Technical sciences ISSN 2307-5732

https://doi.org/10.31891/2307-5732-2025-355-75
VK 621.735.34
CEPAIOK OJIbI'A

BiHHUIBKYH HalliOHANBHUH TEXHIYHUN YHIBEPCUTET
https://orcid.org/0009-0001-0082-2990

e-mail: karvatkoolga@ukr.net

BEPE3IOK OJIET

BiHHUIBKHH HalliOHANBHUH TEXHIYHUN YHIBEPCUTET
https://orcid.org/0000-0002-2747-2978
bereziykov@vntu.edu.ua

JIITBIHOB BJIAJUCJIAB

BiHHUIBKYH HalliOHANBHUH TEXHIYHUN YHIBEPCUTET
https://orcid.org/0009-0003-8510-4158

e-mail: vlad.litvinov1297@gmail.com

BAJIUM HIBTOPAK

BiHHULBKHI HALIOHATBHUH TEXHIYHHN YHIBEPCUTET
https://orcid.org/0009-0000-6923-767X

e-mail: vadimpivtorak087@gmail.com

JOCHIIPKEHHS BIVIMBY TEXHOJIOI'TYHUX TAPAMETPIB TIPOIECY
OBKOYYBAHHA HA SAKICTBb IIOBEPXHEBOI'O ITAPY

B pobomi naseoeno pezynomamu 0ocaiodicenb BUKOPUCMAHO2O PecypCy NIACIMUYHOCME NPU 0OKOYYBAHHI MOPOIOaTbHUM
POTUKOM 13 26UHIMOBOI0 POOOUOIO NOBEPXHEIO.
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RESEARCH ON THE INFLUENCE OF TECHNOLOGICAL PARAMETERS OF THE ROLLING
PROCESS ON THE QUALITY OF THE SURFACE LAYER

The quality of the surface obtained after surface plastic deformation depends on many factors: feed, force, diameter of the roller or spool,
the condition of the workpiece surface before machining and many others. This raises the question of determining the optimal machining modes,
and for this it is necessary to study and evaluate the influence of factors on the quality of the surface layer. Currently, two main criteria can be
considered generally accepted by which the effectiveness of surface plastic deformation of shafts is assessed for the purpose of their strengthening:
the magnitude and distribution of residual stresses in the cross section, as well as the physical strengthening of the material during hardening.

Since during surface plastic deformation, plastic loosening processes occur simultaneously with the hardening processes, the limiting
value of the intensity of deformations should not exceed the values at which the value of the used plasticity resource in the surface layer takes
values within 0.4...0.6.

According to the modeling results, graphs were obtained that allow taking into account simultaneously the influence of changes in feed,
processing effort, and workpiece rotation frequency on the resulting roughness of the part and the used plasticity resource. This allows you to
choose processing modes in which it is possible to provide the specified values of the roughness parameters and not exceed the used plasticity
resource, and therefore obtain parts that can be operated.

The feasibility of choosing the depth of the plastically deformed layer depending on the diameter of the hardened shaft in the range of 0.01
— 0.05 was confirmed, which ensures a sufficiently high efficiency of PPD in relation to fatigue strength. It is shown that the best results occur at
depths close to the upper limit of the specified limit, i.e. up to 0.05. In addition, the obtained results of such modeling allow us to recommend
processing modes depending on the initial roughness, the material of the part and the required roughness and hardness of the surface layer of the
part
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IMocranoBka npodJeMu
SKicTh OTPUMYBaHOI Ticis HoBepxHEBOi tacTuyHOi Aedopmarii (ITT1/]) moBepxHi, 3aMeXKUTh Big OaraTbox
(akTopiB: mojadi, 3yCHIIIA, AiaMeTpa poiHuKa abo KyJIbKH, CTaH MOBEPXHI 3arOTOBKH Ieper 00poOKkoro i Gararo
iHmux. ToMy BHHHKAa€e MUTAHHS BH3HAUYCHHS ONTHMAIBHUX PEXUMIB 00pOOKH, a I [[bOTO HEOOXiTHO BUBYMTH i
OLIIHUTH BIUIMB (haKTOPIB HA SIKICTh TOBEPXHEBOTO MIAPY.
AHaJti3 0CTaHHIX JKepeJt
B naHmit wac MoO)XHa BBa)kKaTH 3arajJbHOBH3HAaHMMH J[BA OCHOBHHMX KpHUTEpii, 32 SKHMH OLIHIOETHCS
e(eKTUBHICTH MOBEPXHEBOTO IuacTudHoro aedopmysanus (I1I1/1) BaniB 3 MeTor0 iX 3MIIHEHHS, — 1€ BEJIMUUHA 1
PO3IIOJIIT 3aIMIIKOBUX HAIIPY’KEHb y HMOIEPEeYHOMY Hepepisi, a Takoxk (i3uuHa 3MIIHEHHS MaTepiary MpH HaKJIeIi.
3a3HaueHi (akTOpHM OJHO3HAYHO BH3HAUYAIOTHCS (DI3MKO-MEXaHIYHMMH BJIACTUBOCTSIMU MaTepiaiy Jerai,
IHTEHCUBHICTIO IUTACTHYHOI Aedopmallii & i TTTHONHOIO Z, i1 MOMMpPEeHHs B HaKJIeaHoOMYy Imapi. BpaxoByroun came mi
Ta jgeski iHmi ¢akropu nmoOymaoBaHO OJHE 3 pimeHb 3agadi ontuMizamii pexkmmi [1I1)] meraneid Twumy Bais,
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BHKJIaZIeHe B poboTax [I, 2]. 3amponoHoBaHe y HUX PIlIEHHS TOBEACHO IO TPAKTUYHOTO 3aCTOCYBaHHS i TPYHTYETHCS
Ha MPUITYLIEHH] PO BUPILIANBHY poJib JedopManifHOro YNHHMKA NpH 3MilHIO04id 00po6ui neraneit I1I1/1. Boxo
MOJIATAE B TOMY, 110 HaHO1IbIIOT epeKTHBHOCTI BiJ] 3aCTOCYBAHHS LILOTO BUIY 0OpPOOKH, OLIHIOBAaHOT MaKCUMalIbHUM
30UIBIICHHSM MEXKI BHUTPHBAJIOCTI Ac-1 BanmiB, MOXHa JOMOITHCS, sKkio B mporeci I[IIIJ] koHTpomoBaTH
IHTEHCHBHICTB tedopmartii €j,0 MOBEPXHEBOTO MIapy.

Tak sik Tpu TOBepXHEBiH MmiacTH4HId nedopmaiii 0JHOYACHO 3 MpOLEecaMH 3MIIHEHHS HIyTh NpOLECH
TUIACTUYHOTO PO3PUXJIEHHS, TO I'PaHWYHE 3HAYCHHS IHTEHCHBHOCTI JedopMauiil €, HE IIOBHHHO NEPEBHIIYBAaTH
3HAYeHb, IIPH SIKUX BEJIMYWHA BHKOPHCTAHOT'O pecypcy IUIACTHYHOCTI B OBEPXHEBOMY LIapi MpuiiMae 3Ha4YCHHS B
Mmexax ¢ =0,4...0,6. Lle 00ymMoBIeHO THM, 110 TIpH ¥ > 0,6 B TOBEPXHEBOMY IIapi METATy BUHUKAIOTH MiKpOTPIIIHNHH,
AKi TP eKCIUTyaTallii 1eTalli € KOHIIEHTPAaTOpaMy HaIlpyKeHb 1 TOMY 3HAYHO 3MEHIIYIOTh TPAHHIF0 BUTPUBAIOCTI
MaTepiary MoBepXHEBOTO Mmapy Meraiy o-1 [3-5].

IIpu poMy OyII0 BCTAHOBJICHO, IO NpH OyAb-IKAN Hamepen 3aJaHoi i IOoTiM peatizoBanoi B mpoueci TIT1/]
IMOWHI Zs HaKJIeNy IHTEHCHBHICTh ItacTHYHOI nedopmanii €j,0 TOBEpXHEBOTO LIapy BU3HAYAETHCS B OCHOBHOMY
Horo (i3MKO-MEXaHIYHHUMHU BJIACTUBOCTSIMH 1 T€OMETPHYHUMH PO3MipaMH Baly 1 3MILHIOIOYHX IHCTPYMEHTIB:
TOPOIAAIBEHOTO POJIMKA 200 KYJIbKH.

MeTo10 poOOTH €: TOCITIPKEHHS IIOPCTKOCTI HOBEPXHEBOT'O LIAPY METATY 3arOTOBKH IUIACTUYHO 3MIIIHEHOTO
OOKOYYBaHHSIM DOJIMKOM Ha OCHOBI PO3PaxOBaHOIO BHKOPHCTAHOTO PECYpPCY IUIACTUYHOCTI Marepialy IpH
HEMOHOTOHHIH nedopmarii

BuxJiag ocHOBHOro Marepiany
Ha ocnoBi mocmimkens [1, 2, 5] mo ¢popMyBaHHIO HEepiBHOCTEH MOBEPXHI MPH Pi3HUX METOJaX OOpPOOKH
ycTaHOBIICHI (DaKTOpH, SAKi HAHOIIbIIE BIUTUBAIOTH HAa MOPCTKICTh OBEPXHi:
Rz = hl + h2 + h3 + h4, €]
ne hl, h2, h3, h4 — cknamoBi mpodins 5KOpCcTKOCTI, 00YMOBJICHI, BiIMIOBITHO, TEOMETPUIHUMH MapaMeTpaMu
IHCTpYMEHTY, KOJHMBaHHAM IHCTPYMeHTY, Aedopmauicro Merany, 1o JeGOpMyeThCs, MIOPCTKICTIO IMOBEPXHI
IHCTPYMEHTY.
TakuM 4YHMHOM, pO3paxyHKOBa BHCOTa HEpPIBHOCTEH MOBEpXHI Rz A MOBEpXHEBOrO ILIACTHYHOTO
nedopMyBaHHs, SKIIO IHCTPYMEHT CTBOPIOE KPYTITy ab0 eNNTHYHY IUIOMIAAKH KOHTaKTy, MOXe OyTH IpeAcTaBiieHa:

0,5 (2)

150P(1+ %)

h.=R,o
P 7z'Rthyl:180 — arcc(iséf) —4a,, )/ a,, (h - hnp )+ 2h"p:|

ne P — poboue 3ycwwist, f — KoedillieHT TepTs, an; — pajiyc IUIACTUYHOrO BigOuTKa, hijy — rinOuHa
BIABJIOBaHHs IHCTPyMEHTa B 00OpoOioBaHy moBepxHi0, H, — moBepxHeBa MIKpOTBEpAiCTb, Rpo, tmo — BXIAHI
napaMeTpH HIOPCTKOCTI, MPUHHATI Rpo = 0,65RZ0, tme = 0,45.

BrumB nojadi S Ha CKJaJ0Bi mapaMeTpy MOPCTKOCTI Rz nmpu 00TouyBaHHI 1 BUXiJAHY LIOPCTKICTh MiCIs
TOYiHHA R, IpuBeneHo Ha pucyHky 1. I'padiku naroTh HassBHE ySBICHHS PO XapakTep i CTYIiHb BIUIMBY MOJa4i Ha
CKJIIa0Bi TPOQUII0 MIOPCTKOCTi, SKi OOYMOBIICHHI TEOMETPHIHHMH Mapamerpamu iHCTpyMeHTY hi = hreowm.,
nedopmaliero MaTepiany, mo 00pooseTbes h = Ry — hyy, MIOPCTKICTIO pixKydHX KpOMOK iHCTpyMeHTY hs = Ry = 0,6
MKM. Pe3ynmpTaTté po3paxyHKiB CBiq4aTh PO Te, IO 31 30LIBIIEHHSIM ITOAa4i BC1 CKIIAZIOBI TapaMeTpa MOPCTKOCTI, B
TOMY YHCIIi 1 BUXiTHA MOPCTKICTB, 30UTBITYIOTHCS.
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Puc. 1 - Biuius noaayi S Ha CKJ1a/10Bi IapamMeTpa IOPCTKOCTI PH 00K0OYyBaHHI

[pyHTYIOUHCE Ha BiJOMHX PE3yJIbTaTax MOACIIOBAHHSA npornecie OMT METOIOM CKiHYEHHX eneMeHTiB [3], mis
PO3B’A3KY 3a7adi INTACTHIHOTO e(hOpMYBaHHS IOBEPXHEBOTO IIAPy 3aTOTOBKH MOKHA BUKOPHUCTOBYBATH IPOTpaMy
LS-DYNA [4,5]. Jlana nporpama J03BOJIsi€ MOAETIOBATH HANpy>KeHO-I1e(hOPMOBAHUN CTaH MiJl Yac IIACTHYHOTO
(hopMO3MiHEHHS MaTepialliB, B3a€EMO/IiF0 KOHTAKTHUX MTOBEPXOHb IHCTPYMEHTA Ta 3arOTOBKH 3 BPAaXyBaHHIM TEPTH.
s Bizyamizanii pe3ynbTaTiB iMiTaliiHOro MOIETIOBAaHHSA Ta IX HACTYITHOTO aHalli3y BUKOPHUCTOBYBAJIN PENPOLIECOp
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LS-PREPOST, mio Bxoauth a0 cknamy nakety LS-DYNA. e 103BoIMII0 BUBHAYUTH TOJIOBHI KOMIIOHEHTH TEH30pa
HATPYKEHb B OCEepeNKy neopmalii.
[HTEHCHBHICTH HANPYKEHb BU3HAYAIH 33 ()OPMYJIOIO:
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Pecypc mnactuynOCTI po3paxoByBaiu 3a kpurepieMm ['.A. CmipHOBa-AJsieBa:
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[Ipu mpoMy 3HaYeHHS CTyImeHs aedopmarii e, 3HAXOIMIN 0 TapyBalbHOMY Tpadiky TBepmicte HV —
CTYIiHB Iedopmarii e, — iIHTCHCUBHICTh HAIPy>KEHb.
OtpumaHi pe3yabTaTH po MNIMOWHI MOBEPXHEBOTO MIapy IMOoKa3aHi Ha puc. 2-3.
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Puc. 2 — Po3noain cryneni nedopmanii 3cyBy i cryneni
BUYEPIAHOIrO pecypcy IMUIACTUYHOCTI 1O IIMOMHI nmpu 3ycuuLti
06pooxu 100H, mogayi 0,07 Mmm/06, yactoTi o6epranus 630 06/xs.,

npodinsHOMYy pagiyci poimka 5 Mmm
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Puc. 3 — Po3nonin cryneni negopmanii 3cyBy i
CTYyIeHi BUYePNaHOro pecypcy IJIACTHYHOCTI 1O IIMOUHI npU
3ycusuti 00pooku 400H, nogaui 0,07 Mm/06, yacToTi 06epTaHHs
630 00/xB., mpodinbHOMY paaiyci poanka 5 Mmm
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Puc. 4 — Po3nonii cryneni gegopmauii 3cyBy i cryneni Buuepnasoro pecypcey mjiacTH4HOCTi 10 rjuduHi npu 3ycusti oopooxku 300H,
noxayi 0,07 mm/06, yacTori o0epranns 630 06/xB., npodinsHoMy paniyci poanka S Mmm

OTtpumani rpadiku J03BOJISIOTH BPaXOBYBAaTH OJHOYACHO BILIMB 3MIHH I10/1a4i, 3yCHUILIsI 0OPOOKH, 1 YacTOTH

o0epTaHHs 3aroTOBKM Ha OTPUMYBaHy HIOPCTKICTh JA€Talli Ta BUKOPUCTaHMH pecypc mactuyHocti. Lle no3Bossie
00patu peXuMu 00pOOKH, TIPH SKUX MOKHA 3a0€3MEUNTH 3aJaHi 3HAUCHHS TapaMeTPiB MIOPCTKOCTI i HE TIEPEBUIIUTH
BUKOPUCTaHUI pecypc IIACTUYHOCTI, @ OTXKE OTPUMATH ACTaI, Ki MOXKYTh €KCIUTyaTyBaTHCS.

BucHoBkn

[TinTBepAKEeHO NOUITBHICT BUOOPY INTMOMHH ITACTHYHO Ae()OPMOBAHOTO 1Iapy B 3aJI€XKHOCTI Bifl AiaMeTpa

3MinHIOBaHOTO Baiy B iHTepBani 0,01 — 0,05, mo 3abe3neuye nocratHbo Bucoky edekrusHicts [I1]] BimHOCHO
BTOMHOI MirtHOCTI. IIpn mpoMy mokasaHo, IO HaWKpamli pe3yabTaTH MAaroTh Miclle MPH INIMOWHAX, ONM3BKHUX 10
BEPXHBOI MeXI1 BKazaHoi rpanutli, T06to g0 0,05. Kpim Toro orpuMaHi pe3yapTaTi TAaKOTO MOJICTIOBAHHS JO3BOJISIOTH
PEKOMEHAYBaTH PEXUMH OOpOOKHM B 3aJIe)KHOCTI Bil BHXiIHOI MIOPCTKOCTi, MaTepiamy JAeTami Ta HEoOXigHOI
IIOPCTKOCTI 1 TBEPAOCTI MTOBEPXHEBOTO MIAPY AETAI.
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