AHOTAIIS

3atiuux FO. I. TexHONOTIYHI METOIU 3a0e3MEeUeHHsI SIKICHUX XapaKTePUCTHUK
BUPOOIB 13 MarepianiB, CXUIBHUX 0 TPIIIMHOYTBOPEHHS Ha (DIHIIIHUX OMeparisax. —
KsamidikariitHa HaykoBa Ipalls Ha MpaBax PYKOIUCY.

Huceprariss Ha 3m00yTTS HAyKOBOTO CTymneHs JokTopa (imocodii 3a
cnemianpHicTIO 131 «IIpukimagna mexanikay. — Hamonansauii yaiBepcuteT «Onechka
noJiTexHika» MiHicTepcTBa OCBITH 1 Hayku Ykpainu, M. Ogeca, 2024.

Hucepramiiina po0OoTa MpHCBsYEHA po3poOIll Teopii 1 HOPMATUBHUX
PEKOMEH/Ialllii MO TEXHOJOTIYHUM METOAaM CYTTE€BOTO 3HIDKCHHS JE(PEKTIB THUITY
MOPUMIKIB 1 TPIMH Ha (IHIMIHUX OMEpalisxX JeTajed 13 MaTepialliB, CXUJIbHUX JI0
BKa3aHUX JAe(eKTiB, MOBEPXHEBUH 1P AKUX MA€ CIAAKOBI IEPEKTU CTPYKTYPHOTO 200
TEXHOJIOTTYHOTO MOXO/IKEHHS.

BuBUEHHS TEpMOMEXaHIYHMX SIBHILL, 110 (POPMYIOTh SKICTh IOBEPXHEBOT'O IIAPY
Ha (IHINHUX oOMlepaliaxXx 3 ypaxXyBaHHSAM IIONEPENHIX BHUAIB 0OpoOKH BUPOOIB,
BCTAHOBJICHHS 1X BIUIMBY Ha PO3TPICKYBaHHS 1 MPUIIKAHHS HAa OCHOBI KUIBKICHOTO
aHaJi3y TEPMIYHOTO 1 HAMIPY>KEHOTO CTaHy CKJIaAaloTh CyTh JJaHOI pOOOTH.

Ichyroul (yHKIIIOHANBHI 3B'I3KM TEXHOJOTIYHUX MApaMETPIB 3 TEMIIEPATYPOIO
nutyBaHHS JO3BOJIAIOTH YCYHYTHM TIPUITIKAHHS Ha OOpOOIIOBAaHMX MMOBEPXHSX
BUPOOIB, SIKI HE MICTITh KOHCTPYKTOPCHKUX 1 TEXHOJOTTYHUX HEOJHOPITHOCTEH, 1
Marepiaj SKMX HE MICTUTh 3HAUHHUX HEOIHOPITHOCTEH, BUKOPUCTOBYIOUH BIJIOBIIHI
METOAMKH.

OpHak BIJICYTHICTh JIOCTIDKEHb OCOOJIMBOCTEHM TMPOIIECY 3apOIKEHHS
nUTiyBallbHUX TPINIMH, I1X YTBOPEHHS B MAariCTpaJibHI B 3aJIEKHOCTI BiJl
KOHCTPYKTUBHHUX, TEXHOJOTIYHUX 1 CTPYKTYpPHHX HEOAHOPIIHOCTEH Marepiairy
BUPOOIB HE JI03BOJISIE OHO3HAYHO BUKOPHCTOBYBATHM HAasiBHI PEKOMEHAAIT MO0
YCYHEHHSI pO3IVISIHY THX JA€(EKTIB.

Taxkum YUHOM, HEOOX1HO BHUKOHATHU TOCIIIKEHHS BILIUBY
TEPMOMEXAHIYHHUX SIBHIII, 0 CYyMPOBOKYIOTH (DiHINIHI Omeparlii Haj BUpoOaMu i3

MarepiajiB, 0 MarThb CTPYKTYpPHI  HEOJHOPIAHOCTI CHAJKOBOTO TMOXOMKECHHS,



CXUJIBHUX JO0 JAe(PEKTOyTBOPEHHsS Ha KIHIEBUX ONEpalisX, g OTPUMaHHS
TEXHOJIOTTYHUX YMOB JJISI AKICHOI 00p0OOKH poOOYMX ITOBEPXOHB JeTajiel 1 MaTepiaiB.

Y BeTymi TmpeacTaBiIeHO OOTPYHTYBaHHS BHOOPY TEeMH JIOCHIIKEHHS,
BUCBITJICHO ii akKTyallbHICTb, C(OpPMYyJIbOBaHa MeTa W 3aBIaHHS JOCIIIKEHHS,
BH3HAYCHI HAYKOBA HOBU3HA 1 MPAKTUYHE 3HAYEHHS OJIEP>KaHUX PE3yJbTaTIB, a TAKOXK
HaBeJeHa 1H(OopMAaIIisl PO anpoOarlio, CTPYKTypy Ta o0car poOOTH.

B mnepmomy po3agini npoBeneHo AHanmi3 craHy (OpMYBaHHSA SIKICHUX
XapaKTepUCTUK IOBEPXHEBOTO Iapy BHUPOOIB 13 MarepiaiiB, CXHJIbHUX [0
nedeKToyTBOpEHHS Ha (IHINIHUX OINepaIisix.

CxJ1aJiHICTh MPOIIECiB, IO MPOTIKAIOTh B MMOBEPXHEBOMY IlIapl MaTepially, Mpu
MEXaHI4HIi 00poOIl, a TaKoXK MPHU EKCIUTyaralii UUX JAeTalled poOUTh HEOOXITHUM
PO3IIIS BIUIMBY TEXHOJIOTIYHOI CITaJIKOBOCTI TUTBKM Ha oreparlii KiHIeBOi 00poOKH.
Burcoka TenioBa Hanpy»KeHICTh IPOLIECIB aJIMa3HO-a0pa3uBHOI OOPOOKH MPU3BOAUTH
710 TOTO, O TEITO(13H1Ka IIUX MPOLIECIB YACTO € TOMIHYIOUOI0 Y (POPMYBaHHI SKICHUX
XapaKTepUCTUK 0OPOOJICHOT TOBEPXHI.

[Ipore, nMuuie TEMIOBUMU KPUTEPISIMU 3aBIAHHS 3a0€3M€UEHHS AKOCTI poO0YOi
30HU BUPOOIB HE MOXxe OyTH BHpilieHa. BpaxoByrouu Te, 1110 MaTepiayid, 0 WIyTh Ha
BUTOTOBJICHHS JI€Tajeil MarOTh BEJIMKUU CTYHiHb HEOAHOPITHOCTI, CI1J OYIKYBaTu
ICTOTHUX 3MIH Yy pO3MNOAUI TeMmreparyp 1 jAedopMaliid y 30HaX HAKONMUYEHHS
HEOJHOPIAHOCTEH, IO y CBOIO Uepry MOXKE MPHU3BECTU IO YTBOPEHHS JIOKAJIbHHUX
nedopmailiiil Ta MOSBH TPILIUH HA pOOOYMX MOBEPXHIX BUPOOIB, 110 HUTI(PYIOTHCA.

B nanuii yac mepeBakae (HEHOMEHOJOTIUYHUU MIAXiJA Yy BHUBYEHHI TPUYUH
YTBOPEHHS TPIMH. B OCHOBI IIbOTO T1IX0Ty 1HOAI PO3MISAAIOTH CUJIM Pi3aHHS, 110 Ha
Hall MO € HeaocTatHIM. JlificHO, MexaHIYHa 1IHTepIpeTallisi TPIIMHO-YTBOPEHHS
HE BPAaXOBY€ BIUIMBY TEIJIOBHUX MPOIIECIB, IO € JOMIHYIOUUM (PaKTOPOM y TPOIIEC]
1T pyBaHHS.

JlocmipkeHHsT TPUYMH BHHMKHEHHS UUNIQYBaJbHUX TPIIIMH 3 TO3ULIN
CTPYKTypHHX 1 (pa30BUX MEPETBOPEHbB, IO MOPOHKYIOTh BIAMOBIAHI iM CTPYKTYpHIi
HanpyxeHHs - 6(M,T) TakoK MalOThb OKpPEMHI XapakTep 1 HE JO3BOJISIIOTH B LIJIOMY

INPOCTEKUTU CIPABKHIO KApTUHY YTBOpPEHHS Je(EeKTIB TUNy TPIIIMH Ha



oOpoOmoBaHiii moBepxHi. CrmpaBa B TOMY, IO SIK CTPYKTypHI, Tak 1 (a30Bi
nepeTBopeHHsa (B o0csirax, MOCTaTHIX JUIsl YTBOPEHHS PYHHIBHUX CTPYKTYpPHHX
HaMpy>kKeHb), MOBUHHI MPUXOAUTH IPU BITHOCHO HEBEJIMKUX IIBUKOCTAX, HATPIBaHHS
(2060 0XO0JIOMKEHHS) 1 TPOTATOM 3HAYHOTO MPOMDKKY Yacy. Y ToH yac, K nutidyBaHHS
XapaKTepHU3y€ETHCS KOPOTKOUACHICTIO, BETMKUMU IIBUIKOCTSIMHU HarpiBy, 6m3bko 3000
* 50000 rpag/c [12] 1 TakuMu X HIBUAKOCTAMHU OXonokeHHsA. Lle, y cBoio uepry,
dbopMye yMOBH, ONHM3bKI 10 TEIJIOBOTO yAapy, MpHU SIKOMY TE€pMIUHE Halpy>KeHHs
J0CsITa€e 1y>Ke BEJTMKUX 3HAYCHD.

Kpim Toro, nutidpyBaHHs 31 CTPYKTYPHUMH MEPETBOPEHHSIMH, HAIIPUKIIA]I, KOJIU
KOHTAaKTHa TeMIleparypa JAOPIBHIOE TeMIlepaTypl MOYATKy poO3Maay MapTEHCHUTY,
CYIPOBOKY€ETHCS MOSIBOIO PO3TATYIOUMX CTPYKTYPHHUX HANPY>K€Hb Gp crp, HE3HAUHUX
32 BEIMYMHOIO B 30HI KOHTAaKTy Ta CTHCKAIOYHX Operp Y 30HI IHTCHCHBHOTO
OXOJIOJKEHHS . TepMOMeXaHIuH1 HalpyTH, 3HaYHO NEPEBEPIIYIOTh Gpcrp Y LIUX 30HAX,
1 MaroTh, MEPEBaXKHO, 3BOPOTHIN 3HAK. ToMy CTPYyKTYpHI MEPETBOPEHHS HE MOXKYTb
OyTH "caMOCTIMHO" MPUUMHOIO BUHMKHEHHS IUTI(PYyBaJbHUX TPILIMH. BOHM MOXYTh
CIPUSATH 3pOCTAaHHIO TPIIIKH, 0 YTBOPWIKCS M1 AI€I0 TEIJIOBOTO yaapy. Tum Ouiblie,
II0 TOpPOLEC NEPETBOPEHHS TUMYACOBUX TEPMOMEXAHIYHUX HAIPYXKEHb HA Oy
B1JI0YBa€THCA MIPOTATOM YacCy, JOCTATHBOMY JJISl 3SHAYHUX CTPYKTYPHHUX 1 (Da30BUX 3MiH
y HOBEPXHEBOMY II1api, 1110 y CBOIO YEPTY HOPOAXKYE Gy crp, IO CIIPHUSIIOTH MOAATIBILIOMY
3pOCTaHHIO NUTI(YBATBHUX TPIIIUH Y MariCTpaJibHi.

IcHytoul (pyHKIIIOHABHI 3B'I3KW TEXHOJOTIYHUX MMAPAMETPIB 3 TEMIEPATYPOIO
nuTiyBaHHS JO3BOJISIOTH 32 IOTIOMOTOIO BiJIMOBITHUX MPUHOMIB YCyBaTH MPUTIATIHA Ha
00poOIOBaHUX MOBEPXHAX BUPOOIB, K1 HE MICTATh KOHCTPYKTOPCHKO-TEXHOIOTTYHUX
HEOJHOPITHOCTEM, 1 Marepial SKUX HE MICTUTh ICTOTHUX HEOJHOPIIHOCTEH
CHaJKOBOTO xapakTepy. Jlocmi/pkeHHs yMOB MIJABUIICHHS SKOCTI 0OpOOIIOBaHMX
MOBEPXOHB IIISXOM YCYHEHHS J1e(DeKTiB THITY TPIIIMH MPOBOIMIIOCS B OCHOBHOMY Ha
PiBHI BHUSIBJICHHS SIKICHUX 3B'SI3KIB TEXHOJIOTTYHHUX TTApaMeTPiB 3 (i3UKO-MEXaHIYHUMHU
BJIACTUBOCTSIMU MatepiaiiB, o nutidyroThes. HasBHI KUTBbKICHI 3B'SI3KM HANIPYKEHbB 3
pexumMaMu 00pOOKH, HOCSTh YACTKOBHH XapakTepl 1 HE BIAOOpakaroTh 3arajbHUX

3aKOHOMIPHOCTEW HANpy>KEHO-I€(POPMOBAHOTO CTaHy TIOBEPXHEBOTO Iapy B



3QJIEKHOCTI BiJl TEXHOJIOTTYHUX YMOB 1 BIAaCTUBOCTEW 0OpoOIroBaHMX MaTepiaiiB. B
OCHOBHOMY HAIlpyXCHUIl CTaH IMOBEPXOHb, 10 HUTIPYIOTHCS, OIIHIOBAJIOCS
YUCEITLHUMHU METOJIAMHU.

BiacyTHicTh  AOCHIKEHb 3 OCOOJUBOCTSAMHU IPOIECY  3apOJKCHHS
nutiQyBadbHUX TPINIMH, iX (OpMyBaHHI B MaricTpajibHi B 3aJ€KHOCTI Bif
KOHCTPYKTUBHUX, TEXHOJOTIYHMX 1 CTPYKTYpPHHUX HEOJHOPIAHOCTEH MaTepiaity
BUPOOIB HE JO3BOJISIIOTH OJJHO3HAYHO KOPUCTYBATUCS HAsIBHUMU PEKOMEHJIAIISIMU
MO0 YCYHEHHS JedeKTiB, MmO po3riagalThcs. (OCHOBHI BIACTHUBOCTI Ta
XapaKTEPUCTUKHU SIKOCT1 MOBEPXHI - IMIOPCTKICTh, MIKPOTBEPICTh, BEJIMUYMHA 1 3HAK
BHYTPIIIHIX TEXHOJIOTTYHUX HAMPYKEHb, HASABHICTH BKIIOYEHB Ta THIINX CTPYKTYPHHUX
HEJIOCKOHAJIOCTEH 3alieKaTh BIJ BUJIB 1 peXuUMIB TepMiuyHOi 00poOku (TO),
TepMoMexaHiuHoi 00poOku (TMO) 1 mexaHiuHOi 00poOKM MaTepialliB 1 BU3HAYAIOTh
BUTOTOBJICHHS.

Oco0muBOCTI (Pi3UKO-MEXaHIYHUX BIACTUBOCTEH MAarHiTOTBEPIUX CIUIABIB TUITY
FOHJK35TS (Bucoka KpPUXKICTh, HHM3bKa MIIHICTh, BIJHOCHO HU3bKI 3HAYEHHS
TETJIONPOBITHOCTI Ta TEMITepaTypPOIPOBITHOCTI) BIJIHOCSITh ix 10
BOXXKOOOpOOIIOBaHUX MaTepiaiiB. ToMy aHai3 CTPYKTYpH TEXHOJIOTIYHOTO MPOIECy
BUTOTOBJICHHS MArHITIB € Ba)KJIMBUM €TallOM Yy BHSIBICHHI pE3€pBIB MIJBUIIEHHS
BUXOJ1y MPUJATHUX MArHiTIB Ha ONEpaIlisiX KiHIEBOTO MITi(hyBaHHS, OCKIJIbKA OCHOBHI
ne(eKTH — TPIILMHO-1 CKOJIOYTBOPEHHSI BUHUKAIOTh CaMe IPH KIHILIEB1H 00poOIIl TaHUX
MarHiTiB. s Oe3gedexTHOi 0OpoOKHM cTajei 1 CIUIaBiB, CXMJIBHUX 10 TPIITMHO-1
CKOJIOYTBOPEHHsSI HEOOXITHO BpaxoOBYBaTH IXHIO CTPYKTYPHY HEOIHOPITHICTb.
HasBHICTh TpilIMHO MOMIOHUX AE(PEKTIB, 1 BKIIOYEHb CIIPUSE€ TOMY, IO MPU BUOOPI
peXKUMIB OOpPOOKH 1 XapaKTePUCTUK IHCTPYMEHTY CIiJl KE€pPyBATHCS TPAaHUYHUMH
3HAYCHHSMH TEIUIOBOTO MOTOKY, 110 (DOPMYETHCS.

MeTo10 HCEepTALitHOTO JOCTIIKEHHSI € 3a0e3MedyeHHsl SIKOCTI 0OpoOKu
BUPOOIB 13 MarepiajiB, Kl CXWIbHI JO TPIIIMHOYTBOPECHHSI HA OCHOBI JIOCIIIXKEHHS
TEXHOJIOTIYHUX  MOXKJIMBOCTEM  mporecy  nulidyBaHHS — [UISXOM  aHaJI3y

TEPMOMEXAHIYHHUX SBUII Ta PO3POOKH TEXHOJIOTIYHMX KPUTEPiiB BUOOpY, pearizaris



SAKHUX JO3BOJINTDH TEXHOJIOTTYHUM napamMeTpam CyTT€EBO 3HU3UTHU I[G(i)CKTOYTBOpeHH}I Ha

iX poOOYMX MMOBEPXHSIX.

JJ1s mOCSITHEHHS TOCTABIIEHOT METH B POOOTI BUPINIYIOTHCS HACTYIIHI 3a4a4i:

l.

Po3pobutn MatematuyHy MOJENb, IO ONUCY€E TEPMOMEXaHIUHI MPOLECH B
MOBEpXHEBOMY IIIapi Impu HUTIPyBaHHI JeTallel 13 MarepianiB, CXWIBHUX J0
TPIIIMHO YTBOPEHHS 3 YPaxXyBaHHSM CIaJKOEMHUX J€(PEKTIB BiJ MOMEPETHIX
oreparii.

JlocmiauTH BIUIMB TEXHOJIOTIYHOI CHAJAKOBOCTI MOMEpEAHIX Omepaiii Ha
IHTEHCUBHICTh YTBOPEHHSI TPIINIMH 1 TPUITIKIB JeTajedl 13 Marepiaiis,
CXUJIBHUX JI0 BKa3aHUX JIePeKTiB pu oOpoOIl nutidyBaHHIM.

BusHaunTy KpuTepil yTBOPEHHS TPIIIMH 1 MPUITIKIB 1 BCTAHOBUTH 1X 3B'A30K 13
JOCHIPKYyBAaHUMU ~ TEXHOJIOTTUHUMH  (aKTopamMu Tpoliecy HuTidyBaHHS
poOOYHX MOBEPXOHB JAETANIEH 13 MaTepialliB, CXHJIBHUX /10 BKa3aHUX JA€(EKTIB.
Po3pobutu mepeayMoBM JIsI  ONTHUMI3AIlli TEPMOMEXAHIYHOTO CTaHy
MOBEPXHEBOIO IIapy Jerajeil B mpouecl HuUTiyBaHHS, 110 BUKIIOYAIOTh
BUHHUKHEHHS NUTI(PYBaIbHUX AC(PEKTIB TUITY TPILIUH 1 MPHUITIKIB.

BuBUMTH TEXHOIOTTYHI MOXJIMBOCTI YIIPABIIHHS SKICTIO TOBEPXHEBOTO IIapy
poOOUMX MOBEPXOHB AETaJEH 13 MaTepialliB, CXUIbHUX A0 TPILIUHO YTBOPEHHS
Ta 3a0e3meueHHs I1X TEeOMETPUYHHMX XapaKTEPUCTHK, HEOOXIMHUX IS

e(hEeKTUBHOI EKCILTyaTaIlii.

Y napyromy po3aijli  HaBeAeHI TCOPETHYHI OCHOBH JOCHIIKCHHS

(bopMyBaHHS SKICHUX MapaMeTpiB 00poOIOBaHUX POOOUMX MOBEPXOHb BUPOOIB i

JE0 TEPMOMEXAHIYHHMX SIBHII, IO CYyMPOBOKYIOTH (iHIIIHI omeparlii. Po3misiHyTi

ocoOMMBOCTI (OPMYBaHHS SIKICHUX TIapaMmMeTpiB poOOUMUX TOBEPXOHH KOHIYHHX

BUpOOIB 1pH ix nutidysanHi. [loOynoBana mMozaesnb TepMOMEXaHIYHUX MPOLECIB, IO

CYTIPOBOKYIOTH (PIHIITHY 0OpOOKY KOHIYHUX BUPOOIB Mif TI€F0 SKUX JOCITIIKYIOThCS

yMoBHU (popmyBaHHS Je(dEKTIB B MOBEPXHEBOMY IIapi, M0 MPU3BOIUTH 10 BTpaTH

HECy4YOi 3aTHOCTI IIMX BUPOOIB y Mporieci ix ekcrutyaraiii. BukoHnana mepeBipka

aJIeKBaTHOCTI TOOYIOBaHOT MOMENl MO0 3a0e3MEYeHHS SKICHUX XapaKTEPUCTHK

MOBEPXHEBOIO IlIapy Ha MpUKIaAl HUTi(QyBaHHS KOHIYHUX BHpOOIB 13 cTall



12X2H4BA, poGounii map sSKuUX MiAJAETbCS TEpMOOOpOOI. AHam3 pe3yabTaTiB
MOJICJIFOBaHHS TOKa3ye, 110 TeMmIeparypa oOpoOIroBaHOi MOBEPXHI 3pOCTaE MO Mipi
HAOMIKEHHSI OOpOOTIOIOUOTr0 1HCTPYMEHTY MO KOHIYHIM TOBEpXHI J0 MEHIIOrO
niametpy. Came 1151 001acTh 0OpOOITIOBaHOT OBEPXHI KOHIYHUX BUPOOIB HAWOLIbIIE
CXWIbHA Ne(PEKTOYTBOPEHHIO Ha (QIHIMIHMUX omepamisx. Tomy npu NpU3HAYEHH]
pEeXHUMIB 0OpOOKH TaKMX MOBEPXOHb, 1X CJIiJl BUOMPATH 3 YMOBH, 10 IPU HAOIMKEHHI
00pOoOJIIOI0YOT0 1HCTPYMEHTY JI0 OLIbII BY3bKOI YAaCTMHH KOHIYHOI ITOBEpPXHI
dbopMmyeTbes Temmeparypa Ha Hiil HE TIOBUHHA MEPEBUIIYBAaTH JOMYCTUMHUX 3HAUCHB,
K1 320€31eUyI0Th HEOOX1/IHY SIKICTh.

B upomy po3aini JOCHIJKYEThCS BIUIMB TEPMOMEXAHIYHUX SIBHIN Ha
YTBOPEHHsI NUTI(PYBaIbHUX Je(EKTIB HA poOOUMX MOBEPXHIX AETalel 13 CKIATHO
oOpoOroBaHKX MarepiamiB. Pi3HI TEXHOJIOT1UHI oreparii CpUsiOTh BUHUKHEHHIO B
MOBEPXHEBOMY 1IlIapi CHAAKOBUX JE(EKTIB, A0 SKUX BIJIHOCITHCA HEMETaJeBl
BKJIFOUEHHA, (IOKEHH, TMOBITPSAHI TOpPU, MIKPOTPIIIMHU YCAJKOBOIO XapakTepy
(BumuaBka), nedopmailisi KpUCTAIIYHUX 3€PEH, TPIIIMHY JTIKBAIIMHOTO MOXOMKEHHS
(MOKOBKa, MPOTATYBaHHS) KPYNMHO3EPHUCTICTh, CKYITUEHHS KapO1iB, CKOJIU, BUPUBH,
CITKa MOBEPXHEBUX TPIIIUH, BHYTPIIITHI TPIIIIUHU, BIAMAPOBYBAHHS , TIPUITAJIH.

Hani nedexktn, Oyayyd KOHILIEHTPATOpaMU HAIPYXKEHHS, CHPUSIOThH
TPILIMHOYTBOPEHHIO, SIK Yy TMpoleci 0OpoOKM marepiaidy, Tak 1 MpH eKCILTyararii
neTasei 13 ux Marepiaisb.

3HMKeHHs Opaky Ha (IHINIHUX OMepallisix JaHuX MaTepiaiiB, MiABUIICHHS
eKCIUTyaTallliHUX BJIACTUBOCTEW BHUPOOIB 13 IIMX MAarepiajiiB € BXKIUBUM HAPOIHO-
rOCIOJAPChKUM 3aBJaHHSAM, BUPIIICHHS SIKOTO MPHU3BOAUTH O 3HAYHOI €KOHOMIl
MaTepiaIbHUX PECYPCIB, TPYIOMICTKOCTI Ta COOIBAPTOCTI BUTOTOBJICHHS J€TaleH.

SAxicTh OBEPXHEBOTO MMIapy (POPMYETHCS T BIUIMBOM TEPMOMEXaHIUHUX
SIBUILL, IO CYIPOBOIKYIOTH (piHaNbHI onepalii. ToMy ik OCHOBHUI MOKa3HUK (P13UKO-
MEXaHIYHOTO CTaHy OOpOOJIIOBaHMX TOBEPXOHb  BUKOPHUCTOBYETHCS  TEILIO
HaAIPYKEHICTh aJIMa3HO-a0pa3uBHOI 00pOOKH. [[71s1 yripaBiIiHHS SKICTIO AETaTI ITiJT 9ac
nuTiyBaHHS JOCHIDKYBAJIMCh 3aKOHOMIPHOCTI (OpMYBaHHS TEPMOMEXAHIYHOTO

CTaHy  TOBEPXHEBOTO  MApy 3  ypaxyBaHHAM  WOTO  HEOIHOPITHOCTI.



BucokonponykruBHe 6e3nedextHe nutidyBaHHS MaTepiaiiB, YyTJIUBUX O TPIIIUHO
YTBOPEHHSI, PO3MISAATIOCh 3 ypaXyBaHHSM HACIIIKOBUX Je(EKTIB HAa TPaHUYHUX
pexxuMax, mpu 30epeXeHHI PIBHOBaXHOTO cTaHy. Ha ocHoBI moOymoBaHoi moperni
BUBUYCHO MEXaHI3M BUHUKHEHHS NUTI(QYyBaJbHUX TPIIIUH 13 TTO3UIIHN BIIUBY Te€OMETPIi
Ta (QI3UYHUX BIACTUBOCTEW 0-(Pa3u Ta ii opieHTAIll MO BIJHOUIECHHIO 10 HAMPAMKY
nuTiyBaHHS MarHiTiB y BHCOKO KOEPUUTHUBHOMY cTaHi. [Ipu 1iboMy BHKOpHCTaHI
TaKOX YMOBH PIBHOBAru CTPYKTYPHUX CKJIQOBUX 3aJI€KHO Bij TOMiHYIOUUX (PaKkToOpiB
nporecy nuripyBaHHS 1 B’S3KOCTI pylHYBaHHA K. MarHiTy, BUKOHaHHS SIKUX HE
MPU3BOINUTD 10 BUHUKHEHHS TPIIIMH HAa 00pOOIIOBaHOT TOBEPXHI.

Po3poOka TEXHOJOTIYHUX KpUTEPIiB Uil  YHpaBIiHHSA MPOIECOM
oe3nedexTHoro nutidhyBaHHA 3/1MCHIOBaNIaCh Ha 0a31 BCTaHOBJICHUX (DYHKIIIOHAIBHUX
3aB’SI3KIB MDK (D13UKO-MEXaHIYHUMU BJIACTUBOCTSIMU OOpOOJIIOBAaHUX MarepiajiB Ta
OCHOBHHMH TEXHOJIOTIYHIMH MapaMeTpaMHu.

SkicTe 00p0o0IIOBaHUX MOBEPXOHB Oyzie 3a0e3MedeHo, SIKIIO 3a JOTTOMOTOI0
KEPYIOUUX TEXHOJOTIYHUX MapaMeTpiB MiAIOpaTH Takl TEXHOJIOTIYHI YMOBH 00pOOKHU
(peXuMH,  MAaCTUIBHO-OXOJO/KYBaJIbHI ~ CEpEIOBHMINA Ta  XapaKTEPUCTHKU
IHCTPYMEHTY), 110 TTOTOYHI 3HAYEHHS TeMIeparypu NuTi(yBaHHs, TEIJIOBOTO MOTOKY,
HanpyxeHb 1 koedinienTa K¢ He nepeBepuyBaTUMYTh CBOIX TPAHUYHUX 3HAYEHb, TPU
AKUX (OPMYEThCS YTBOPEHHs TpillMH. Ha OCHOBI OTpUMaHUX KpUTEplalbHUX
CHIBBIIHOIIEHb TOOYAOBAHO AJNTOPUTM 3a0€3MEUYEHHSI SKOCTI MOBEPXHEBOTO IIApy
netaneil npu nuridyBaHH] 3 ypaxyBaHHIM MaKCUMaJbHOI MPOAYKTUBHOCTI OOPOOKH.
Ha npuxnani noridhyBaHHS MOCTIMHUX MarHiTiB, CXWJIBHHUX JO TPIIIMHO YTBOPEHHS
pO3B’s3yBajiach 3ajada ONTUMI3AIli yMOB ix Oe3nedextHoi 0OpoOku. JocmimkeHHs
BILJIMBY TONEPEAHIX BUAIB 0OpOOKM Ha MPOIEC TPIIIUHO YTBOPEHHS MPHU HUTIPYBaHHI
BHUCOKO KOEPIIMTUBHUX MArHITIB TPOBOAMJIOCS HAa OCHOBI TaKUX KpPUTEPIiB, sIKi
OJHOYACHO CIIY)KUJM XapaKTEPUCTUKOI0 MEXaHIYHWX BIIACTUBOCTEH Marepialy B
[IJIOMY Ta BioOpakaiu BIUIMB MOPGOJIOTii caMuX CIuiaBiB. Takuil miaxid T03BOJISIE
BHSIBUTH JIOJATKOB1 pPE3EpBU ITIJIBUINCHHS MEXaHIYHHUX BJIACTUBOCTEH MAarHiTiB Ha
KOKHI/ 3 TEXHOJOTTYHUX ONepalliid, 0 NepeayoTh LT (pyBaHHS 1 BCTAHOBUTH BJIACHE

BIUTUB a0Opa3uBHOI OOpOOKM HAa BMHHMKHEHHs TpimmH. [IpoBeneHo aHami3 mpuyuvH



TPIIIMHOYTBOPEHHS TpW TUTiyBaHHI MAarHITO-TBEPJUX CIUIABIB 3aJIeKHO BiJl
XOJly TEXHOJIOTIYHOTO MPOIIECY, HA MEXaHI3M 3apOIKEHHS MIKPOTPIIIMH 1 pO3BUTKY 1X
y MarictpaibHi. BcTaHOBIEHO TakoX BIUIUB MOP(OJIOTii Ta HEMETAJIEBUX BKIIOYCHb
Ha IHTEHCUBHICTH MOSBU NUTI(PyBaTbHUX TPIMIKH. J{JIs I[HOTO OTPUMAHO 3aJIEKHOCTI B
CYKYIHOCTI 3 €KCHEPUMEHTaJIbHUMH JOCIIHKEHHSAMHU, SIKI JO3BOJIUIN TEOPETUUHO
BU3HAUUTU O0OJIACTI MO€AHAHb TEXHOJOTIYHUX MapaMeTpiB, IO 3a0e3MeuyroTh
HEOOX1THY SKiCTh, TOBEPXOHB, IO OOPOOIISIIOTHCSA, 1 MOOYIOBAaHUN aJITOPUTM BHOOPY
UX [apaMeTPiB 3 YMOBU MaKCUMaJIbHOI IPOAYKTUBHOCTI npolecy nutndyBanHs. Jis
PO3pOOKH TEXHOJOTIYHUX KPUTEPIIB 3 YOPABIIHHS IpoiiecoM 0e31epeKTHOTO
nutihyBaHHS BpaxXoByBaJIOCs, IO 1€l mpouec € OararodaktopuuMm. Ha sKicTh
MOBEPXHEBOIO Iapy Mpu NuUliyBaHHI [eTajell BIUIMBAIOTH (P13UKO-MEXaHI4HI
BJIACTUBOCTI MeETaily, IO OOpOONSIEThCS, WOr0 CTPYKTypa, PEKUMH HUTIPYBAHHS 1
XapaKTEepPUCTUKU 1HCTPYMEHTY, YMOBHU TMOINEPEAHbOI OOpPOOKH IMIPETHYIOUUMH
CKJIa/laMU 1THCTPYMEHTY, a TAaKOX XapaKTepucTUKHU 3acTocoByBaHux MOC.

Y Tperbomy po3miii  nepeBipsuilach  €(EKTHUBHICTH  pO3pOOIECHUX
TEXHOJIOTIYHUX KPHUTEPIiB IJisi KepyBaHHS TpolecoM Oe3aedeKTHOro mutidyBaHHA
BHUpPOOIB 13 CKJIaTHO 00poOIIOBaHUX MaTepianiB. JoCaiIKeHO BIUTUB KOHCTPYKTUBHUX
napameTpiB 1HCTPYMEHTY Ha SIKICHMM CTaH pOOOYMX MOBEPXOHb HUTI(YBAIBHHUX
BUpOOIB. BcTaHOBIIEHO, IO 1HTEHCUBHICTH TEIUIOBOTO IMOTOKY BIiJ PIKYUHUX 3€pEH
HUTIQYBAJIILHOTO Kpyra € JOMIHYIOYMM (DaKkTOpoM B TpoOLECi MIKPO pyHHYBaHHS
oOpoOroBaHoi moBepxHi. Ha ¢GopMyBaHHS B MOBEpPXHEBOMY IIapi HANpPYKEeHb BiJl
paaianbHOI Ta TAaHTEHIIAJIEHOT CUJI P13aHHS CYTTEBO BIUIMBAE TEPTS MK aOpa3uBOM 1
oOpoOntoBaHMM MarepianoM. [3 30uTblIeHHSM KoedillieHTa TepTs BiAOyBa€eThCA
MepeMIIIeHHS] MAKCUMAJIBHO HAMPY>KEHOT 30HU JI0 TOBEpXHi 00po0roBanoi nerani. Le
NepeMillleHHs] HaJla€ BIUIMB HAa YTBOPEHHA NUN(POBOYHUX TPIIMH. [3 pexumiB
HnUT(yBaHHS BU3HAYAJIBHOIO B MOSBI HUTI()OBOYHUX TPIIIMH, € MIMOMHA PI3aHHS.
KoedimieHT 1HTEHCHMBHOCTI HANpyXeHb TaKOX 3MIHIOETbCA 31 3MIHOIO IIMOWHU

nutigyBanHs. MacTUIBHO OXOJIOMKYIOUl CEpPEAOBHINA MOHMXKYIOTh TEMIIEpaTypy



nutihyBaHHS, CUJIM TEPTSA MIXK KPyroM 1 oOpoOIrOBaHUM MaTepiajoM, TUM CaMUM
3MEHIIYIOYH IHTEHCUBHICTb TPIIIMHO YTBOPEHHS B IIOBEPXHEBOMY IIIapi.

HaykoBa HOBHM3HA OTpMMaHHX pe3y/brartiB. Po3B's3ana HaykoBa 3ajmada 1o
BCTAHOBJICHHIO PO3PaxXyHKOBHUX 3aJICKHOCTEH, sIKi BU3HAYAIOTh BIUIMB CIIaJJKOEMHHX
nedeKkTiB BiJ TOMEpPEAHIX Omepalidi Ha TPIIUHOCTIMKICTE POOOYMX TMOBEPXOHD
JeTasied 13 MarepianiB, CXWIBHHMX [0 TPIIMIMHO YTBOPEHHS NpU IUTi(yBaHHI,
CTBOPEHHIO ONTHUMAJIbHUX TEXHOJOTIYHMX YMOB iX OOpOOKM 3 ypaxyBaHHSIM
CHaJIKOEMHUX JE€(PEKTIB Ta HEOJHOPIAHOCTEH y moBepxHeBoMy miapi. Okpema yBara
Oyna npuiieHa JeTaasiM 3 KOHIYHOO JOPMOI0, TOMY IO TepMiuHI €(hEeKTH Y KOHIYHHX
MOBEPXHAX MiJ] 4ac PIHIIIHUX ONepalliii HeTOCTaTHLO BUBYCHI.

[Tpu 1boMy OJIE€pKaHi HACTYIIHI HAYKOB1 PE3yJIbTATH:

1. Ynepme  po3pobieHa  mareMaTMyHa  MOJAENb 1O  BU3HAYECHHIO
TEPMOMEXAHIYHOIO CTaHy IpH HUTI(PyBaHHI JeTajel 13 MareplajiB, CXUIbHUX
70 TpiIMHO yTBOpeHHsA. Ha OCHOBI 1i€i moneni BU3Ha4YeH! (yHKIIIOHATIBHI
3B’SI3KM  KPUTEPIiB  TPIIIUHOCTIMHKOCTI 3 KEPYIOUMMH TEXHOJOTTYHUMU
napamMeTpamMu omneparii uoridyBaHHS U1 3aM00IraHHs TPIIIUHO- Ta
CKOJIOyTBOPEHHS Ha 00pOOITIOBAaHUX MTOBEPXHSIX;

2. OTtpuMaB TNOJANBIIMK PO3BUTOK METON HUTIPYBaHHS POOOUYMX MOBEPXOHb
neTasneil 13 MaTepialiB, CXWIbHHUX J0 TPIIIMHO YTBOPEHHS, SIKUIl 3a0e3nedye
HEOOX1IHI TEOMETPHYHI 1 SIKICHI XapaKTePUCTUKU iX pOOOUMX MMOBEPXOHb, 1110
JTIO3BOJIMJIO MIABUIIUTH iX €(DEKTUBHICTh B €KCILTyaTallii;

3. YmockoHajaeHO MOJENb AMHAMIKH MPOIecy NUTiI(PyBaHHS pOOOYUX TTOBEPXOHb
JeTajeil 13 MarepialliB, CXWJIBHHUX JI0 TPIIMIMHO YTBOPEHHS, IO CHPHSIIO
palioHaIbHOMY BHOOPY XapaKTEPUCTUK 1IHCTPYMEHTY, PEXKUMIB IILT1(DyBaHHS
Ta MacCTHJIBHO OXOJIOJDKYIOUMX CEpENOBHIL, AKi 3a0e3MeuyloTh HeoOXiIHY

AKICTh 00pOOIIOBaHUX TTOBEPXOHb.

IIpakTMyHa  WiHHICTB. Ha ocHOBI  mnpoBeoeHUX  TEOPETUYHO-
EKCIIEPUMEHTATILHUX JTOCIIHKEHDb PO3B’si3aHa 3aja4a MiABUIICHHS eKCILTyaTaliifHInX
BJIACTUBOCTEHN BUPOOIB 13 MarepiajiiB, CXUIBHUX JI0 TPIIUHO YTBOPEHHSI 32 PaXyHOK

3MEHILIEHHS Je(DeKTOyTBOpEHHS Ha (IHIIIHUX onepauiax. Po3pobieHo:



1. IlpakTuuHi peKOMEeHallii 10 BUOOPY TEXHOJOTTYHUX YMOB 0OPOOKH JeTajeit
13 MarepiajgiB, CXWJIbHHMX JI0 TPIIIMHO YTBOPEHHA, SIKI 3a0e3MedyrOTh
HEOOX1/IHI MapaMeTpH SIKOCTI iX poOOYNX MOBEPXOHb;

2. BusHaueHo e(ekTHBHI 1HCTPYMEHTH Ui [UIiQyBaHHS JeTalied 13
MaTepiaiB, CXWJIbHUX JO TPIIIMHO YTBOPEHHS, SIKI CYTTEBO 3HUXKYIOTbH
TPIIIMHO YTBOPEHHS Ha X POOOYNX MOBEPXHSIX;

3. Okpemi Marepianu JAucepraliifHoi podoTu BropoBamxkeHi Ha TOB
«XonauHroBa KammnaHist «MiKpoH».

4. Pe3ynpTaT poOOTH BUKOPHUCTOBYIOTHCSI B HaBYAJIbHOMY Ipoleci Kadenp
BUIIOI MAaT€MaTUKU 1 MOJEIIOBAHHS CHUCTEM, LU(PPOBUX TEXHOJIOTIH B
IHKUHIPUHTY, JWHAMIKM MallMH Ta MEXaHIYHOI 1HXKEHepli Ta
aBTOMOOUITEHOTO TPAHCTIOPTY 1 JIOTICTUKHU

Kurouosi caoBa: QinimHi oneparii, ciagkoeMHl 1e()eKTH, MPUITIKH, TPIIUHO

YTBOPEHHSI, MOJIEIIOBAHHS TEPMOMEXAHIYHHUX SIBULI, AKICTh OOPOOJIEHOI MOBEpXHI,
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ABSTRACT

Zaychyk Y.I. Technological methods for providing quality characteristics of the
products from the materials prone to crack occurrence during the final machining
operations.— Qualification scientific work on rights of manuscript.

Dissertation for acquiring Doctor of Philosophy grade by the specialization 131
“Applied mechanics”. — National University «Odeska politechnikay Ministry of
education and science of Ukraine, Odesa, 2024.

Dissertation is dedicated to the developing a theoretical framework and
normative recommendations for implementing technological methods aimed at
significantly reducing defects like burns and cracks during the final machining
operations on the products made from materials prone to the mentioned defects and
which surface layer contains heredity defects of structural or technological origin.

The objectives of this work are twofold: the first involves studying thermo-
mechanical phenomena that shape the quality of the surface layer during the final
machining operations considering the preceding stages of product processing; the
second objective is determining the influence of thermo-mechanical phenomena on
crack occurrence and the appearance of burns based on the quantitative analysis of the
thermal and strained state.

The existing functional connections between technological parameters and
grinding temperature enable the prevention of burns on the processed surfaces of
products which don’t have constructional or technological heterogeneities and their
material doesn’t exhibit significant inhomogeneities. This can be achieved through the
application of appropriate methodologies.

However, the insufficient research of the peculiarities of grinding-induced crack
formation and their progression into main cracks depending on constructional,
technological, and structural heterogeneities of product’s material hinders the
unequivocal use of existing recommendations for preventing these defects.

Therefore, there is the need to investigate the influence of thermo-mechanical
phenomena that accompany final machining operations on products made from

materials with hereditary structural heterogeneities, which are prone to crack



occurrence during these operations. This exploration can lead to the establishment of
technological conditions for high-quality processing of the working surfaces of both
products and materials.

In the introduction choice for the research topic is outlined, also its relevance
is emphasized. The research objectives and the tasks are formulated, and the scientific
novelty and practical significance of the research results are determined. Additionally,
information regarding testing, the research structure and the amount of work are given.

In the first section an analysis of the formation quality characteristics of the
surface layer in products made from materials prone to defect occurrence during the
final machining operations was conducted.

Processes that flow inside the surface layer of the material during machining or
product operation are rather sophisticated. That’s why the consideration of
technological heredity influence during the final machining is required. Hight heat
stress of the diamond-abrasive machining leads to the fact that thermophysics of these
processes is often the dominating factor during the formation of quality characteristics
of the processed surface.

However, relying only on thermal criteria for achieving the required quality of
the working zone of the products is insufficient. Taking into account that materials used
for manufacturing the products have high grade of heterogeneity, we shall expect
significant variations in temperature and deformation distributions in zones of
heterogeneity concentration. These variations, in turn, can lead to development of local
deformations and occurrence of cracks on the working surfaces of the grinded products.

Nowadays the phenomenological approach for studying the reasons of crack
occurrence is prevailing. In the base of this approach sometimes only the cutting forces
are considered, which from our point of view is insufficient. Really, mechanical
interpretation of crack occurrence doesn’t consider the influence of thermal processes
which is the dominating factor during grinding.

Studying the causes of grinding-induced cracks from the positions of structural
and phase transformations which generate corresponding structural stresses with local

character 6(M,t) doesn’t provide the comprehensive understanding of the actual



development of crack-like defects on the processed surface. The point is that structural
and phase transformations (in amounts sufficient for creating destructive structural
stresses) must run at relatively low rates of heating (cooling) over long time periods.
In contrast, grinding is a rapid operation with high rates of heating (approximately 3000
to 50000 grad/s [12]) and cooling. This, in turn, creates the conditions close to thermal
shock during which thermal stress reaches high values.

Furthermore, grinding accompanied by structural transformation, for example,
when contact temperature equals the temperature at which martensite begins to
dissolve, results in emergence of minor tensile structural stresses G5 in contact zone
and compressive stresses Gy 1n rapidly cooling zone. Thermo-mechanical stresses in
these zones significantly surpass oy and are predominantly of the opposite sign.
Therefore structural transformations alone can’t be the sole cause of grinding-induced
cracks formation. Instead, they can contribute to the development of cracks which are
induced under the influence of thermal shock. Moreover, the process of temporal

thermo-mechanical stresses transformation o,., occurs over a duration sufficient for

significant structural and phase changes in surface layer. This, in turn, creates G which
leads to further evolvement into main cracks.

Existing functional connections between technological parameters and grinding
temperature allow for the mitigation of burn defects from surface layers of products
through specialized methods. Such products shall not have constructional and
technological heterogeneities and their material shall not exhibit significant hereditary
inhomogeneities. The research of conditions for increasing quality of processed
surfaces involving the approach of removing crack-like defects implies exploration of
quality connections between technological parameters and physical and mechanical
properties of grinded materials. Existing quantitative connections between stresses and
processing modes are localized and do not reflect broader patterns of the stress-strained
state in the surface layer (depending on technological conditions and properties of
processed materials). Assessment of the strained state of the surfaces is primarily

conducted through numerical methods.



The lack of research of grinding-induced cracks formation process properties
and their evolvement into main cracks (contingent on constructional, technological and
structural heterogeneities of the products) prevents from unequivocal application of
recommendations for eliminating mentioned defects. Main properties and
characteristics of the surface are roughness, microhardness, the magnitude and sign of
internal technological stresses, the presence of inclusions and, other structural
imperfections. These properties depend on types and modes of thermal treating (TT),
thermomechanical processing (TMP), and material machining. They define the
dependency between operational qualities of products and their manufacturing
technology.

The peculiarities of physical and mechanical properties of hard magnetic alloys
of type UNDKT35TS5 (high fragility, low durability, relatively low values of thermal
conductivity and temperature conductivity) bring them to difficult-to-process
materials. Analyzing the manufacturing process of magnets during final grinding
becomes a pivotal stage in optimizing the production of flawless items. This
significance arises from the fact that main defects like cracks and chips tend to appear
primarily during final machining of magnets. To ensure the impeccable production of
steel and alloys prone to cracks and chips occurrence it is imperative to consider their
structural inhomogeneity. The existence of crack-like defects and inclusions explains
that limit values of the thermal flow shall be used to determine operational modes and
instrument characteristics.

The objective of the dissertation research is to propose an approach for
ensuring the required quality in machining of products made from materials prone to
crack occurrence. This approach hinges on a comprehensive exploration of the
technological capabilities of the grinding process, with a specific focus on analyzing
the thermomechanical phenomena and the development of technological criteria for
selecting proper parameters. The implementation of this approach allows a significant
decrease of defects in working surfaces.

To obtain the defined objective we need to implement the following tasks:



6. To develop a mathematical model that describes thermomechanical processes
in the surface layer of products subjected to grinding. These products are made
from materials prone to crack formation. In the modeling process heredity
defects originating from previous machining stages shall be considered.

7. To study the influence of technological heredity from previous machining
stages on cracks and burns formation intensity in the products made from the

materials that are known to be prone to mentioned defects during grinding.

3. To define the criteria for cracks and burns formation and determine the connection between them
and technological factors of grinding process of working surfaces.

4. To develop the preconditions for optimization of the thermomechanical state in the surface layer of
products during grinding. These preconditions shall exclude the possibility for cracks and burns
formation.

5. To study technological possibilities for controlling the quality of the surface layer in products
made from the materials prone to crack formation. And to ensure the geometrical characteristics
required for effective operation of these products.

In the second section we present the theoretical foundations for studying quality
parameters in the processed surfaces of products during final machining. The focus is
made on thermomechanical phenomena that accompanies machining operations. The
peculiarities of quality parameters of working surfaces in conical-shaped products
during grinding are described. A mathematical model of the thermomechanical
processes that follow final machining of conical-shaped products has been built. We
have studied the conditions of defects formation during these processes. These defects
lead to loss of load-bearing capacity of the products during their operation.
Mathematical model adequacy was verified on conical products made from steel
12X2H4BA. Surface layer of these products was subjected to thermal treating. The
analysis of modeling results reveals that the temperature of processed surface increases
when the instrument approaches the region with smaller diameter of the conical
surface. This zone of the conical-shaped product is prone to defect formation during
final machining. That’s why when setting up the machining modes it is crucial to select
them in a way that ensures the temperature in narrow part of the conical product does

not exceed the acceptable values.



In this section we explore the influence of thermomechanical phenomena on
the formation of grinding-induced defects in working surfaces of products made from
hard-to-process materials. Different technological operations are responsible for the
emergence of heredity defects in the surface layer. These defects encompass non-
metallic inclusions, flocks, air pores, microcracks of sedimentary origin (melting),
deformation of crystalline grains, cracks of liquid origin (forging, drawing), coarse
grains, carbide concentrations, chips, surface cracks grids, internal cracks, exfoliation,
burn marks. These defects, being stress concentrators, contribute to cracks formation
during material machining and also during operation of products made from these
materials.

Reducing the number of defective parts during final operations for specific
materials and improving the operational properties of products made from these
materials are crucial objectives for the national economy. Achieving these goals leads
to resource savings, reduced labor expenses, and a decrease in the overall
manufacturing cost of products.

The quality of the surface layer is influenced by thermomechanical
phenomena that accompany final machining. Therefore, the thermal tension of
diamond-abrasive processing serves as main physical and mechanical state indicator.
In order to control product quality during grinding we conducted research to understand
the patterns of thermomechanical state formation in the surface layer considering its
heterogeneity. We investigated high-productivity defect-free grinding of the materials
that are sensitive to crack occurrence, while considering hereditary defects at the limit
modes keeping the balanced state. The mechanism of grinding-induced crack
occurrence was studied based on a developed mathematical model from the positions
of geometrical characteristics influence and physical properties of a-phase and its
orientation with respect to the direction of magnets in high-coercivity state. We also
applied balance conditions for structural components depending on the dominating
factors of grinding process and fracture toughness of K;c magnet. Adhering to these

conditions helps prevent the appearance of cracks in the surface layer.



The development of technological criteria for controlling a defect-free
grinding process was implemented using established functional connections between
physical and mechanical properties of processed materials and primary technological
parameters.

The processed surface quality will be ensured if we adjust technological
parameters to comply with required technological conditions for machining operations.
Such conditions encompass equipment modes, lubricative coolants, and instrument
characteristics. By achieving this we aim to bring the values of current grinding
temperature, thermal flow, stresses, and coefficient K¢ do not exceed their limit values
(where crack initiation begins). We have built the algorithm for providing surface layer
quality during grinding based on the established criterial relationships. Looking at the
examples of grinding of permanent magnets prone to crack formation we solved the
quality optimization problem. The research of preceding machining operations
influence on the process of crack occurrence during grinding of high-coercivity
magnets was conducted using the criteria that served as a mechanical properties
characteristic of material and reflected the morphology of alloys. Such approach
enabled us to find the additional resources for increasing mechanical properties of
magnets during each of technological operations preceding grinding and determine the
influence of abrasive processing on crack formation. We conducted the analysis of
crack occurrence reasons during grinding of hard magnet alloys considering
dependency between manufacturing technology and structural heterogeneity that
accompany technological process and mechanism of microcrack formation and their
development into main cracks. The influence of morphology and non-metallic
inclusions on the intensity of crack formation was also defined. Our findings, combined
with experimental research allowed us to delineate theoretically the areas of
concentrations for technological parameters. They, in turn, provide the required quality
for processed surface and parameter selection algorithm with conditions for maximum
grinding productivity. For developing technological criteria of defect-free grinding we
consider that this is a multifactor process. Physical and mechanical properties of metal

affect the quality of the surface layer. They include metal structure, instrument



characteristics, conditions of the preliminary processing with impregnating compounds
and cutting fluid characteristics.

In the third section we verified the effectiveness of developed technological
criteria for controlling defect-free grinding of hard-to-process. We have studied the
influence of instrument’s constructional parameters on the quality of processed
surfaces during grinding. We have established the fact that thermal flow intensity from
instrument’s cutting grains is the dominating factor during micro destruction of
processed surface. Stress formation in the surface layer from radial and tangential
cutting forces is significantly affected by the friction between abrasive and processed
material. When the friction coefficient ascends, then the displacement of maximum
stressed zone to the surface of processed product happens. This displacement
influences the process of crack formation. Cutting depth is the pivotal factor for
grinding-induced cracks occurrence among the modes of grinding process. Cutting
fluids decrease the temperature of grinding, friction forces between the grinding wheel
and processed material. This also decreases crack formation intensity in the surface
layer.

Science novelty of the obtained results. We have solved the scientific problem
for determining calculational dependencies that define the influence of hereditary
defects from preceding machining operations on crack resistance of working surfaces
of products made from the materials prone to crack formation during grinding. This
solution also implies the creation of optimal technological conditions for processing
with hereditary defects and heterogeneities being considered. Particular emphasis was
placed on products with conical shapes because thermal effects in conical surfaces
during final machining operations are not well studied.

The following scientific results were obtained:

1. The mathematical model for defining thermomechanical state during
grinding of products made from crack-prone materials was developed for
the first time. Using this mathematical model, we determined functional

connections between crack resistance criteria and control of technological



parameters of grinding operation for preventing cracks and chips
appearance in processed surfaces.

2. The method for grinding working surfaces of products made from
materials prone to crack formation has been further refined. This method
guarantees required geometrical and quality characteristics, thereby
enhancing operational effectiveness of products.

3. The dynamic model of the grinding process has been improved for cases
with products made from crack-prone materials. This led to rational
choice of characteristics for instruments, operational modes, cutting fluids
which provide required quality of working surfaces.

The practical value. We have solved the problem of operational properties
improvement for the products made from materials prone to crack occurrence. This

was achieved based on theoretical and experimental research and due to a decrease of
defects emerge during final machining operations.

What was developed:

1. Practical recommendations for selecting technological conditions of
machining of products made from materials prone to cracking. These
recommendations ensure required quality requirements for the working
surfaces.

2. We have delineated effective instruments for grinding products made from
materials prone to cracking that significantly decrease crack formation in
the working surfaces.

3. Particular materials of the dissertation were implemented in “Micron
holding company”.

4. Research results are being used in the educational process of “High
Mathematics and systems modelling”, “Digital technologies in
engineering”, “Machines dynamics and mechanical engineering”, and

“Automobile transport and logistics” departments.
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