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iHcTUTYT 1IMeHi [rops Cikopcekoroy, Kuis, 2021.

B nuceprartiiiniii po6oTi po3po0eHO HAYKOBO-MPAKTUYHI 3aCaiy MiBUILICHHS
napameTpiB SKOCTI Ta POOOTO3AATHOCTI MITUMKIB 13 IIBHAKOPI3ANbHOI CTami 3a
pPaxyHOK BHKOPHUCTAHHSI Ha (PIHIIIHUX €Tamax iX BUTOTOBJIEHHS METOAY MarHiTHO-
abpasuBHoro o0poOnenHss (MAQO). Bu3HaueHO TEXHOJOTIYHI PEXUMU Ta YMOBHU
OoOpoOJIeHHSI MITYMKIB, IO 3a0€3MeuyloTh SKICHE pPIBHOMIpHE Ta MPOJYKTHUBHE
MOJIIPYBaHHS pOOOYUX MOBEPXOHB, POPMYBAHHS MIKPO- Ta MAKPOTE€OMETPIi pi3ajJIbHUX
KPOMOK, BHJIQJICHHS 3aBYCEHOK, MIKPOKOHIIEHTPATOPIB HANpYXeHb Yy BUTIIAII
3aIUPOK, BUPUBIB Marepially, OTPUMAaHUX Ha IMOMEPEHIX OIMepallisix BUTOTOBJICHHS
pi3aJIbHOTO 1HCTPYMEHTY POOOUYMX TMOBEPXHSAX Ta MIJABUIICHHS (PI3MKO-MEXaHIYHUX
BJIACTMBOCTEH MOBEPXHEBUX I1APIB.

Brnepiue po3po0ieHo reoMeTpruuHy Ta MaTeMaTudHy mMojieab MAQO MITYUKIB 3
KyToM Tmipodinro 60° He3anexkHO BiA JAlaMeTpy Ha BepcTatax 3 KUIBIIEBUM
pO3TallyBaHHSAM POOOUYOi 30HM, III0 BPAaXOBYE OCOOJIMBOCTI B3aeMO/I1i 0OpOOIFOBAaHUX
MOBEPXOHb 3 MAarHiTHO-aOpa3uBHUM 1HCTpyMeHTOM (MAI) Ta no3BoJisie BUZHAUUTH
parioHaJIbHI YMOBH OOPOOJICHHS JI POTHO30BAHOTO 3a0€3MeYeHHST MIKpOreoMeTpii
poOoUYMX MOBEPXOHb 1 (PI3UKO-MEXAHIYHUX BJIACTUBOCTEH MOBEPXHEBOrO IIAPY
1HCTpYMEHTY. BCcTaHOBJIEHO 3aKOHOMIPHOCTI BIUIMBY YMOB PO3TalllyBaHHS MITYMKIB B
poOouiii 30HI BepcTtary Ha e(ekTuBHE O0OpOOJIEHHS iX pPOOOYMX MOBEPXOHH 3
ypaxyBaHHSM yTBOPEHHS TIHHOBUX 30H Ta 30H «IEPEKPUBAHH:» 3yOLIMHU MiTYHKA B

npoieci MAO.



Brnepie BcTaHOBIEHO 0CO0JMBOCTI BIUIMBY yMOB MAOQO Ha mNOKa3HHUKH
eKCIUTyaTalliiiHOT CTIMKOCTI, XapakTep 3HOCY POOOYMX IOBEPXOHb MITUHKIB 13
IIBUKOPI3aIbHOT CTaJIi B TAOOPATOPHUX YMOBAX Ta yMOBaX PeaIbHOTO BUPOOHHUIITBA.

Buznaueno BmmB ymoB MAQO Ha MIKPOCTPYKTYIHI XapaKTEPUCTHKH,
MOBEPXHEBY TBEPMAICTh POOOYMX E€JIEMEHTIB 1 Ha 3MiHY TBEPIOCTI IO TIHOWHI
MaTepiaay MITYHKIB.

[IpoananizoBano (QiHIIIHI METOAM OOpPOOJIEHHSA OCBOBOTO  Pi3aJLHOIO
1HCTpyMeHTy. PosrmsHyTo niTepaTypHi pKepena, B SKHX ONUCaHI OCOOIMBOCTI
00pOoOJICHHS MITUHKIB Ta CIIOCOOH MIJBUIICHHS iX POOOTO3/IaTHOCTI.

Po3po6ieHo MeTon po3paxyHKY KUIBKICHOI OIIIHKH Jiid  KBa31cTaOlIbHUX
00’emiB MAI Ha po0OOYl MOBEpPXHI MITYMKIB MiJ 4Yac 00poOieHHs. BusHaueHo
ocobmmBocti nporecy MAO MITYHKIB B poOOYMX 3a30pax KIJIbIEBOIO THUITY B
3aJIE’KHOCTI B 0COOIMBOCTEH 1X 0a3yBaHHs B 30H1 00po0OsieHHs. BeTaHoBIeHO, 110 3a
pe3ybTaTaMH PO3PAaXyHKIB MOYKHA BUKOHYBATH MPOTHO3yBaHHS BipOT1THOTO BILUIUBY
0a3yBaHHS MITYMKIB B poOOUiil 30HI Ha SIKICTh OOpOOJICHHS X POOOYHX MOBEPXOHb.
BuznaueHo, 1110 iHTErpajbHa IHTEHCUBHICTH 00pOOJIECHHS 32 HOPMAJIBHOIO CKJIaJ0BOIO
IV,, Ta TaHTeHIIIaTbHOIO CKJIaJ0BOI0 [V, 301IbIIYIOTHCS PIBHOMIPHO TIPH 301JIbIIICHHI
KyTOBUX IIBHJIKOCTEW JUIsl BCIX BapiaHTIB Oa3yBaHHSA MITYMKIB B poOOYIid 30HI
Bepcrary. I[lokazaHo, 110 MpU KyTax HaXWIy MITYMKIB JI0 TUJIOMIMHM pOOOYOi 30HU
Bepcrary p = 20-60° 00poOIAIOTHCS JIUIIIE TOUKH, OJM3bKI JI0 BEPIIMH, HAa BEPIIMHAX
3yOmiB Ta Ha 3abipHomy koHyci. To6to, MAO witunkiB mpu p = 20-60° €
HEJIOLJIbHUM, TOMY III0 YaCTHHA MOBEPXOHb 3HAXOAUTHCS B 30H1 «IIEPEKPUBAHHS, JI€
BiJICYTHIM akTuUBHUH nporiec B3aemoii 3 MAIL. EdextnBae MAO MITUUKIB IOIITIBHO
BUKOHYBATH 32 YMOB iX po3TamryBaHHs miJ KyToM p = 60-90° mo mmommuu pobodoi
30HU BEPCTATYy.

ExcnepuMeHTalibHl JOCHIKEHHST TPOBOIMIM Ha MiTuukax M12x1,75-6H,
M10x1-6H, M10x1,5-6H, M6x0,75-6H 3 mnpsmumu CTpy>XKKOBUMU KaHaBKaMH,
M10x1,5-6H 3 migrouyBaHHsM mepeaHboi moBepxHi, M10x1,5-6H 3 rBuHTOBUMH

CTPY’KKOBUMH KaHaBKaMH, BUTOTOBJICHUMH 13 MIBUAKOPi3aiabHOi cTaii POMS pizHux



BUPOOHUKIB JIJIs1 HAP13aHHS METPUYHOI P13bOH, SIK1 MIPEJCTABISAIOTh OCHOBHY YaCTHHY
JTAHOT'O IHCTPYMEHTY Ha BUPOOHHUIITBI.

OOpoOneHHsT MITYMKIB BUKOHYBAJIM Ha JIOCIHITHO-TIPOMHCIOBOMY MAarHiTHO-
abpa3WBHOMY BepcCTaTi, BUTOTOBJICHOMY Ha 0a3l BepTUKAIBHO (PPE3epHOIO BEpCTaTy
tuny OLl — DxeBcpk Ta Ha MozaepHizoBaHOMY BepctaTi JID-260 13 creniaabHUMH
TOJIOBKaMH, 5IK1 3a0€31e4yI0Th Pi3Hi BapiaHTH PO3TAIlyBaHHs MITYMKIB B po0O0Uiii 30Hi
Ta PEeKUMU 0OPOOIICHHS.

Hins MAO MITYHKIB BUKOPHUCTOBYBAJIM TOPOUIKM OTPUMaHi METOAOM
nucrepryBanHs posmiaBiB [Toximam-T 3 posmipom 3eper 200/160 mxm, 400/315 MM,
[Tommam-M  400/315 mxm, Ilapamam 630/400 MKM Ta pO3MUJIICHUN MOPOIIOK
mBuAKopizaneHoi ctami [P P6MS 3 3epuuctictio 200/160 mxm. B sxocti MOTC
BukopuctoByBaid ACDOJ], sxuil cKk1aaeTbCsl 3 CHHTETUYHHUX Ta POCIMHHUX Macell.

BumiproBaHHsI MIOPCTKOCTI MOBEPXHI BUKOHYBaJd Ha CHEL[laIbHOMY MOAYJI,
310paHOMY Ha OCHOBI Ipodinomerpa mozen 296 ta npodinorpadi-npoduiomerpi 252.
KoHTpomoBanu BeIMunMHy napaMmeTpy MOpCTKocTi Ra Ha poOounx MOBEpXHAX Ta Ha
XBOCTOBHUKY MITYHKIB.

BusHaueHHs TOBEpXHEBOT TBEPIOCTI poOOYOT YACTUHU MITUMKIB BUKOHYBAJIU Ha
MmikpoTBepAaomMipi [IMT-3 3 pi3HMMH HaBaHTaXEHHSMU Ha I1HACHTOP Ha 3aJHIH
NOBEpXHI 3yOuiB. JlOCHIIPKEHHS MIKPOCTPYKTYpU BHUKOHYBaJIM Ha pPacTpPOBO-
eJIEKTPOHHOMY MiKpockori POM-1061.

BumiproBaHHs ~MIKpOT€OMETPUYHHUX XApAaKTEPUCTUK Pi3aJIbHUX KPOMOK
MITYHKIB BUKOHYBaJK Ha ontudHoMy tipuiaai MikroCAD, sikuii 103BOJIsIE BU3HAYATH
dbopMy Ta BeIMYMHY paJiyCiB OKPYIJIEHHS pi3ajdbHUX KPOMOK B HEOOXITHHX
nepepizax. Jns BuzHaueHHs BBy MAQO Ha TOYHICTH MITYMKIB, KOHTPOJIIOBAJIU
3MIHY 30BHIIIHBOTO JiaMeTpy pi3s0u. BuUMIprOBaHHS TOYHOCTI BUKOHYBaJIM Ha
YCTaHOBII JJIsI PO3MIPHOTO HAJAIITYBaHHS Ta BUMIPIOBAHHS Pi3ajIbHUX 1THCTPYMEHTIB
Venturion 450/6. JlocniKeHHSI CUIIOBUX XapaKTEPUCTUK MPHU €KCIUTyaTalli MITYMKIB
OPOBOAMIM Ha BEPTHUKAIbHO — CBEPAJIMIBHOMY BepCTaTi 13 3acCTOCYBaHHSM
yHIBepcaJibHOTO  guHamomeTpa  YJIM—600, koTpuii  mpHeaHaHO  4Yepe3

y3TOJKYBATBHUM MPUCTPIH 0 €IEKTPOHHO-00YUCITIOBATLHOT MallTuHU. BumiproBaHHs



3HOCY 3YyOIlIB MITYMKA MPOBOJWIM Ha IHCTPYMEHTAJIbHOMY Mikpockoni MMMU-2.
BumiproBanu MakcUMalibHy BEJIIMUMHY 3HOCY MO 3aJHIA MOBEPXHI BIJ Pi3aIbHUX
KpoMoK. [Ipu moCHiIKEeHHSAX EKCIUTyaTalliifiHOi CTIMKOCTI MITYHKIB, 32 KpUTEpid
CTIMKOCTI OyJI0 MPUUHATO 3HOC MO 3aaHIM moBepxHi Ha piBHI 0,3 mm. Came Taka
BEJIMYMHA 3HOCY JOCTaTHS JUIs 3a0e3Me4YeHHs TOYHOCTI Hapi3aHoi pi3bOHu, SKy
KOHTPOJTIOBAIN Pi3b00BOIO KalliOpOM-TIPOOKOIO.

BcranoBneHo, 1mo Halkpamuii pe3ynbTaT YUCTOTH POOOYMX TOBEPXOHBb
OTPUMaHO MarHiTHO-abpaszuBHuM mnopomkoMm [lomimam-T. HopcTkicTs Ha 3aaHIN
noBepxHi 3MeHmmIacs 3 Ra = 0,57 mxm 1o Ra = 0,4 MmxmM, a Ha nepeaHiil MOBEPXHI 3
Ra=0,13 mkm g0 Ra=0,1 Mmkm. MAO mnopomkom Ilomimam-M 400/315 mxMm Ta
[Hapamam 630/400 MKM HE TPU3BOAUTH A0 3MIHHM IMIOPCTKOCTI HA 3aJ(HIA Ta NEPeIHIi
HNOBEPXHIX IHCTPYMEHTY.

JUtst 3MEHIIEHHSI IOPCTKOCTI HAa MEepeHId MOBEpXHI €(PEKTUBHO MPOBOAUTH
0oOpoOJIeHHsI 3 MIHIMAJIbHO JOMYCTHUMHM KYyTOM Haxwily MITYUKIB J0 IUIOLIUHU
poboyoi 30uu p = 60-70°. [Ipu Takux KyTax Oa3zyBaHHSA, IMIOPCTKICTh Ha TMEPEIHIH
MOBEPXHI JTOCHTIDKyBaHUX MiT4uKiB 3MeHIwn 10 Ra = 0,1-0,2 mxm, Ha 3aaHii —110
Ra = 0,5-0,6 mxm. JIj1s1 MaKCHMAaJIbHOTO 3MEHIIIEHHS IIIOPCTKOCT1 Ha 3aIHIX MMOBEPXHAIX
ciig npoBoautd MAO mpu BepTUKAIBbHOMY pO3TallyBaHHI MITYMKIB /10 TUJIOLIMHU
pobouoi 30HM BepcTaTy. B Takomy BUNAIKy HIOPCTKICTh Ha 3aJHIA TMOBEpPXHI
smenmyerbes 10 Ra = 0,1-0,2 Mmxm, Ha mepenniii — no Ra =0,2-0,4 mxm. JloBeneHa
MO>KJIMUBICTh KOHTPOJIbOBAHOI Ta MPOrHO30BAaHOI 3MIHM BEJIMYMHH HIOPCTKOCTI
poOOYMX TOBEPXOHB MITUHMKIB 13 MIBUAKOPi3adbHOI cTasi B mpoieci MAO.

3a pe3ysbTaTamu JOCIKEHb BCTAaHOBIJICHO, 1110 MAO miTuukiB mipu p = 60-70°
cupusie 30UIbIICHHIO BEJIMYMHU PAAlyCiB OKPYIJIEHHS PI3aIbHUX KpOoMOK 10 20-
35 MKM, B pe3yJIbTaTi 40T0 30UIBIIYETHCS MEepio CTIHKOCTI MiTYHKIB. Ha popmyBanHs
BEJIMYMHU PANlyCIB OKPYIJIEHHS pI3aJbHUX KPOMOK CYTTE€BHM BIUIMB Ma€ came
TaHTeHIllaJIbHA CKJIaJIOBA 1HTEHCHUBHOCTI 00poOJsieHHs, ToMmy miciast MAQO 3 kyTtamu
p = 80-90° paxiycu OKpyTJIeHHSI KPOMOK IHCTPYMEHTY Maii’Ke He 3MIHIOIOThCS.

[Ipu MAO 3 panioHaJIbBHUMHU KyTaMH HaXWily MITYMKIB IO TUIOMIMHU poOOYOi

30HU BepcTaty p = 60-90° MoxIIMBE 3MEHIIICHHS TOBEPXHEBOT TBEPAOCTI MITUUKIB 710



10%, 1mo moB’si3aHO 3 BUAAJIECHHAM ACPEKTHOIO IIapy MaTepialy Ta YTBOPEHHSIM
M1IIapOBOT0 MAKCUMYMY.

Bcranosneno, mo micist MAO i moBepxHE 3HAXOAUTHCS 30HA 3 BIITHOCHO
3HMJKEHOI0 MIKPOTBEPJIICTIO, IO TOB’S3aHO 3 BHUXOJOM Ha TMOBEPXHIO B Ipoleci
IIacTUYHOTrO nedopMyBaHHs Ne(deKTiB MaTepially TOHKOTO MOBEPXHEBOIO IIapy Ta
HEBEJIMKUM BIATHUCHEHHSM JApiOHOAMCHEpCHUX KapOigiB BrmbO wMarepiary. B
noBepxHeBoMmy mmapi MityukiB micii MAO nopomkom [lomimam-T 400/315 mkm
YTBOPIOETHCS TIAIMIAPOBUNA MAKCUMyM Ha TmOuHI 8-12 MKM, a micis oOpoOJIeHHS
[Tonimam-T 200/160 MxkM — Ha rauOUHI 2-5 MKM. HasBHICTB MiAIapOBOr0 MaKCUMYyMY
NOB’S13aHO 3 YAapHO-(QPUKIIMHUM BIUIMBOM YaCTUHOK IOPOILIKOBOTO 1HCTPYMEHTY 3
o0poOmoBaHO0 moBepxHer. CTylNiHb HakIely HoBepXHeBoro mapy micis MAO
nopoikoM [Tomimam-T 400/315 mxm nocsrae 37%, a [Tomimam-T 200/160 mxm — 26%,
B TOM Yac K miciis nutiyBaHHS 3a CTAaHAAPTHOIO TexHoorieo — 19%.

[licns MAO kap0OigHi 3epHa B IIBUAKOPI3ANbHIA  CTall MITYUKIB
OAPIOHIOIOTRCS 1T Yac yaapHoi B3aemoii 3 MAI, miaBuIyeThcs iX TUCIIEPCHICTD,
mo crpusie (HOpMyBaHHIO OUIBII OJHOPIAHOI CTPYKTYpH CTajl, MI1JBULIEHHIO
TBEPJIOCT1, 3HOCOCTIMKOCTI. Bennunna kap6iniB B mapi rambuHoro 10 150 MM y
MiTyukiB micigs MAO Ha 25-30% wmenma HiK B HeoOpoOieHux. JpiOH1 aucnepcHi
KapOlay pO3TaIllOBaHl UIUIbHINIE Ta PIBHOMIPHIIIE Miciisi OOpOOJIEHHS MOPOIIKOM
[Tomimam-T 400/315 MKM, 1110 MOKHA TTOSICHUTH O1IBIIIOI0 €HEPTIEI0, SIKA TTePeIa€ThCs
MOBEPXHEBOMY IlIapy MaTepiaiy B Mpollecl yAapHO-(PPUKIIIHHOI B3a€MO/IT YaCTUHOK
MAI 3 06p006I1F0BaHOIO TOBEPXHEIO. 3aTUIIKOBI HAMPYKEHHS Ta 3pOCTAHHS IIUTHHOCTI
JUCJIOKAI[Ii B TMPHUIOBEPXHEBOMY IIapl CHPUYMHIOIOTH TOAPIOHEHHS KapOi/iB
MaTepiany Ha 3Ha4yHIA MIMOWHI BiJ MOBEPXHI OCHOBH Ta 3MEHILEHHS iX PO3MIPIB Ha
10%.

Hoseneno, mo MAO MITUUKIB, MpU NpaBWIbHO MiAIOpaHid TPUBAIOCTI
MPOIIECY, HE MPU3BOJUTH 10 KPUTHUYHOI 3MIHM JiaMeTpiB, 1110 B MPOIIEC] eKCILTyaTallli
MOJK€ TIPU3BECTH 110 OpakyBaHHs JeTaneil. BcTaHOBIEHO, 10 pi3Ke 3MEHIIEHHS
niaMeTpy BiIOyBaeThbCs B mepiii 3-6 XxB 00poOaeHHs. [I[punyrHOI0 BOTO € BUATICHHS

3aBYCEHOK 3 BEPIIHH 3yOIiB Ta Ae(eKTiB Micis nuTiyBaHHS, a TAKOXK 3a0KPYTJICHHS



pI3aJIbHUX KPOMOK 1HCTpyMeHTy. s miTunkiB M12 ta M10 3a nepuri 3-6 x8 MAO
30BHIIIHINA JiaMeTp B cepeHbOMY 3MEHIIMBCS Ha 20 MKM, 11 MITYMKIB M6 — Ha
15 mxm. 3MenmieHHs aiametrpy npu MAO MITYHKIB IHMKIIYHO TOBTOPIOETHCA, IO
MOKHA MOSCHUTH IHMKJIIYHOIO 3MIHOIO (PI3MKO-MEXaHIYHUX BJIACTUBOCTEH TOHKHUX
MOBEPXHEBUX IIapiB MaTepialy IHCTPYMEHTY Ta iX MePioJUYHUM BHUIAJICHHSIM.

MAO MITYUKiB B pe3yJbTaTi MO3UTUBHOTO KOMILJIEKCHOTO BIUIMBY Ha
MIKpPOT€OMETPII0, PaAlyCH OKPYIJICHHS pi3aIbHUX KPOMOK, CTPYKTYpPY Ta TBEPIICTh
MaTepiany po0o4yoi YaCTMHU 1HCTPYMEHTY NPUBOAMTH JO 3MEHIICHHS KPYTHOTO
MOMEHTY IIpH Hapi3aHHi p13s0H y 2 paszu, 3 Mmax = 27 H-m o Mmax = 16 H-wm. Ilicns
MAO y MITUHKIB BIJICYTHE pi3Ke 30UIBIICHHS] CUJI MPU Bpi3aHHI 1HCTPYMEHTY, IO
CYTT€BO BIUIMBA€E HA MIJIBUILEHHS CTIMKOCTI SIK OKpEMHUX 3YOI[IB TaK 1 BCi€l poOOUOi
YaCTUHHU.

[IpoBeneni gocmigxeHHs BIUIMBY MeTogy MAQO MITYMKIB Ha iX CTIHMKICTh
NOKa3aJld, 0 JAaHUU MeToJ (IHIIMIHOrO OOpOOJIEHHS MpU pallOHAIBHUX YMOBax
3abe3reuye MIABHMINEHHS CTiMKOCTI B 2 — 3 pasu. HaiGinpmuii 3HOC 1O 3aJHIM
NOBEPXHI 3a(iKcOBaHO HA 2 Ta 3 3yOLsIX, TOMY II0 BOHHM CHPHUIIMaOTh HanlOUIbILE
HABAHTAKEHHA B Mpolleci HapizaHHs pi3bOu. Haiikpaii pe3ynbratu OTpUMAaHO MpU
MAO 3 BUKOpUCTaHHSIM MarHiTHO-a0pa3uBHOTro nopouky IloniMam-T 3 ockonpyaToOrO
dbopMOI0 YacTMHOK Ta mpu p = 70°, OCKIIBKH MPU TAKOMY PO3TAlllyBaHHI Mailke
BIJICYTHI 30HU «TIEPEKPUBAHHS» 1 BC1 MOBEPXHI MiJIAIOTHCS KOMIUIEKCHOMY BILTUBY
METOTY.

Oinimani Mmeron MAQO 3a0e3nedye 3MEHIICHHS BIPOTITHOCTI TOBHOTO
pYWHYBaHHS MITYMKIB TPH EKCIUTyaTallii OuIbIl HDK y 2 pasu B MOPIBHSHHI 3
HEOOpOOJIEHNMHU, W0 3HMKYE (PIHAHCOBI BUTpPaTH Ha IHCTPYMEHT, OpaKyBaHHS
JeTajneu Ta MiJBUILEHHS MPOYKTUBHOCTI BUPOOHHIITBA.

Pe3ynbTaTi pob0TH MO 3aCTOCYBAHHIO 3AIIPONOHOBAHO1T TEXHOJIOT 1 M1BUILICHHS
SKOCT1 Ta pOOOTO3/IaTHOCTI MITUMKIB 13 IIBUJIKOPI3AJIbHOI CTall OYJI0 BUKOPUCTAHO HA
nignpueMcTBl «I'pyna kommanuii «Bema», 1m0 M03BOJIWIO 3HU3UTH iX BUTpPATH Y
1,5-2 pazu. IIpoBeneHo cHoiabHI JOCHIPKEHHS 1 OTPUMaHHI pe3yjabTaTud poOOTH
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JTI03BOJIUJIO BUKOHYBATH IIPOTHO30BaHe 0OOPOOJICHHS MITYMKIB Ta OTpUMAaTH HEOOX1/IHi
nmapaMeTpu iXx sKocTi. PesynapTatm poOOTH BHpPOBAIKEHO B HABYAIBHUHN IPOIIEC
Kadenpu 1HTErpoBaHMX TEXHOJOTIH MalIMHOOYIyBaHHS MpPH BHUKIAJaHHI Kypcy
«Meronu Ta oOOmamHAHHS JUISL  TIABUIICHHS  MPAme3IaTHOCTI  Pi3ajdbHOTO
THCTPYMEHTY.

KuarouoBi cjoBa: MIiTUMK, MarHiTHO-aOpa3uBHE OOpOOJEHHS, IHTErpaibHA
IHTEHCUBHICTh 0OPOOJIEHHS, IIIOPCTKICTh, TBEPICTh, PAIIyCH OKPYTJIICHHS Pl3aJIbHUX
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Dmytro Tarhan. Improving the quality of high-speed steel taps by magneto-

abrasive machining. Qualification scientific manuscript copyright.

Thesis for the scientific degree of the doctor of philosophy, the field of study
13 — Mechanical engineering, program subject area 133 — Industrial machinery
engineering. National Technical University of Ukraine "lgor Sikorsky Kyiv
Polytechnic Institute”, Kyiv, 2021.

The scientific and practical bases of increase of parameters of quality and
working capacity of high-speed steel (HHS) taps at the final stages of their
manufacturing by magneto-abrasive machining (MAM) were developed in the work.
Technological modes and conditions of taps machining were determined, which
provide high-quality uniform and productive polishing of working surfaces, the
formation of micro- and macrogeometry of cutting edges, removal of burrs,
microconcentrators of stresses in the form of burrs, material defects obtained in
previous operations and improvement of physico-mechanical properties of surface
layers.

Geometric and mathematical models of MAM of taps with a profile angle of 60°
regardless of the diameter were developed for the first time on machines with a circular

arrangement of the working area. Which takes into account the features of the



interaction of the machined surfaces with the magneto-abrasive tool (MAT) and allows
determining the rational machining conditions for the predicted provision of
microgeometry of working surfaces and physico-mechanical properties of the tool
surface layer. Regularities of influence of conditions of the arrangement of taps in a
working zone of the machine on effective machining of their working surfaces taking
into account the formation of "shadow" and "overlapping" zones in MAM process were
established.

The features of the influence of MAM conditions on the indicators of operational
stability, the nature of wear of the working surfaces of HSS taps in laboratory
conditions and the conditions of real production were established for the first time.

The influence of MAM conditions on microstructural characteristics, the surface
hardness of working elements and on change of hardness on the depth of material of
taps were defined.

Finishing methods of machining of the axial cutting tool were analyzed. The
literature sources were considered in which features of machining of taps and ways of
increase of their working capacity were described.

The method for calculating a quantitative estimate of the influence of quasi-
stable volumes of MAT on the working surfaces of taps during machining was
developed. The peculiarities of the MAM process of taps in the circular type working
gaps depending on features of their basing in the working area were defined. Was
established that according to the results of calculations, it is possible to predict the
influence of the taps basing in the working area of the machine on the quality of
machining of their working surfaces. It was determined that the integral machining
intensity for the normal component 1Vn and the tangential component /Vz increase
uniformly with increasing angular velocities for all variants of taps basing in the
working zone of the machine. Only points close to tops, on tops of teeth and a cone are
machined at angles of inclination of taps to the plane of a working zone of the machine
p = 20-60°. MAM of taps is impractical at p = 20-60° because part of the surfaces is in

an "overlapping" area, where there is no active process of interaction with MAT.



Effective MAM of taps should be performed under the conditions of their location at
an angle p = 60-90° to the plane of the working area of the machine.

Experimental research was performed on taps M12x1,75-6H, M10x1-6H,
M10x1,5-6H, M6x0,75-6H with straight chip grooves, M10x1,5-6H with grinded rake
face, M10x1,5-6H with screw chip grooves of various manufacturers. Taps made of
high-speed steel brand "P6M5" for cutting metric threads, which are the main part of
this tool in production.

Machining of taps was performed on an experimental-industrial magneto-
abrasive machine made on the basis of a vertical milling machine type "OL] — IxxeBcbK"
and on an upgraded machine "JI®-260" with special heads that provide different
options for the basing of taps in the working area and machining modes.

The powders Polyam-T with grain sizes of 200/160 um, 400/315 um, Polymam-
M 400/315 pm, Tsaramam 630/400 um and sprayed powder of high-speed steel PR
R6M5 200/160 um were used for MAM of taps. As a lubricating-cooling fluid was
used "ACDOJI", which consist of synthetic and plant oils.

Surface roughness measurements were performed on a profilometer model 296
and profilometer model 252. The value of the roughness parameter Ra on the working
surfaces and the shank of the taps was controlled.

Determination of the surface hardness of the working part of the taps was
performed on a microhardness tester "TIMT-3" with different loads on the indenter on
the flank surface of the teeth. Studies of the microstructure were performed on the
electron microscope "POM-10611".

Measurement of microgeometric characteristics of the cutting edges of the taps
was performed on an optical device MikroCAD, which allows determining the shape
and magnitude of the radius of cutting edges rounding in the required cross sections.
The outer diameter of the thread was controlled to determine the effect of MAM on the
accuracy of the taps. Accuracy measurements were performed on installation for
dimensional adjustment and measurement of cutting tools Venturion 450/6. Research
of power characteristics during tapping was carried out on the vertically-drilling

machine with the use of the universal dynamometer "YIM—600", which is connected



to PC. Measurement of wear of the tap's teeth was performed on an instrumental
microscope "MMMU-2", and the maximum amount of wear on the flank surface from
the cutting edges was measured. In studies of the operational stability of the taps, the
criterion of stability was taken as the wear on the flank surface at the level of 0.3 mm.
This amount of wear is sufficient to ensure the accuracy of the thread cutting, which
was controlled by a thread plug gauge.

The best roughness of working surfaces is obtained by magnetic abrasive powder
Polimam-T. The roughness on the flank surface decreased from Ra = 0.57 um to
Ra = 0.4 um, and on the rake surface from Ra =0.13 uym to Ra = 0.1 yum. MAM with
powder Polyam-M 400/315 ym and Tsaram 630/400 um does not change the
roughness on the flank and rake surfaces of the tool.

To reduce the roughness on the rake surface it is effective to carry out machining
with the minimum allowable inclination angle of the taps to the plane of the working
area p = 60-70°. At such basing angles, the roughness on the rake surface of the studied
taps was reduced to Ra=0.1-0.2 um, on the flank to Ra =0.5-0.6 um. For the
maximum reduction of roughness on flank surfaces, it is necessary to carry out MAM
at the vertical arrangement of taps to the plane of a working zone of the machine. In
this case, the roughness on the flank surface decreases to Ra = 0.1-0.2 um, on the rake
— to Ra=0.2-0.4 um. The possibility of controlled and predicted changing of the
roughness of the working surfaces of HSS taps in the MAM process was proved.

According to the results of the research was established that MAM of the taps at
p = 60 70° increases the value of the radius of cutting edge rounding to 20-35 pum. The
tangential component of the integrated machining intensity has a significant effect on
the formation of the value of the radius of cutting edge rounding, so after MAM with
angles p = 80-90° the radius of cutting edge rounding of the tool almost do not change.

At MAM with angles of inclination of taps to the plane of a working zone of the
machine p = 60-90° reduction of surface hardness of taps to 10% is possible. This is
due to the removal of the defective layer of material and the formation of a sublayer

maximum.



It is established that after MAM there is a zone with relatively reduced
microhardness under the surface. This is due to the rising on the surface during the
process of plastic deformation of the defects of the material of the thin surface layer
and a small displacement of fine carbides into the material. In the surface layer of the
taps after MAM with powder Polimam-T 400/315 pm, a sublayer maximum is formed
at a depth of 8-12 um, and after machining with Polimam-T 200/160 um — at a depth
of 2-5 um. The presence of the sublayer maximum is associated with the impact-
friction effect of the powder tool particles with the machined surface. The degree of
hardening of the surface layer after MAM with powder Polimam-T 400/315 um
reaches 37%, and Polimam-T 200/160 um — 26%, while after grinding by standard
technology - 19%.

After MAM carbide grains in high-speed steel of taps are crushed after MAM
during impact interaction with MAT. This contributes to the formation of the more
homogeneous structure, increase hardness and wear resistance. The size of carbides in
the layer up to 150 pum deep in taps after MAM is 25-30% less than in untreated. Fine
dispersed carbides are located denser and more evenly after machining with Polimam-
T 400/315 um powder. This can be explained by the higher energy transmitted to the
surface layer of the material in the process of shock-friction interaction of MAT
particles with the treated surface. Residual stresses and an increase in the density of
dislocations in the near-surface layer cause the breaking of carbides of the material at
a considerable depth from the surface of the base and a decrease in their size by 10%.

MAM of taps at the right duration of the process does not lead to a critical change
of diameters, which during operation can lead to a defective of parts. A sharp decrease
in diameter occurs in the first 3-6 minutes of machining. The reason for this is the
removal of burrs from the tops of the teeth and defects after grinding, as well as the
rounding of the cutting edges of the tool. Outer diameter decreased by an average of
20 pm for M12 and M 10 taps and of 15 pm for M6 taps for the first 3-6 min of MAM.
The decrease in the diameter of taps is repeated cyclically, which can be explained by
the cyclic change of the physico-mechanical properties of the thin surface layers of the

tool material and their periodic removal.



MAM of the taps reduces the torque in 2 times, from Mmax =27 N-m to
Mmax = 16 N-m as a result of a positive complex effect on the microgeometry, radiuses
of cutting edge rounding, structure and hardness of the material of the working part of
the tool. The taps do not have a sharp increase in forces after MAM, which significantly
affects the stability of both individual teeth and all working part.

Studies of the effect of method of MAM the taps on their durability showed, that
this method of finishing provides at rational conditions an increase the durability in 2-
3 times. The greatest wear on the flank surface is recorded on the 2nd and 3rd teeth
because they receive the greatest load in the process of tapping. The best results were
obtained after MAM by using Polymam-T powder with the splintered shape of grains
at p = 70°. At such an arrangement there are almost no zones of "overlapping" and all
surfaces are exposed to the complex influence of a method.

The finishing method MAM reduces the probability of complete failure of the
taps during operation by more than 2 times compared to the not machined, which
reduces the financial cost of the tool, the defective of parts and increase productivity.

The results of the work on the application of the proposed technology to improve
the quality and efficiency of HSS taps were used at the enterprise "Group of the
companies "VEDA", which reduced of taps costs by 1.5 to 2 times. Joint research was
carried out and the obtained results were used at ZOM Oberflachenbearbeitung GmbH,
Germany, which allowed to perform the predicted machining of the taps and obtain the
necessary parameters of their quality. The results of the work were introduced into the
educational process of the department of integrated technologies of mechanical
engineering in teaching the course "Methods and equipment to improve the efficiency
of the cutting tool".

Keywords: tap, magneto-abrasive machining, integral intensity of machining,
roughness, hardness, radiuses of cutting edges rounding, durability, stability,

efficiency.
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