ha 0a3l e(eKTUBHOI CKJIAJIOBOI TAHTEHIIABHOI CHIIH
nuTigyBaHHs, 0 J03BOJISIE OUTHIII KOPEKTHO OLIHIOBATU PLKYUY 3ATHICTh ajIMa3HOTO
Kpyra mnpu 1utidyBaHHI CHHTETUYHOTO TMOMKPUCTATY aiMazy, a, OTke, 1 e(eKTUBHICTh
nporiecy nutihyBaHHS B LIUIOMY.

Anpobariisi  3anporoHOBaHUX METOIMK JOKJIaJagack 1 OOrOBOPIOBAIach Ha
HAYKOBO-TIPAKTMYHUX Ta HAyKOBO-TeXHIYHMX KoH(pepeHuisix: «XII Mikuaponna
HayKOBO-TIPAaKTUYHA KOH(EPEHIIIsl MariCTpaHTIB Ta actipanTiB» (Xapkis, 2018 p.); «Hosi
1 HETpaMIIIAHI TEXHOJIOTIi B pecypco- Ta eneprozoepexenti» (Oneca, 2018 p., 2019 p.,
2020 p., 2021 p, 2022 p.); «ManmHOOymyBaHHS OYMMa MOJIOUX: TIPOTPECHBHI 171€1 —
Hayka — BuUpoOHUITBO» (Kpamaropcek, 2018 p.); «IHdopmariiiini TexHOOrI: HayKa,
TEXHIKa, TEXHOJIOT1s, OCBITa, 310poB’s» (Xapkis, 2019 p., 2020 p., 2021 p., 2022 p.);
«CyuacHi TexHoMorii y mpomucioBoMy BUpoOHHUITBD (Cymu 2019 p., 2020 p.);
Grabchenko’s International Conference on Advanced Manufacturing Processes,
(InterPartner 2021; Odessa; Ukraine).

[pakTrdHe 3HAYEHHS OEPKAHUX PE3YNbTATIB MOJISITaE B TOMY, IO PE3YJbTaTh
JCEPTAIIiHOI  pOOOTH  BUKOPUCTOBYIOTHCS B HAaBYAJIBHOMY TIpolieci Kadeapu
«lHTerpoBani TexHojyorii MammHOOymyBaHHs» M. M.®. Cemxa HaronagbHOro
TEXHIYHOTO YHIBEPCUTETY «XAPKIBCBKUIA TMOJITEXHIYHUM IHCTUTYT» TPH MIIrOTOBLI
OakayaBpiB 1 MaricTpiB 3a cremanbHIcTIo «lIpuknamHa mexaHika», 30Kpema MpH

BUKJIQJIAHH] JTUCIUIUTIH «TeopeTndHi OCHOBM TEXHOJIOTI MaIMHOOYTyBaHHSD Ta
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«HaykoBi JOCHIDKEHHSI B Taily31». YJIOCKOHAJICHI TPOLIECH aJIMa3HOro IuTi(yBaHHS
BIPOBAPKEHO Ha MiANpueMcTBl [lonTaBchkuii anmMazHU 1HCTPYMEHT NPH 3aTOYyBaHHI
JIe30BUX IHCTPYMEHTIB 3 CHHTETHIHOT'O TIOJIIKPHCTAITY ajlMa3y. 3a paxXyHOK BUKOPHCTAHHS
3aIPOITOHOBAHMX TEXHOJIOTTYHMX PEKOMEH/IAIlIM Ha ITPUEMCTRI 3a Tiepion 3 ciuns 2021
p. mo ciuenb 2022 p. Oyno OTpUMaHO EKOHOMIYHMK edekT B cymi 98,9 Tuc. rpH.
[paxTryHi pe3ysIbTaTi, OTpUMaHi B poOOTI, 3aXuilieHl 13 nareHTaMu YKpaiHu Ha KOPHUCHI

MOJIETI.

CIIMCOK MYBJIIKALI 3J0BYBAUYA

Hayxosi cmammi, onyonikosami y Hayko8ux GUOAHHSIX, BKTIOYEHUX HA 0Ny
onyOKy8aHHs1 00 NEPENiKY HaAYKOBUX (haxosux 6UOaHb YKpainu:

1. Bonomikina I. B. MozentoBaHHsI TEIIIOBOIO PEXUMY B TEXHOJIOTTUHIM CHCTEMI
oxoniofpkenHst  ntigyBabHoro Bepcraty / M. C. CremanoB, M.1. Tacanos, I.B.
Bonomikina. Bicauk HaiioHaTbHOTO TEXHIYHOTO YHIBEPCUTETY «XapKIBCHKUI
MOJITEXHIYHUI THCTUTYT». 301pHUK HayKOBUX Tpailb. Cepist: MaTtemariune
MOJICITIOBaHHS B TEXHilll Ta TexHoorisx. — XapkiB: HTY «XI1l», 2014. — Ne 6 (1049).
— C. 185—191.

URL.: http://repository.kpi.kharkov.ua/handle/KhPI-Press/6170

Ocobucmuii 6Hecok 3000y8aua: 3anpoONOHOBAHO CXEMY PO3NOOLLY MENI08UX
nomokie 6 cucmemi suxopucmarnts MOP.

2. Bonomkuna W.B. CuoBble XapakTepuCTUKH TIpoliecca HUTH(OBAHUS
[1ICTM B pexxume camo3aTtaurBaHus amMasHbix kpyro / M. H. ITepkoB, B. A. denopoBuy
, M. B. Bonomkuna. MixkHapoiHui HayKoBO- TexHIuHuH 30ipHuK. Cepist: PizanHs Ta
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ABSTRACT

Voloshkina I.V. Improvement of the process of diamond grinding of
superhard materials due to control of contact stresses. — Qualifying scientific
work on the rights of the manuscript.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in specialty
131 "Applied Mechanics" (13 - Mechanical Engineering). - National Technical
University "Kharkiv Polytechnic Institute” Ministry of Education and Science of
Ukraine, Kharkiv, 2023.

This thesis describes modern approaches to expanding the technological capabilities
of the diamond grinding process for superhard materials. For this purpose, the
methodology of 3D modeling of the stress-strain state of the system "synthetic
polycrystalline diamond-diamond grain-metal phase-bonded wheel" was used, which
allowed to clarify the mechanism of self-sharpening of diamond wheels. Based on this, a
number of original technical solutions were proposed to improve existing methods of
grinding superhard materials based on the forced activation of self-sharpening of the
diamond-bearing layer of grinding wheels on organic and metal bonds.

The object of research is the process of grinding superhard materials.

The subject of the study is the control of contact stresses in the grinding zone.

The purpose of the study is to improve the process of diamond grinding of superhard
materials by controlling contact stresses.

Ukraine is among the countries that are currently widely using products made of
superhard materials. Global practice shows that the list of industries where they have not
yet found application is steadily shrinking. This is especially true for synthetic diamonds.
Their unique physical and mechanical properties determine the potential application of
synthetic diamonds in a number of such fields of science, technology and production, the
development of which determines the course of technological progress in general. When
manufacturing products from synthetic diamonds, the most labor-intensive technological
operation is the shaping of their working, diamond, part. Until now, diamond grinding has

been the most effective method of processing superhard materials. However, both synthetic
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diamond, i.e., the cutting material, and the diamond grains of the wheel are equally hard
materials, which creates a unique case in the theory of machining. Under such conditions,
there is no penetration of the wheel grains into the synthetic diamond. And the removal of
the allowance from the workpiece is possible only through its brittle microfracture. And
this requires that sharp micro- and submicro-edges constantly exist on the surface of the
diamond grains. This requires the implementation of such processing conditions that would
provide the necessary mechanism for self-sharpening of diamond grains. To do this, it is
necessary to study the contact stresses in the processing zone and find methods to control
them. In these conditions, the methodology of 3D modeling of the grinding system is a
very effective tool for their study.

The practice of grinding superhard materials has shown that the use of both
traditional and new approaches to this process has not yet resolved the contradiction that
exists between the conditions for obtaining the required values of the main output
indicators of processing. Therefore, it is important to conduct research aimed at improving
the existing methods of processing superhard materials. This suggests their significant
reserve.

Since synthetic diamond polycrystals, as a type of synthetic diamond, are the most
common and have a significantly higher microhardness than other non-diamond superhard
materials, they were mainly used in the research. This is due to the fact that solving the
problem of their processing automatically solves the problems of processing other less hard
superhard materials.

The modern provisions of the theory of materials processing by cutting, the theory
of electrochemical processing, classical mechanics, elements of the theory of mathematical
processing of experimental data were used in solving the problems of the dissertation
research. The concept of 3D modeling based on the finite element method was used to
study the stress-strain state of the grinding system "synthetic diamond polycrystal-diamond
grain-metal phase-bonded wheel" in relation to the processes of grinding synthetic
diamond polycrystal with diamond wheels on organic and metal bonds. When using
microscopic studies, a digital camera ToupCam UCMOS01300KPA was used to provide

visualization of the objects under consideration. Experimental studies were carried out
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using generally accepted and proposed original methods on a special stand based on a
universal sharpening machine, which, after modernization, could be converted into a
surface grinding machine with a vertical spindle. The provisions of theoretical and applied
statistics, as well as SolidWorks, KOMPAS, CorelDRAW, Visio, Maple, ToupView,
Statistica, Microsoft Office and its application Microsoft Office Excel were used in the
work.

The introduction substantiates the relevance of the research objectives, presents the
scientific novelty and formulates the practical significance of the results obtained.

The first chapter of the dissertation analyzes the current global trends that have
emerged in recent years in the field of production, application and processing methods of
synthetic polycrystalline diamond. Based on the analysis of information sources, the author
identified issues that remain unresolved in this subject area. Based on the analysis, a
working hypothesis was put forward, the essence of which is the possibility of increasing
the efficiency of synthetic polycrystalline diamond processing by improving diamond
grinding methods.

The unifying idea of the presented work is a comprehensive theoretical and
experimental study of the physical and technological features of the processes of grinding
synthetic diamond polycrystals, establishing on this basis the basic prerequisites for the
implementation of the conditions for forced self-sharpening of diamond grains and their
practical implementation in the proposed grinding methods.

The second section describes the general methodology of the research, as well as
data on a number of private methods. Among them are a number of those recognized as
inventions. They are used to systematize the methods of controlling linear wear of the
wheel and linear part removal. The data on the mathematical processing of the results of
experimental studies, etc. are presented.

The third section presents the results of 3D modeling of the stress-strain state of the
grinding system "synthetic polycrystal diamond - diamond grain - metal phase - wheel
binder", the purpose of which is to clarify the mechanism of self-sharpening of diamond
wheels as a basis for developing proposals for improving existing methods of grinding

synthetic polycrystal diamond with diamond wheels with metal and organic bonds.
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The fourth section presents the results of theoretical and experimental studies on
improving the combined process of grinding a synthetic polycrystal of diamond by
diamond wheels on metal bonds, which includes continuous electrochemical removal of
the bond in an autonomous zone and the simultaneous introduction of low-frequency
mechanical vibrations into the processing zone as the main components of contact stress
control and, consequently, the output indicators of the processing process. For the first
time, such a complex factor as a force impulse was used, which in this case is the result of
the simultaneous manifestation of such process parameters as the mass of the additional
load and the amplitude of mechanical vibrations. The influence of machining conditions on
the technological parameters of the grinding process was determined.

The fifth section presents data on practical developments aimed at improving the
existing methods of grinding synthetic diamond polycrystal. In particular, new physical
criteria such as the effective component of the tangential cutting force and the effective
grinding coefficient were proposed for the first time based on the use of the adaptation
phenomenon. With regard to the conditions of high contact stresses typical for the case of
grinding with diamond wheels on organic bonds and the established mechanism of their
self-sharpening, improved grinding methods have been proposed that provide an increase
in the efficiency of processing synthetic polycrystals of diamond. All technical
developments were performed at the level of inventions.

The scientific novelty of the study lies in the developed scientific and
methodological recommendations aimed at improving the processes of grinding synthetic
diamond polycrystals. The main results obtained in the process of solving the tasks and
constituting the scientific novelty of the study are as follows:

1) for the first time, taking into account the established fact that high-performance
grinding of synthetic diamond polycrystal under conditions of introduction of low-
frequency mechanical vibrations into the processing zone requires increased values of the
speed of forced removal of the metal bond of the wheel, it is proposed to expand the range
of current control in the circuit of electrochemical dressing of the working surface of the
wheel by changing the value of ohmic resistance and process voltage alternately, which

can significantly improve the technical and economic indicators of processing;
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2) for the first time, it was established that improving the quality of forming the
cutting edges of blade tools made of synthetic polycrystalline diamond under the
conditions of introducing low-frequency mechanical vibrations into the grinding zone
based on the use of energy of an additional free-falling load is advisable by using rational
combinations of values of mechanical vibration parameters, in particular, it is necessary to
strive to use the upper limit vibration frequencies for mechanical vibrators at reduced
amplitudes;

3) for the first time, such a mode complex factor as a force impulse was proposed
for use, which in this case is the result of a combination of such process parameters as the
weight of the additional load and the amplitude of mechanical vibrations, taking into
account the fact that the constancy of the force impulse under different combinations of
these parameters gives almost the same values of the output processing indicators under
other conditions;

4) the idea of the process of grinding a synthetic polycrystal of diamond with
diamond wheels on organic bonds was expanded, according to which, under the conditions
of interaction of two equally hard diamond structures, the diamond-bearing layer of the
wheel and the processing material, diamond simultaneously acts as a cutting material and a
dressing pencil, i.e. there is a combination and simultaneous realization in time of two
processes - high-performance grinding of a product made of synthetic polycrystalline
diamond and dressing of a diamond grinding wheel with the same product by the "turning"
method,

5) the idea that the process of self-sharpening of diamond grains is based on the
possibility of their pressing into the bond of the wheel under the influence of the normal
component and their self-sharpening by micro- and macro-fracture mainly under the
influence of the tangential component of the grinding force was further developed, since
the tensile strength of diamond is almost an order of magnitude less than the compressive
strength, which was proved by 3D calculations of equivalent stresses and strains in
modeling the system "CPA-diamond grain-metal phase-bonded wheel";

6) the use of the grinding coefficient to evaluate the efficiency of the grinding

process was further developed, for which it was proposed to set its value based on the
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effective component of the tangential grinding force, which allows a more correct
assessment of the cutting ability of a diamond wheel when grinding a synthetic diamond
polycrystal, and, consequently, the efficiency of the grinding process as a whole.

The proposed methods were tested and discussed at scientific and practical,
scientific and technical conferences: "XII International Scientific and Practical Conference
of Undergraduate and Postgraduate Students™ (Kharkiv, 2018); *New and Non-traditional
Technologies in Resource and Energy Conservation” (Odesa, 2018, 2019, 2020, 2021,
2021, 2022); "Mechanical Engineering through the Eyes of the Young: Progressive Ideas -
Science - Production" (Kramatorsk, 2018); “Information Technologies: Science,
Engineering, Technology, Education, Health" (Kharkiv, 2019, 2020, 2021, 2022),
"Modern Technologies in Industrial Production™ (Sumy, 2019, 2020); Grabchenko's
International Conference on Advanced Manufacturing Processes, (InterPartner 2021;
Odesa; Ukraine).

The practical significance of the results obtained is that the results of the dissertation
are used in the educational process of the M.F. Semko Department of Integrated
Mechanical Engineering Technologies of the National Technical University "Kharkiv
Polytechnic Institute” in the training of bachelors and masters in the specialty "Applied
Mechanics"”, in particular in teaching the disciplines "Theoretical foundations of
mechanical engineering technologies™” and "Scientific research in the industry"”. Improved
diamond grinding processes were introduced at Poltava Diamond Tools when sharpening
blade tools made of synthetic diamond polycrystals. Due to the use of the proposed
technological recommendations at the enterprise for the period from January 2021 to
January 2022, an economic effect in the amount of UAH 98.9 thousand was obtained. The
practical results obtained in the work are protected by 13 patents of Ukraine for utility

models.
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