ISSN 2706-5847 Ne 1.(93) 2024

DOI: https://doi.org/10.26642/ten-2024-1(93)-45-51
YK 621.914.22
I''M. BuroBcbkuid, K.T.H., 1pod.
M.M. Iliucak, acmipanT
JI.E. I'nem0oubKa, K.T.H., 101,
A.B. T'oy00BcbKHIl, acTlipaHT
Heporcasnuii ynigepcumem «Kumomupcoka noaimexixay»

YaockoHa/leHHsI KOHCTPYKIIT TOpPUEBOi cTynmiH4YacToi (ppe3u 1uis PiHinmHoT 00podku
IUIOCKHMX MOBEPXOHDb JeTajiel

Akicmb 06pobaio6anux nosepxonb oemaineti 3aieHcCums 6i0 KineMamuku npoyecy pi3anis, pelcumy
00pOOKU, KOHCIMPYKMUBHUX MA 2€0MEMPULHUX NAPAMEmpI8 pi3anbHo20 iHcmpymenma mowjo. Bioomi
KOHCMPYKYii mopyesux ¢ppes, OCHAueHux Haomeepoumu mamepianamu, 015 QiHIuHOT 00poOKU NIOWUH,
BUSHAYEHO peXCuMU iX eKCHayamayii ma Moxicaugocmi 3abesneyeHHs HeoOXIOHOI Axocmi 0OpoOKu.
3acmocysanna cmyninuacmux mopyesux gpes, Ha iOMIHY 8i0 36unalHUX KOHCMPYKYIl hpe3, 003805€
3abesneuumu  @popmysanna 00poONeHOI NOBEpXHI PI3ANbHUM eNeMeHmOM, AKUli po3miujenui y
PAOiabHOMY HANPAME HA HAUMEHWIU 8i0CMAaHi 8I0 0OCi (hpesu, a 6 0Cb0BOMY — 3 HAUDLILULUM GUILOMOM
gioHocHO mopysa kopnyca @pe3u. Ilpu yvomy ocobnugy yeazy HeOOXiOHO Npudinamu NUMAHHAM
cmabinizayii nOA0HCEHHS HOPMOYMBOPIOIOH020 PI3AIbHO20 eleMeHmMA I NAUEY CUJL PI3AHHSL HA NPYICHUU
BIOMUCK IHCIPYMEHMY 8I0 NOBEPXHI 3A20MOBKIL.

Y pobomi aemopamu posensmymo npoyec mopyegozo  CMYRiHYACMO20  (hpe3epyBaHHs
KOHCMPYKYIUHUX Mamepianie 00H03y00r0 ma 6azamo3ydor mopyesod CMyniHuYacmow @pesown 3
NPYUCHUM NEPeMIeHHAM DOPMOYMBOPIOIOU020 HONCA MA 3 JCOPCMKUM U020 3AKPINAEHHAM.
YV pesynomami nposedenux docnioscens yOOCcKoHaneHoi KoHCmpyKyii mopyegoi cmyninuacmoi gppesu 6y10
BCMAHOBIEHO, WO NPYICHE 3AKPINIEHHA OPMOYMBOPIOIOU020 PI3ANbHO20 eleMeHma, KUl 6a3yemucs
BIOHOCHO HEPYXOMO 3aKpINieHo20 Ha KOpNyci eepcmama Komipi, 00360.51€ GUKTIOUUMU nepeoayy
Odeghopmayiiit kopnycy @pesu nid uac pi3aHHs UYOPHOSUMU DPI3AnbHUMU elemenmamu. Lle Oossonse
CMabinizyeamu NONOHCEHHS POPMOYMEOPIOIOU020 Pi3ATbHO20 eNeMeHma Ma i30108aMmu 1020 6i0 8NIUEY
CKa0060i cunu pizannsa Py, aka eunuxae na nonepeoHix YOpHOGUX PI3aNbHUX eleMeHmax ma Mae 3MiHHY
senUUUHY Ha OLIAHKAX OV2uU KOHMAKMY OPMOYMEOPIOI0H020 PI3AIbHO20 eleMenma 3 3a20Mo8Koi0.

3anpononosano yo0ockonaneny KOHCMPYKYilo CMyninyacmoi mopyeeoi ¢hpesu 3 BUKOHAHHAM
NPYACHO20 KOHMAKMY OPMOYMBOPIOIOHO20 Pi3ANbHO20 eeMeHma 3 HePYXOMO 3AKPINIEHUM HA KOPHYCI
sepcmama konipom. Ompumani pe3yromamu 00CALIOHCeHHs NIOMEEPONCYIOMb MONCIUBOCHIE NIOBUUYEHHS
AKOCMI WLIAXOM DO3POOKU HOBUX KOHCMPYKYill (pe3, Akl 6 3abe3neyyganu HeoOXIOHI NOKAZHUKU
MIKpOo2eomempii 06poOIeHUX NOBEPXOHD.

Kniouosi cnoea: mopyese ¢hpesepysannsa; mopyesa @pesza; KOCOKyMHe pi3aHHA, CMYNIHYACMI
@pe3u; ounamira (peszepysanHsi.

IMocTtanoBka mpodaemu. CydacHi MallMHU € CKJIaJHUMU MEXaHIYHUMH CHCTEMaMH, sIKi CKJIaIaloThCs 3
BEJIMKOI KUTBKOCTI BY3JiB Ta Aetaneid. s HopmambHOTO iX (DYHKITIOHYBaHHS KOXKHA JeTajb IMOBHHHA MAaTH
HEOOXiZJHY TOYHICTH pO3MIpiB, TE€OMETPHYHY (OpMy, IIOPCTKICTH Ta (i3UKO-MEXaHi4HI BIACTHUBOCTI
MOBEPXHEBOTr0 LIapy. BUKOPHCTaHHS HEONTUMAJIBHUX TEXHOJOTIYHUX IPOILECIB BEJE /0 MiJBUILEHOTO 3HOCY
JIeTajel, CKOPOUCHHS TePMiHY IX eKCIUTyaTarlii Ta mepeI4acHoro pyiHHyBaHHS TOIIO.

[Ipouec GpopMOyTBOpEHHSI MOBEPXOHD JIETAJICH € MPOLECOM IIOCIiIOBHOTO ab0 Oe3mepepBHOrO 3aHypPEHHS
pi3ayIbHOT YaCTHHU IHCTPYMEHTY y MaTepiall 3arOTOBKH Ta 3pi3aHHs HOro y BUIIISLAL cTpyXKH. DPopma 06pobieHot
MOBEPXHI JIeTalli 3yMOBIIIOETHCS (POPMOIO Ta TEOMETPUYHUMH MTapaMeTpaMH pi3aJIbHUX KPOMOK IHCTPYMEHTY Ta
BIITHOCHHMH pyXaMH iHCTpyMEHTa 1 3aroToBkH. Po3risiHyTHi nporiec ¢popMoyTBOpeHHsI 00po0OiieHoi moBepxHi
JIeTalli YCKJIQJHIOETHCS CYITyTHIMH SIBUIIAMU. JieopMalisiMi 3arOTOBKH, IHCTPYMEHTY Ta €JIEMEHTIB BepcTaTa.
Bennunna 1ux nedopmaiii 3aeKUTh Bil IPOCTOPOBOT )KOPCTKOCTI MPY’KHOT TEXHOJIOTIYHOT CUCTEMH, TOOTO BiJ
¢opMu Ta po3MipiB 3arOTOBKH, AeTali, KOHCTPYKIii iHCTPYMEHTY Ta BepcraTa. BogHowac, moTpiOHO Takox
BPaxOBYBAaTH BILJIMB TOYHOCTI BUTOTOBJICHHS Ta BCTAHOBJICHHS IHCTPYMEHTA Ha BepCTaTi, MOXUOKK Oa3yBaHHS Ta
3aKpilUICHHSI 3arOTOBOK, TOYHICTH BUMIPIOBaHb y Mpolieci 00poOKH, HANAIITYBaHHS Ha po3mip Tomio [Omudka!
HCTOYHHUK CCHUIKH He HaiiaeH.—3].

Bukonani ekcriepuMeHTaIbHI JOCTIDKEHHS BUSBWIA BUCOKY €(DEKTHBHICTh 3aCTOCYBAaHHS (hpe3 JAiaMeTpoM
Bix 125 o 500 MM npu 0OpoO11l YaByHIB Ta 3arapTOBaHUX CTaJIEH, sKi MiATBEPUIM BUCOKY NPOAYKTHBHICT Ta
SKiCTh 00po06JsieHoT moBepxHi [4—7]. PazoM 3 TuM mojaibliie BIOCKOHAJIEHHS KOHCTPYKIIN TOpLEBHX (pe3
BEJIMKHUX JiaMeTpiB MoTpedye Morin0iIeHoro BUBYCHHS AMHAMIKHU Tpoliecy (gpe3epyBaHHs. BUBUEHHS qUHAMIKH
npouecy ¢pe3epyBaHHs YCKIAIHIOETHCS THM, IO METajJooOpoOHe oOJagHaHHS HANEKHUTh N0 CKIIaJHHX
JUHAMIYHUX CHCTEM, OCHOBHI €JIEMEHTH 5IKOi (BEpCTaT, pi3ajbHUI IHCTPYMEHT, 3aroToBKa) nepeOyBaloTh Y
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Texniuna inswcenepis

OesnepepBHiil B3aeMojil Ta B3aeMOBIUIMBI. B3aeMonist IIMX eNeMEHTIB CYNPOBOKYETbCS [I€I0 BHCOKHX
JIOKaJbHHUX TEMIIEPaTyp, TUCKIB, IO € MPUYMHOI0 IHTCHCHBHOTO 3HOCY 1 MOJANBIIOT0 pyHHYBaHHS HaiicinaOmioi
JIaHKY — pi3ambHOTO iHCTpyMeHTy. [1ix qac 06poOKH pizaibHi €lEeMEHTH TOPIIEBOI (Hpe3n BXOAATH / BUXOISITH i3
30HU pi3aHHA Ta BUKIMKAIOTH HEPIBHOMipHE CHJIOBE HABaHTAKEHHS Ha TEXHOJOT1UHY cuctemy. [1in miero mux cut
BUHUKAIOTH MPYXHI Iedopmarii Kopmycy ¢ppesH, o IpU3BOAUTH J0 OCHOBUX IEPEMIlIeHb Pi3ajJbHAX CIIEMEHTIB,
mo OepyThb y4acTh y pi3aHHi. lle mpU3BOAWTH 1O HEPIBHOMIPHOCTI PO3MONUTY IMPHUITYCKY MK pi3aJbHUMHA
eNICMEHTAMH, BIOXWICHHS Bill IUIONMIMHHOCTI, 30iMBIIEHHS mOpCTKOCTi 06poOku Tomo [8-12]. Hwuskoro
nocmimkens [4, 13-15] miaTBepiKeHO, MO TMiABHMIIEHHS JAMHAMIYHOI JKOPCTKOCTI CHCTEMH «BEpCTaT —
IHCTPYMEHT» JI03BOJIIE OTPUMYBAaTH HEOOXIiIHI TEXHOJIOTiYHI MapaMeTpu OOpOOKM IUIOCKMX MOBEPXOHb 3a
TOYHICTIO Ta IHIIUMH XapaKTePUCTHKAMH SKOCTiI OOPOOKH.

Takum ymHOM, mix yac (popMyBaHHS 0OpOOIIEHOT MMOBEPXHI JETajJi OCHOBHHMU INpOIEC HE BiNOyBaeThcs B
YHUCTOMY BUIJIAI, @ CYNPOBODKYETHCS PI3SHUMH IOOIYHUMH SIBHIIAMH, 1 TUIBKM B PE3yJbTaTi iX B3aeMOAil
BHU3HAYAEThCA peanbHa (Gopma IeTaji, IO YTBOPIOETBCSA Tpu o0polOui moBepxHi. BuBumtum meit mpomec 3
ypaxyBaHHSIM yCiX OTHOYACHO AiF0UNX (paKTOPiB Ta IXHFOTO B3a€MHOTO BIUTUBY BaXkKKO. TakuM YHHOM, KOHTPOJIb
TUHAMIYHOI TIOBEMIHKH TEXHOJOTIYHOI CHCTEMH Ta pPO3poOKa IHCTPYMEHTIB IS 3a0e3meueHHs HeoOXiTHHMX
SKICHUX XapaKTEPUCTHK 0OPOOKH € BasKITMBUM 1 aKTyaJIbHUM HAYKOBO-TIPAaKTHYHUM 3aBJIaHHSAM, BUPILICHHS SKOTO
1 BU3HAYHJIO HAIIPSM NPOBEICHUX aBTOPaMH JOCIIKEHb, Pe3yJIbTaTh SKUX BHKIAACHO B Il CTaTTi.

Mera — JOCTIAWTH BIUIMB OCHOBHX CKIANOBUX CHJIM pi3aHHA Py mpm omHOo3yOoMy Ta OGaratozybomy
(pe3epyBaHHI TOPLEBUMHU CTYIIHYACTUMHU (pe3aMy, IO OCHAIIEHI HAJTBEPAUMH MaTepialaMH, Ha XapakTep
NPY>KHHUX BIATUCKIB (DOPMOYTBOPIOIOYHX pi3aibHUX €IEMEHTIB (pe3 y HampsiMi HOpMaJIbHOMY O 00po0iroBaHOT
MIOBEPXHI 3arOTOBKH Ta OOIPYHTYBaTH 3alPOIIOHOBAHI PIllIEHHS MO0 YJOCKOHAJICHHS KOHCTPYKLIM TOpLEBUX
¢dpe3 s ¢GiHimHOT 00pOOKH neTamei.

IMocranoBka 3aBOaHHsi. YMOBH MOJENIOBaHHA: KOCOKYTHE TOpLEBe (pe3epyBaHHS CIporo 4YaByHY
CU21 (170HB) Ta Byriaenesoi cram Y8 (46HRC) oaHo3y00t0 i 6arato3y0oro CTYmiHIacTO (Hpe30to JiaMeTpoM
360 MM 3 )KOPCTKMM 3aKpilUIEHHAM (OPMOYTBOPIOIOYOrO Pi3abHOIO SJIEMEHTAa Ta CHPOEKTOBAHOIO (Gpe3oro 3
MPYKHAM 3aKpIiIUNIEHHSIM (OPMOYTBOPIOIOYOTO pizaibHOT0 ermeMenTa (puc. 1). Po3rimsHyTH KOHCTpYKIiHHI
ocobmMBOCTI (pe3, OCHAIICHWX pi3albHAMH €JIEMCHTAMH 13 HAATBEPAWX MarepialliB, 3 BHKOPHUCTAHHAM
CHIPaNbHO-CTYMIHYaCTOrO0 PO3TAlIyBaHHA. [HCTpyMEeHTanbHHH Matepianm — TrekcaHiT-P. 3HaueHHS 0OCbhOBOI
CKJIa0BO1 cmud pi3aHHsA Py Oyimu BEMIpsHI MiJ Yac eKCIIEpUMEHTaJbHHUX JOCITIHKEHb OTHO3yOOI TOPIIEBOIO
(hpe30oro Ta BHKOHAHOTO MOPIBHSUTEHOTO KOMIT FOTEPHOTO MozenoBaHHs [16, 17]. OTpuMaHi 3HaUeHHS CHJI pi3aHHS
OyJiM BUKOpHUCTaHI JJIsl IPOBECHHS PO3PaxXyHKY 3 BUKOPUCTaHHSM IIPOrPaMHOro 3abe3nedeHHs ANsys.

Puc. 1. Koncmpykuyis ¢ppesu 3 pyxomum pizanvhum enemenmonm (1 — xopnye ¢pesu; 2 — pyxomuil pizanvhuil
enemenm,; 3 — konip, 4 — eepcmam; 5 — nepyxoma wacmuna eéepcmama, 6 — wnunoeis)

AHani3 onmyOJiKOBaHHX POOIT Ta MPOBEACHUX MOCIHIIKEHb MOKa3ye, IO CHIW pizaHHS Py, Aki mif0Th Ha
YOPHOBI pi3aJibHI €JIEMEHTH, BUKIIMKAIOTh Jedopmanii koprycy (hpes3n Ta npy>KHUH BIATUCK (POPMOYTBOPIOIOYOTO
pi3ayIbHOTO eJIeMEeHTa BiJl TOBEPXHi 3aroToBkH. CyMapHa BeIMYKHA BIATUCKIB 3aJI€)KUTh Bijl 3HAYCHHS CKIAI0OBUX
cui pizaHHs Py, siki AilOTh Ha YOPHOBI pi3abHI €JIEMEHTH Ta Ha YHCTOBUH (DOPMOYTBOPIOIOUMH pi3aibHUM
enemeHnt [18, 19]. Pisnuus BiaTuckiB (HOpMOYTBOPIOIOYOTrO Pi3aJbHOIO €IEMEHTA BiJl MOBEPXHi 3arOTOBKH IS
npoueciB 0jH03y0Ooro Ta GaraTo3y6oro pizaHHs rnpu 00po61i ciporo yasyny CU21 (170HB) Ta Byrneuesoi crani
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Y8 (46HRC) cBimuath mpo BIUMB jaedopMarid xoprmycy ¢pe3u mix Yac pi3aHHS YOPHOBMMH Di3ajbHUMHU
elIeMEHTaMH Ha TIepEMIIIIEHHs Pi3abHOTO eIeMEHTa, o (OPMOYTBOPIOE 00pobiteHy moBepxHio (puc. 2) [19].
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Puc. 2. IIpyacni siomucku [19] popmoymeoproiouozo pizansrozo eremenma 8io 06podi08anol nosepxui
3a20mosKu npu QIHIWHOMY mopyesomy pesepy8anui 00H03yY0010 ma b6aeamo3yoor gpesoro.
a) cipozo uasyny C421; 6) syeneyesoi cmani Y8

Ha ocHOBI mpoBeneHHWX MAOCHIIKEHb OylnO BCTaHOBJEHO, LI0 IPU 0araToCTyIiHYaCTOMY TOPLIEBOMY
(hpesepyBaHHI CTBOPEHHS KOHCTPYKIII TOPIEBOi (pe3d 3 BiJOKPEMIICHHSAM (DOPMOYTBOPIOIOYOTO Pi3albHOTO
€JIEMEHTA BiJ KOPITyCY (PPE3H JTO3BOJIUTH 3HAYHO 3MCHIIIMTH BILIMB CHJIM Pi3aHHs Py Ha MPY>KHUIA BiITUCK Pi3aIbHOTO
CJIEMEHTA, 1110 (hopMye 00pOOIICHY TOBEPXHIO 3arO0TOBKH. [IpH 11bOMY CTBOPIOETHCSI MOXKIIUBICTD 3HATTS MiABUIIICHUX
MPHITYCKIB YOPHOBUMH Pi3ajbHUMH €IEMEHTaMH Ta 3a0e3IeueHHs! CTa0lJIbHOTO MOJI0KEHHSI YUCTOBOTO Pi3alIbHOTO
enmemenTa. KoHCTpyKilis (pe3un Mmae mependadatd >KOPCTKE 3aKPIIUICHHS YOPHOBUX pI3aJibHUX EJIEMEHTIB Ta
HE3aJIeKHE PyXOME MEPEMILEHHs] YUCTOBOTO PI3abHOIO elieMeHTa 3 0a3yBaHHSIM BiJJHOCHO HEPYXOMOi YaCTUHHU
Bepcrara. CripoeKTOBaHa KOHCTPYKIIisl JO3BOJIMTh. BPAaXyBaTH KOJMBAHHS CHJI Pi3aHHS I1iJ1 Yac BPi3aHH: Ta BUXOAY 13
30HU Pi3aHHA pi3aIbHAX €IEMEHTIB; 3MiHHICTh CHJI pi3aHHS 32 HETIOCTIHHIMU TTapaMeTpaMu 3pi3y 3a Jyrol0 KOHTaKTy
TpHu TOpIIeBOMY (ppe3epyBaHHI; KOJMBaHHS MIUPUHY (ppe3epyBaHHs ITPU Bpi3aHHI Ta MPU BUXO1 (Ppe3n i3 KOHTAKTy
i3 3aroToBKOK TOWIO. Lle 703BONMMTE 3a0e3MeYnT Mpolec pi3aHHs (OPMOYTBOPIOIOYHMM Pi3aJbHUM €JIEMEHTOM 3i
CTa0UIBPHIAM TIPUITYCKOM Ta i30JIF0BAaTH YMCTOBUH Pi3aIbHHI €IEMEHT BiJI MiIBHUIICHUX AedopMalliil Kopirycy Gppes3u.

Bonnodac, po3po0ieHa HOBa KOHCTPYKILisl TOPLEBOI cTymiHYacTol (ppe3u moTpedye MmoJanbIInX JOCTiHKEHb
JUTSL KPaIoro po3yMiHHS AeopMaLiii Mpy>KHOr0 YUCTOBOIO Pi3aIbHOrO €IEMEHTA BiIHOCHO IITMHIENS BEpCTaTa,
BIUIMBY CHJI pi3aHHs Py, 1[0 BUHHKAIOTh HAa YOPHOBHX Di3aJIbHUX €JIEMEHTax Ta Aedopmarliidl Kopruycy ¢hpesu.
J1ist npoBeieH s TaKUX JAOCIIKEeHb 0yJ10 00YA0BaHO JBi 3/ MOJIeI CTYIHYACTOT TOPLEBOT (pe3u — 3 )KOPCTKUM
3aKpIIICHHSIM Pi3aJIbHUX EJIEMEHTIB Ta CIIPOEKTOBAHOI KOHCTPYKIIi, sIKi 300paskeHi Ha (puc. 1 a, 6). Pesynbratn
MPOBEICHUX JIOCHIPKEHb HABEJICHO Ha PUCYHKY 3.
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Puc. 3. Ilopisnannsa ocvbo8ux 8i0muckie popmoymeopioiouozo pizanbHo2o enemeHma o Qpesu 3 HOPCmKUM
3AKPINIEeHHAM PI3ATbHUX efleMeHmi8 ma CNpOEKMOBAHOI KOHCMpPYKYii ¢ppesu npu giniunomy mopyegomy
@pesepysanni cipozo wasyny CH21: a) oonosybor ¢pesor; 6) bacamosyboio gpe3oro

3 OoTpEMaHUX Pe3ybTAaTiB KOMI IOTEPHOTO MOJEITFOBAHHSA TIporecy Gpe3epyBaHHS 0HO3YOOI0 Ta OaraTto3y0oro
CTYTIIHYACTOIO Ppe3oro (puc. 3) BUITHO, IO BITTHCKA (POPMOYTBOPIOIOYOTO Pi3aIbHOTO eJIEMEHTA CIIPOEKTOBAHOI (hpe3u
B 06po0IIOBaHOI TIOBEPXHI 3arOTOBKM 3HAYHO MEHIIII Ta CTAHOBIIATH: UL OqHO3Y001 0,245 MKM, st 6araTo3yodoi
(pe3u 0,287 MKM BiAMOBITHO. AHAIOTIYHI PO3paxyHKH AUHAMIKH Tporiecy (hpe3epyBaHH: Oyiy BUKOHAHI 151 0OpOOKH
ByrieneBoi cram Y8 (46HRC). Pesynbraty nociiukeHs HaBeJeHO Ha PUCYHKY 4 &, 0.
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2-6araTo3yba (hpesa 3 KOPCTKIM 3aKPIIICHHIM
pi3adbHIX eJIeMeHTiB

2-oxH03y6a (hpesa 3 KOPCTKIM 3aKpilIeHHIM pi3aIbHOTr
eleMeHTa

a) 0)
Puc. 4. opiensnns 0cbo8ux i0MUCKI6 hOpMOYmMEOPIOIOY020 PI3anbHO20 eleMeHma Oiist hpe3u 3 HCOPCMKUM
BAKPINICHHAM PI3AIbHUX eIeMEHMI8 Ma CNPOEKMOBAHOI KOHCMPYKYIT ¢ppesu npu Qiniunomy mopyesomy
@pesepysanni gyeneyesoi cmani Y8 (46HRC): a) 00no3y60io gpesoio; 6) 6acamosyboio ¢peszoio

3 rpadikiB (puc. 4 a, 6) BUIHO, 10 BIATUCKHA (POPMOYTBOPIOIOUOTO Pi3aIbHOIO €JIEMEHTa CIPOEKTOBAHOT
TOPIIEBOI (ppe3u Big 00po0IFOBAHOT TOBEPXHI 3ar0TOBKH 3HAYHO MEHIII Ta CTAHOBJISITh: IS 0,1H03y001 0,278 MKM,
st Oararo3y6oi ¢pesn 0,339 MM BimmoBigHO. BinTrck (GoOpMOYTBOPIOIOUOTO Pi3abHOTO €IEMEHTa IIiJ Yac
OaraTto3y0Ooro (pe3epyBaHHS MOSICHIOETHCS BIDTMBOM CHIJI pi3aHHS Py, sKi BHHHKAIOTh Ha YOPHOBUX Pi3albHUX
eleMeHTax 1 BIUIMBAlOTh Ha NPYKHUH BIOTHCK (HOPMOYTBOPIOIOUOTO pi3albHOTO eJIEeMEHTa BiJl IMOBEPXHIi
3aroTOBKH. BHKOHaHHS KOHCTPYKLIT cTyniHYacTol (hpe3u 3 Mpy>KHIM (HOPMOYTBOPIOIOYMM Pi3aIbBHUM €IIEMEHTOM
3 0a3yBaHHSIM BiTHOCHO KOIIpa, SIKMH 3aKpIiIUICHHMA Ha BEPCTaTi, ITO3BOJSE 130JIFOBATH (DOPMOYTBOPIOIOUHIA
pi3anbHUI eIeMeHT BiJ MiIBUIICHUX JeOopMalliil KOPITYCY TOPIIEBOI CTYMIHYACTOl (hpe3H.
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Puc. 5. Ilopisnannsa ocvbo8ux 8iomuckie popmoymeopioiouozo pizanbHozo enemenma o Qpesu 3 HOPCmKUM
3AKPINIEeHHAM PI3AIbHUX eleMeHMI8 Mma CNPOEKMOBAHOI KOHCMPYKYIL ppe3u npu Qiniwnomy b6azamo3ybomy
mopyesomy ppesepysanti: a) cipozo wasyny C421; 6) eyeneyesoi cmani ¥8 (46HRC)

3 rpadikiB (puc. 5) BUIHO, IO BiATHCKAHHSI YOPHOBOTO Pi3aJbHOTO €JIEMEHTAa, 10 KOPCTKO 3aKPIIUIeHUH y
Koprryci (hpe3m, 3Ha4HO OUTBINI HiIX OCBOBI Jedopmarii (HOpMOYTBOPIOIOUOTO pi3albHOTO €JEMEHTa, SKHA
PO3TAIIOBAaHUII 3 NPY)KHMM KOHTaKTOM 3 HEPYXOMHM KOIIpOM, SKUH 3aKpilUICHMH Ha KOpIyCi BepcraTa.
Le mosicHIOETBCS TUM, IO CHIIK pi3aHHs Py, 1110 BAHUKAIOTh Ha YOPHOBHX Pi3alIbHUX €JIEMEHTaX, 3HaYHOI0 Mipoio
BIUIMBAIOTh Ha CTaOLIbHE IIOJIOKEHHS (OPMOYTBOPIOIOUOTO Pi3aIbHOTO €JIEMEHTa, BIATHUCKAIOYM HOTO Bif
00po06IIoBaHOT MOBEPXHI 3ar0TOBKU. BelnunHa TakUX BIATHCKIB 3aJI€KHUTh BiJl 3HAYSHB CKJIQJIOBOT CHIIN pi3aHHA
Py. 3MeHIIeHHsT BIUIMBY cuJI pi3aHHs Py, mo mitoTh mijJ yac pi3aHHs YOPHOBHMH Pi3aJIbHUMH €JI€MEHTaMH, Ha
(hOpMOYTBOPIOIOUHI Pi3aIbHUM €IEMEHT J03BOJISIE 3a0€3MeUNTH CTabiIbHE TIOJIOKEHHS Pi3albHOTO eJleMEHTa Ta
T ABUITATH SKICTH 0OPOOKH.

BucHoBku:

1. BcraHoBneHO, IO Ha cTaOUIbHE MOJNIOXKEHHS (HOPMOYTBOPIOIOUOrO pPi3aJbHOTrO €JIEMEHTa BiJHOCHO
3arOTOBKH BIUIMBAIOTh CKIIAJI0BI CHIIN pi3aHHs Py, sIKi BAHHKAIOTh Ha YOPHOBHX Pi3aJIbHUX €JIEMEHTAX, THM CaMHM
BIUIMBAIOYM Ha BiITHCK ()OPMOYTBOPIOIOYOIO Pi3aJbHOTO €IEMEHTAa BiJl MOBEPXHI 3arOTOBKH, L0 HETaTUBHO
MIO03HAYAETHCS Ha IKOCTI 00pOOKH;

2. BuUKOHaHHS MPYXHOTO KOHTAKTy ()OPMOYTBOPIOIOYOTO Pi3ajIbHOTO €JIEMEHTa JI03BOJISE i30JI0BATH HOTO
BiJl BIUIUBY JIii CKJIaJIOBUX CHJI pi3aHHs Py, Ki BHHHKAIOTh Ha MONEPEIHIX YOPHOBHX Pi3aJIbHUX EJIEMEHTaX;

3. BinokpemiieHHs1 ()OPMOYTBOPIOIOYOTO Pi3aILHOTO €JIeMEHTa Bijl KOpHycy ¢pe3u B HampsMi Iii 0cboBOT
CHIM pi3aHHS Ta 0a3yBaHHS MPY)KHOI'O pi3aJbHOIO €JIEMEHTa BiJJHOCHO KOIipa [03BoJisie cTabulizyBaTh
MOJIOKEHHS ()OPMOYTBOPIOOUYOTO Pi3aIbHOTO €JIEMEHTA Ta MIABHIUTH SKICTh 00pOOKH;

4. CraOijbHE MOJIOKEHHS (hOPMOYTBOPIOIOYOIO Pi3albHOTO EJIIEMEHTa 3 MPY)KHUM KOHTAKTOM BIIHOCHO
HEPYXOMOTO KOIipa, SIKMi 3aKpilUIeHHH Ha BepcTari, JO3BOJSIE PETyJIIOBATH OChOBE IOJOXKECHHS YHCTOBOTO
pi3alBHOTO eJeMeHTa 3aJeKHO Bill (Di3MKO-MEXaHIYHMX XapaKTePUCTHK AeTanel, Mo oOpoOIIOIOThCS, Ta 3a
paxyHOK pETyJaioBaHHA (QOpPMH KOIlipa € MOXJIMBICT 3a0€3MeYnTH BiACYTHICTH OCHOBOTO 3MIIICHHS
(OPMOYTBOPIOIOYOTO Pi3aIBHOTO EIEMEHTa, IO JO3BOJIUTD IiABUILUTH SKICTh 0OPOOKH IJIOCKHX TTOBEPXOHb.

Crnucok BUKOPHCTAHOI JiTepaTypu:

1. Bueoscvkuti I'M. CyuacHi TeHIeHIIT po3BUTKY 0OpoOku MaTepianiB pizanHsaM. [Iporecu MexaHiqHOi 0OpOOKH B
ManHoOyyBanHi / .M. Bueoscvkuii // Bicauk XJTY. — 2010. — Ne 2 (9). — C. 1-6.

2. Zhenyu S. Influence of dynamic effects on surface roughness for face milling process / S.Zhenyu, L.Luning,
L.Zhangiang // The International Journal of Advanced Manufacturing Technology. — 2015. — Ne 80. — P. 1823-1831.

3. OcHoBH (GOPMOYTBOpEHHsI NOBEPXOHb NpH MexaHiyHid o0pobui / H.C. Pascvka, I1.P. Poodin, T.II. Hixonaenxo,

I111. Menvruuyx. — Xuromup : XKITL 2000. — 232 c.

Icaes A.1. UncroBa 00poOKa IIonuH BerukorabapuTHix aeraneit / A.1 Icaes, B.€. Koiipe, 3.H. 3yboscvra. — Kuis, 1962.

Bueoscoruii .M. Tlpouec pi3aHHS TOPLEBHMH CTYIIHYaTHUMH ()pe3aMH 3 KOCOKYTHOIO I'€OMETpI€I0 pi3albHHX

YaCTHH, 10 OCHAIICHI HaaATBepaAuMU Mmatepianamu / .M. Bueoscokuil, I1.11. Menvuuuyk // Bicauk XITI. — 1998. —

Ne7.—C. 73-81.

6. Cmenuun A.A. TlopiBHsUTbHA XapaKTePUCTHKA ANHAMIKH IPOLIECIB TOPLIEBOTO (pe3epyBaHHs (pe3aMu CTaHAAPTHHX Ta
crienianbHUX KOHCTpyKilt / A.4. Cmenyun // Bicank XATY. Cep. : Texniuni Hayku. — 2016. — Ne 1 (72). — C. 51-56.

7. Bueoscvkuti I'M. bespepumaHe KocokyTHe ¢pesepyBannsa. Lllopctkicte moBepxHi / .M. Bueoscviuil,
I11T. Menvnuuyx // Bicauk HTTY «KIII». Cep. : Mammuo6yayBanss. — 1999. — Ne 37. — C. 262-275.

8. High-definition metrology enabled surface variation control by cutting load balancing / H.T. Nguyen and other //
Journal of Manufacturing Science and Engineering. — 2016. — Ne 138 (2).

9. Trong N.H. High-definition metrology enabled surface variation control by reducing cutter-spindle deflection /
N.H. Trong, H.Wang, S.J. Hu // International Manufacturing Science and Engineering Conference. — American
Society of Mechanical Engineers, 2014. — Vol. 45806.

10. Engineering Methodology for Determining Elastic Displacements of the Joint «Spindle Assembly-Face Milling Cutter»
While Machining Planes / H.Vyhovskyi, M.Plysak, N.Balytska and other // Advanced Manufacturing Processes Il. InterPartner
2020. Lecture Notes in Mechanical Engineering. — Cham : Springer, 2021. DOI: 10.1007/978-3-030-68014-5_26.

11. A study of the influence of processing parameters and tool wear on elastic displacements of the technological system
under face milling / D.Y. Pimenov, V.l. Guzeev, T.Mikolajczyk and other // Int J Adv Manuf Technol. — 2017. —
Ne 92. — P. 4473-4486. DOI: 10.1007/s00170-017-0516-6.

12. Nguyen H.T. Characterization of cutting force induced surface shape variation in face milling using high-definition
metrology / H.T. Nguyen, H.Wang, S.J. Hu // Journal of Manufacturing Science and Engineering. — 2013. — Ne 135 (4).

13. Kywmipos II.B. ArperatHi ronoBku s (pesepyBaHHsS IIMPOKHX IUIOCKHX NOBepxoHb [ II.B. Kywnipos,
H.B. 3axapos | Crina. — 1996. — Ne 2. — C. 29-31.

14. Kywnipos I1.B. O6po0OKa IIIOLIHH TOpLEBOO hpe3oro: HOBi BapianTtu / I1.B. Kywnipos // OGnanHaHHs Ta iHCTPYMEHT
1t npodecionanis. — 2004, — Ne 4 (51). — C. 4-5.

15. The Imitation Study of Taper Connections Stiffness of Face Milling Cutter Shank Using Machine Spindle in the
SolidWorks Simulation Environment / O.Melnyk, L.Hlembotska, N.Balytska and other // Advances in Design,

o &

49



Texniuna inswcenepis

50

16.

17.

18.

19.

Simulation and Manufacturing I1. DSMIE 2019. Lecture Notes in Mechanical Engineering. — Cham : Springer, 2020.
DOI: 10.1007/978-3-030-22365-6_60.

Bueoscoxuii I'M. TIiiBUIIEHHS TPAIE3IaTHOCTI TOPIEBUX (pe3 I YUCTOBOI 0OPOOKH IIIOCKHX TIOBEPXOHb : aBTOped.
auc. ... K.T.H. : 05.03.01 IIporecu MexaniuHo1 00poOKH, Bepcratu Ta incTpyment / I M. Bueoscwruii. — K., 2000. — 16 c.
Numerical Simulation of Cutting Forces in Face Milling / H.Vyhovskyi, M.Plysak, N.Balytska and other // Advanced
Manufacturing Processes IV. InterPartner 2022. Lecture Notes in Mechanical Engineering. — Cham : Springer, 2023.
DOI: 10.1007/978-3-031-16651-8_21.

Bueoscoruii M. JlocnipkeHHS HalpyXeHO-Ie(pOpPMOBAHOTO CTaHY TOPLEBOI (pe3u Uil YHCTOBOI 0OpoOKH
wiowud / I'. M. Buzoscoxuii, M.M. ITnucax // Bicuuk XXIATY. Cep. : Texniuni nayku. — 2019. — Ne 1 (83). — C. 53—-58.
DOI: 10.26642/tn- 2019-1(83)-53-58.

Bueoscoxuii I'"M. JlocnimpkeHHsT BIUIMBY CHJI pi3aHHS TIPU YHMCTOBOMY TOPIIEBOMY (pe3epyBaHHI Ha TpoIecH
(dopMoyTBOpeHHsT 00po0IOBaHUX 1OBEPXOHb / I'M. Buzoscokuii, O.A. I'pomosuii, M.M. ITwcax Il Texuiuna
imkeHepis. — 2023. — Ne 2 (92). — C. 53-59. DOI: 10.26642/ten-2023-2(92)-53-59.

References:

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

Vyhovskyi, H.M. (2010), «Suchasni tendentsii rozvytku obrobky materialiv rizanniam. Protsesy mekhanichnoi
obrobky v mashynobuduvanni», Visnyk ZhDTU, No. 2 (9), pp. 1-6.

Zhenyu, S., Luning, L. and Zhangiang, L. (2015), «Influence of dynamic effects on surface roughness for face milling
process», The International Journal of Advanced Manufacturing Technology, No. 80, pp. 1823-1831.

Ravska, N.S., Rodin, P.R., Nikolaienko, T.P. and Melnychuk, P.P. (2000), Osnovy formoutvorennia poverkhon pry
mekhanichnii obrobtsi, ZhITI, Zhytomyr, 232 p.

Isaiev, A.l., Koire, V.le. and Zubovska, Z.N. (1962), Chystova obrobka ploshchyn velykohabarytnykh detalei, Kyiv.
Vyhovskyi, H.M. and Melnychuk, P.P. (1998), «Protses rizannia tortsevymy stupinchatymy frezamy z kosokutnoiu
heometriieiu rizalnykh chastyn, shcho osnashcheni nadtverdymy materialamy», Visnyk ZhITI, No. 7, pp. 73-81.
Stepchyn, Ya.A. (2016), «Porivnialna kharakterystyka dynamiky protsesiv tortsevoho frezeruvannia frezamy
standartnykh ta spetsialnykh konstruktsii», Visnyk ZhDTU. Ser. Tekhnichni nauky, No. 1 (72), pp. 51-56.
Vyhovskyi, H.M. and Melnychuk, P.P. (1999), «Bezvershynne kosokutne frezeruvannia. Shorstkist poverkhniy,
Visnyk NTTU «KPI». Ser. Mashynobuduvannia, No. 37, pp. 262-275.

Nguyen, H.T. et al. (2016), «High-definition metrology enabled surface variation control by cutting load balancing»,
Journal of Manufacturing Science and Engineering, No. 138 (2).

Nguyen, H.T., Wang, H. and Hu, S.J. (2014), «High-definition metrology enabled surface variation control by
reducing cutter-spindle deflectiony, International Manufacturing Science and Engineering Conference, American
Society of Mechanical Engineers, VVol. 45806.

Vyhovskyi, H., Plysak, M., Balytska, N. et al. (2021), «<Engineering Methodology for Determining Elastic Displacements
of the Joint “Spindle Assembly-Face Milling Cutter” While Machining Planes», Advanced Manufacturing Processes 1.
InterPartner 2020. Lecture Notes in Mechanical Engineering, Springer, Cham, doi: 10.1007/978-3-030-68014-5_26.
Pimenov, D.Y., Guzeev, V.I., Mikolajczyk, T. et al. (2017), «A study of the influence of processing parameters and
tool wear on elastic displacements of the technological system under face milling», Int J Adv Manuf Technol, No. 92,
pp. 4473-4486, doi: 10.1007/s00170-017-0516-6.

Nguyen, H.T., Wang, H. and Hu, S.J. (2013), «Characterization of cutting force induced surface shape variation in
face milling using high-definition metrology», Journal of Manufacturing Science and Engineering, No. 135 (4).
Kushnirov, P.V. and Zakharov, N.V. (1996), «Ahrehatni holovky dlia frezeruvannia shyrokykh ploskykh
poverkhony, Stina, No. 2, pp. 29-31.

Kushnirov, P.V. (2004), «Obrobka ploshchyn tortsevoiu frezoiu: novi varianty», Obladnannia ta instrument dlia
profesionaliv, No. 4 (51), pp. 4-5.

Melnyk, O., Hlembotska, L., Balytska, N. et al. (2020), «The Imitation Study of Taper Connections Stiffness of Face Milling
Cutter Shank Using Machine Spindle in the SolidWorks Simulation Environment», Advances in Design, Simulation and
Manufacturing Il. DSMIE 2019. Lecture Notes in Mechanical Engineering, Springer, Cham, doi: 10.1007/978-3-030-
22365-6_60.

Vyhovskyi, H.M. (2000), Pidvyshchennia pratsezdatnosti tortsevykh frez dlia chystovoi obrobky ploskykh poverkhon
Abstract of Ph.D. dissertation, 05.03.01 Protsesy mekhanichnoi obrobky, verstaty ta instrumenty, K., 16 p.
Vyhovskyi, H., Plysak, M., Balytska, N. et al. (2023), «Numerical Simulation of Cutting Forces in Face Milling,
Advanced Manufacturing Processes 1V. InterPartner 2022. Lecture Notes in Mechanical Engineering, Springer,
Cham, doi: 10.1007/978-3-031-16651-8_21.

Vyhovskyi, H.M. and Plysak, M.M. (2019), «Doslidzhennia napruzheno-deformovanoho stanu tortsevoi frezy dlia
chystovoi obrobky ploshchyny, Visnyk ZhDTU. Ser. Tekhnichni nauky, No. 1 (83), pp. 53-58, doi: 10.26642/tn-
2019-1(83)-53-58.

Vyhovskyi, H.M., Hromovyi, O.A. and Plysak, M.M. (2023), «Doslidzhennia vplyvu syl rizannia pry chystovomu
tortsevomu frezeruvanni na protsesy formoutvorennia obrobliuvanykh poverkhony, Tekhnichna inzheneriia,
No. 2 (92), pp. 53-59, doi: 10.26642/ten-2023-2(92)-53-59.

Buroscbkuii ['eopriit MukonaioBu4 — KaHANWAAT TEXHIYHUX HAYK, IOLEHT, IIpodecop Kadeapn MexaHiqHOi
imkeHepii JlepxkaBHOTo yHiBepcUTETY «KUTOMHUPCHKA MO TEXHIKAY.

http://orcid.org/0000-0002-2199-5129.

Hayxkogi inTepecu:

00poOKa MaTepialliB pizaHHIM;


https://doi.org/10.26642/ten-2023-2(92)-53-59

ISSN 2706-5847 Ne 1.(93) 2024

—  IPOEKTYBaHHS Pi3albHUX IHCTPYMEHTIB;

—  pi3anbpHHHN IHCTPYMEHT JJIS THYYKHUX BUPOOHUYHX CHCTEM.

Inucaxk Mukona MukonaiioBnd — acmipaHT Kadenpu MexaHigHOI iFmxkeHepii [lepKaBHOTO yHIBepCHTETY
«KutoMupchka NOTITEXHIKAY.

http://orcid.org/0000-0002-3244-6037.

HayxoBi inTepecu:

—  00po0Oka marepialiB pi3aHHSIM;

—  TIPOEKTYBAHHS Pi3aJIbHUX IHCTPYMEHTIB.

I'nem6oubka Jlapuca €BreniiBHa — KaHIUIAT TEXHIYHUX HayK, JOLEHT KadeIpu MeXaHIuHOi iHkeHepil
JepxaBHOro yHiBepcUTeTY «JKNTOMHPCHKa ITOJIITEXHIKAY.

https://orcid.org/0000-0002-7234-4246.

HayxoBi inTepecu:

—  JOCIiIKEHHS IPOIIeciB MEXaHIYHOT 00pOOKH BasKKOOOPOOITIOBAaHUX MaTepialiB;

—  TPOEKTYBAaHHSA Pi3aJIbHUX iHCTPYMCHTIB.

Tony6oBcskuii AHnpiit BacuinpoBud — acmipaHT Kadenpu MexaHidHoT imkeHepii JlepkaBHOTO yHIBEpCUTETY
«KutoMupchka MOJMITEXHIKAY.

https://orcid.org/0009-0002-9868-5441.

HayxkoBi inTepecu:

—  00poOKa MatepialliB pi3aHHM.
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Improvement of face mill design for finishing flat surface parts

The quality machined surface parts depends on the kinematics cutting process, the processing mode, structural and
geometric parameters of the cutting tool, etc. Designs of face mill equipped with superhard materials for finishing surfaces are
known, modes of their operation and possibilities of ensuring the required quality of processing are defined. The use of stepped
face mill, in contrast to conventional designs of mills, makes it possible to ensure the formation of a machined surface with a
cutting element that is placed in the radial direction at the smallest distance from the axis of the mill, and in the axial direction -
with the greatest projection relative to the face mill body. At the same time, special attention should be paid to the issues of
stabilizing the position of the forming cutting element and the effect of cutting forces on the elastic impression of the tool from
the surface of the workpiece.

In the work, the authors considered the process of face milling of structural materials with a single-tooth and multi-tooth
face milling cutter with elastic movement of the forming knife and with its rigid fixation. As a result of the research on the
improved design of the face step cutter, it was established that the elastic fastening of the forming cutting element, which is
based on the relatively stationary fixed on the body of the copier, allows excluding the transmission of deformations of the
cutter body when cutting with rough cutting elements. This allows you to stabilize the position of the forming cutting element
and isolate it from the influence of the component of the cutting force PY, which occurs on the previous rough cutting elements
and has a variable value in the sections of the contact arc of the forming cutting element with the workpiece.

An improved design of a stepped face mill with elastic contact of the forming cutting element with a copier fixed on the
body of the machine is proposed. The obtained results of the study confirm the possibility of improving the quality through the
development of new cutter designs that would provide the necessary indicators of the microgeometry of the treated surfaces.

Keywords: face milling; face mill; oblique cutting; step face mills, dynamic cutting process
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