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OINPEJEJEHUE ONITUMAJIBHOM CHJIbI KOHTAKTHOI'O B3AUMO/JIEHCTBUS
HUHCTPYMEHTA U JIETAJIA ITPA OTAEJOYHO-YITPOUHAIOIIENA OBPABOTKE
METOAOM AJIMA3HOI'O BBITJIA’KUBAHUSA

AHHOTanms. PaccMOTpeHbl OCHOBHBIE ()aKTOPBI MpoIiecca ajlMa3HOro BBIMJIAXKHBAHUS: CHJA KOHTAKTHOIO B3aMMO-
JEUCTBHSI HHCTPYMEHTA U JIeTalu B 30HE Ae(OpMaIiK ¥ TPEHHE Ha KOHTAKTHOW IMOBEPXHOCTH JCTAJIM M BBITIa)KUBATEIS.
[IpencraBiena METOAMKA aHATUTHYECKOTO ONpPECTICHUsT ONTHMAIbHON CHIIBI BBITJIAXKHBAHUS NI OTICIOTHO-YTIPOTHSIO-
mIero pexxuMa o0paboTky. PacyeTHBIM ImyTeM MoTydeHbl 3HAYEHUS CUIIBI AJI HEKOTOPBIX XapaKTEePHBIX MApOK MAaTePUAsIOB
HeOoubLIoi U cpenHei TBepaoctu (K210 HB, paanyc nnnentopa — 3,4 MM) U psifia 3aKaJeHHBIX CTajel BEICOKON TBEPAOCTH
(panuyc numentopa — 2,0 mm). Takske onpeneneHbl 3HaYeHUs CUIT C UCTIOIb30BAaHUEM BBIPAKEHUH 1151 1e(OpMaIlHOHHOH CO-
craBstroniel koadpunnenta TpeHus. CpaBHUTENBHBINA aHAN3 PE3yJIETaTOB CBUACTEIECTBYET O TOCTATOYHON JJIsl IPAKTH-
YEeCKHX IeJIeH aIeKBaTHOCTH BapHaHTOB pacueTa. Ha KOHKpeTHBIX mpuMepax o0pabaTeiBaeMbIX MaT€pPHaIOB IOKA3aHbI I'Pa-
(uueckue 3aBUCUMOCTH, OTPAXKAIOIIKE CBsI3b KOd(GHUIIMEHTa TPEHHS, B TOM YUCIie ero Ae(OpMalMOHHON COCTABISIOIILH,
U cuiibl BeImtakuBaHus. C yBeIMUSHHEM CHIIBI BBITJIA)KUBAHUS YBEIHUUBACTCS KOIDOHUIHUEHT TPEHUS, YTO OOBSICHSICTCS
yBEJINYEHUEM TITyOMHBI BHEPEHUS aIMa3HOTO HAKOHEUHUKA H, CIEJOBATEIBHO, POCTOM e(hOPMAIIIOHHON COCTABIISIONIEH.
I'myOuna BHeApeHU HHACHTOPA B 00pabaThIBaeMyI0 OBEPXHOCTD, & CIIECIOBATEIBHO, KOO(PPHUIIMEHT TPSHUS IIPH BBITIIAKH-
BaHHUM 3aBUCUT OT TBEPAOCTU 0OpabaTeiBaeMoro Matepuaia. C MOBBIIIEHHEM TBEPJOCTH ITyOHHA BHEIPEHUS YMEHBIIIAETCS,
YTO MPUBOJIUT K CHHIKEHHUIO Ie(OpPMAIIMOHHON COCTABJISIONIEH 1 B iesioM kodddurpenta Tpenus. Ha koapduunent rpenus
TaKJKe BIMSIET pajnyc pabodel yacTH HHCTPYMEHTa, TaK KaK OT €r0 BeJTMYNHBI TOKE 3aBUCUT ITyOHNHA BHEAPCHUS HH/ICHTO-
pa. Pe3ynbTare! nccne1oBaHuil MOTYT OBITH HCIONB30BAHBI TPH pa3paboTKe TEXHOJIOTHU OTAEI0YHO-YTIPOYHSIONIET0 aaMas3-
HOTO BBITJIXXUBAHMSI, OCBOSHHHU TPOLEcca U BHEAPEHUN €T0 B TPOU3BOACTBO.

KuroueBble ci10Ba: anMa3HOE BBITTIaKMBAHKE, OTACIOUHO-YIIPOUHSIONIMN PEKUM, CHJIA BBITJIAXKUBAHU S, KO3(DDUITHEHT
TpeHUs
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DETERMINATION OF THE OPTIMAL STRENGTH OF CONTACT INTERACTION OF THE TOOL
AND THE PART DURING FINISHING-HARDENING TREATMENT BY DIAMOND SMOOTHING

Abstract. The main factors of the process of diamond smoothing are considered in the work: the force of the contact
interaction of the tool and the part in the deformation zone and the friction on the contact surface of the part and the smooth-
er. The technique of analytical determination of the optimal smoothing force for the finishing-hardening treatment mode is
presented. The calculated values were obtained for some characteristic grades of materials of small and medium hardness
(< 210 HB, indenter radius 3.4 mm) and a number of hardened steels of high hardness (indenter radius 2.0 mm). The force
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values are also determined using expressions for the deformation component of the friction coefficient. A comparative analy-
sis of the results indicates that the calculation options are adequate for practical purposes. On specific examples of processed
materials, graphical dependencies are shown, which reflect the relationship between the coefficient of friction, including its
deformation component, and the smoothing force. With an increase in the leveling force, the friction coefficient increases, this
is explained by an increase in the depth of penetration of the diamond tip and, consequently, an increase in the deformation
component. The depth of penetration of the indenter into the surface to be treated, and therefore the coefficient of friction
during ironing, depends on the hardness of the material being processed. With increasing hardness, the penetration depth
decreases, which leads to a decrease in the deformation component and in general the coefficient of friction. The friction
coefficient is also affected by the radius of the working part of the tool, since the indenter penetration depth also depends on
its value. The research results can be used in the development of technology for finishing and hardening diamond smoothing,
the development of the process and its introduction into production.

Keywords: diamond smoothing, finishing hardening mode, smoothing power, coefficient of friction
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Beenenue. [Iporiecc oT/IeI0YHO-YIIPOUHSIOMIEH 00paOOTKH METOIOM ajMa3HOTO BbITJIAXKUBAHUS
saBisieTcs 3((HEKTHBHBIM CPEICTBOM TOBBIIIEHUS dKCILTYaTAIIHOHHBIX CBOWCTB jAeTaneil MamuH [1-5].
AnMa3HOe BBITVIAKHMBaHHE OOECIeurBaeT OJIArONPHUSATHOE COYETAaHUE IMApPaMETPOB IIEPOXOBATOCTH,
MUKpopesbeda MOBEPXHOCTH, MUKPOTBEPIOCTH U 3HAYMTEIBHON TIIyOMHBI YIPOYHEHHOTO CIIOSl MPH
M3TOTOBJICHUU AeTajei, paboTaroNuX B YCIOBHUIX BBICOKHX CKOPOCTEH M MOBBIIICHHOTO W3HOCA [5—8].

AnMa3HOe BBHITJIQ)KUBAaHWE 3aKIIOYaeTCs B IIACTHYECKOM JeQOpPMHUPOBAHWM 00pabaThiBaeMOi
MOBEPXHOCTH CKOJB3SANIUM 110 Hel MHCTPYMEHTOM — BBITJIAXKUBATEIEM C aliMa3HbIM HaKOHEYHUKOM
(puc. 1). IloBepxHOCTHOE MIACTHYECKOE Ne(OPMHUPOBAHUE METOJOM alIMAa3HOI'O BBITJIAKMBAHUS BbI-
TIOJTHSTIOT, KaK MPABIJIO, HHCTPYMEHTOM cO C(hepHUuecKo padoueii 9acThI0 MOCIe MEXaHMIECKOU 00-
paboTku TOYeHHEM Wi NundoBaHuEeM. B pe3yibrare Ha MOBEPXHOCTH JETANH CTIIAKUBAOTCS HEPOB-
HOCTH MpeALIecTBYIONIEH 00padoTKH U POPMHUPYETCSI HOBBIH MMOBEPXHOCTHBIHN CIIOH C JPYTHMH I'eoMe-
TPUYCCKUMU U @HSHKO-MCX&HI/I‘{GCKI/IMI/I XapaKTECpUCTUKaAMHU.

Puc. 1. TIporecc amMa3HOro BeITIKUBaHUSL: | — IepKaBKa, 2 — BBITJIAXKHBATEIb, 3 — 00padaTeiBacMast 1eTab

Fig. 1. Process of diamond smoothing: / — holder, 2 — smoother, 3 — workpiece

VYciioBHsI KOHTAKTHOTO B3aMMOJCHCTBUSI HHCTPYMEHTa U 00padaThiBaeMoil AeTalu Mpu ajIMa3HoM
BBITJIQ)KMBAHUN OIPENEIAIOTCS MHOTUMH (DaKTOpaMH M MapaMeTpaMu, IO BIUSHUEM KOTOPHIX (op-
MUPYIOTCS IOKa3aTeJIM KaueCTBa MOBEPXHOCTHOTO €105t AeTain. OCHOBHBIMU 3HAYUMBIMH (haKTOpamH,
Hapsay ¢ TEXHOJIOTMYECKMMU IapaMeTpaMu, SIBISIOTCS yJeJIbHas CUJla KOHTAKTHOTO B3aMMOJECHCTBU S
Y TPEHUE Ha KOHTAKTHOM MOBEPXHOCTH BBITTIAXKHUBATEIIS U AeTa)H B 30He Aeopmaruu [9, 10]. YenbHas
CUJIa KOHTAaKTHOTO B3aMMOJEHCTBUS OMPENENIeTCS CUJION BBINIAKWBAHUS, OTHECEHHOW K IIIOUIANH
KOHTaKTa BBITJIQ)KMBATENSl C 3arOTOBKOM, MPONOPLUOHATIbHA TIIyOMHE BIABIMBAHMS U ONpEEIsieT
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TONMMUHY yrpoaHeHHoro cios [11, 12]. Takum oOpa3oM, cuiia BEITIQKUBAHUS SIBIISCTCS OMHUM U3 HaU-
Oosiee BayKHBIX MapaMeTPOB MPOLECcCa, MTO3BOJSIOUINM PEryIupoBaTh B IIUPOKUX MpeaesiaXx KauecTBO
noBepxHOCTU. [1oaTOMY BHIOOp ONTHMABHON CHIIBI SIBISETCS aKTyaJbHOW 3a/ladyedl IpH peau3alnu
TEXHOJIOTHH OTAEIOYHO-YIIPOYHSIOIIET0 aTMa3HOTO BBITJIAXKUBAHMUSL.

Lenv uccreoosanus — onpeAeIeHUe ONTUMATBHOW CUJIBI BBITIAKUBAHUS MPH OTACIOYHO-YTIPOY-
HSIIOIIEM pekuMe 00paboTku MATKHX MarepranoB (S 210 HB) u 3akaneHHBIX cTaneld U yCTaHOBIICHUE
3aBUCHUMOCTH KO3(h(DUIIMEHTA TPSHHS U CUJIbI BhITJIQKHUBAHUS.

MeTtoauka ompeneeHHs] ONTHMAJIbHOH CHJIbI BBITJIA)KUBAHHA W KOI(PPUIMEHTA TPEHHS.
B nponecce BeirnakuBanus cuna P packiaabIBacTCs HA HECKOIBKO COCTABIIAIONIMX: HOPMAIbHYIO P,
TaHT€HLUHUAJIbHYIO0 P, U cuily nnopayu Py.

Ha ocHOBaHWY MPUOTMKEHHOTO PEIISHUS 3319 O CKOJIBKEHUH )KECTKOTO PaJHYCHOT'O BBITIIAXKH-
BaTelisl 10 MJIACTUYECKON MOBEPXHOCTH 3aBUCUMOCTH Py, P, 1 P. MOXHO TPEICTABUTH CIICAYIOIIUMH
ypaBHeHusIMU [13]:

P.=C.R*%hs,, (D
P,=C,Rha, @)
P.=C,R*h", 3)

rae C,, C,, C. — k03pPUUMEHTHI, yYUTHIBAIOIIME KOHKPETHBIE YCIIOBUs 00paboTku; R — paauyc pado-
4eil yaCTH BBITJIAKUBATENS, MM; /I — IITyOWHA BHEAPEHHSI BBITJIAXKHUBATEIIS, MM; G; — TIPE/IeNl TeKY4eCTH
oOpabaTeiBaeMoro marepuana, [1a.
OcHOBHOI ABJIAETCA COCTaBsAOMAs Py, 3Ha9€HUE KOTOPOM M MPUHUMAEM 32 CUITY BBITJIAKMBaHUS.
3ameHuB B popmyiie (2) aOCOMIOTHYIO TIyOHMHY BHEAPEHUSI BBITIIAXKUBATENS /I OTHOCUTEIIHHOM TITy-
OuHOH BHEApeHUs € = /R, ojydyaem

P = Ceo,R%. @

Tak xak BenM4MHA Mpefesa TEKy4eCTH G, HE BCErja M3BECTHA, BOCIOJIb3yEeMCsl BEITMYMHON TBEP-
nocTH 1o Bukkepcy, Mo3BONSIONIEH ONpeeTuTh TBEPAOCTh KaK TBEPABIX, TAK U MATKUX MaTEPHUAJIOB
B €AMHUIIAX OJTHOM IIKAJIbI.

Jist yueta MacmiTaOHOro (pakTopa, CBA3aHHOIO ¢ COOTHOIIEHUEM PaJlyCOB HHCTPYMEHTa U o0pa-
OaThIBacMoOI JeTalii, 3aMeHUM B hopmyIie (4) paaryc HHCTpyMEHTa R MPUBEICHHBIM pajinycoM [4]:

r=_PR_ 5)
D+R
rae D — nuameTp 00pabaThIBaeMOl AeTalu, MM.
[ocne mpeobpazoBaHuii OTyYaeM CIEAYIOIICE BIPAXKCHHE:
2
DR
P=CeHV| —— | ,
(D +R ] ©)

B KoTopoM C — ko3 dunuent, C = [13].

HopmanpHoe npoTekaHue Ipolecca BbIIIa)KUBaHUs IPOUCXOAUT IPH OIPEAEICHHbBIX 3HAYEHUSX
OTHOCHUTEJIbHOW TIIyOWHBI BHEAPEHUSI € MHCTPYMEHTa B 00pabaThiBaeMyto OBEPXHOCT. [Ipu oTHOCH-
TEJNbHOW IITyOMHE BHEAPCHU S, MCHBILCH ONPEICICHHON BEJIMYUHBI €, HHCTPYMEHT ¢ 00padaTbIiBaeMOi
MOBEPXHOCTHIO HMEET YIPYTYIO CBSI3b M BBITJIAXXUBAHUS HE TIPOUCXOIUT. [Ipr OTHOCHUTEIBHOM TTyOrHEe
BHEJIpeHMsI, OOJIbILEH ONpeNeIeHHON BETUYHHBI &, IJIACTHYECKOE TEUCHHE MaTepuaia MpeKpamaeTcs
1 HauMHAETCs, pa3pylleHHne IOBEPXHOCTHOrO cjios Aetanu. HopmanbHoe npoTekanue mpouecca odec-
IICYNBACTCS IIPH € > € > €.

st mepexona ot ynpyroi aedopManuy K IJIACTHYECKONW BOCIONB3YEMCS YCIOBHEM IO AaHHBIM
. B. Kparensckoro [14]:

g =—=240—. 7
(== 20— ™

Pacuets! mokassiBarot [13], yTo mpakTHyYecKue 3HAYEHUS €], TPU KOTOPBIX HAYMHAETCS MPOLIECC BbI-
rnaxkuanus, paBusl 0,002—0,004 s 3akanennsix cranei u 0,0002—0,0007 — ayist MATKUX MaTepHAaoB.
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DKCTepUMEHTHI TTOKa3ajd, YTO OTHOCHUTEIbHYIO0 TIyOomHy BHeapeHus & = 0,01-0,02 MoXHO cuHWTaTh
npeenbHoi. HeoOxonuMast BeJTMUrMHa OTHOCHTEIIbHON TTyOHUHBI BHEAPEHUS BEIOUPACTCS MEKTy MUHU-
MaJIbHOW U MAaKCUMaJIbHOW Ha OCHOBaHWM PEKOMEHJAllMi, TPUBEIEHHbIX Aajee. PaccunTaHHas TakuMm
00pa3oM cuIia BeITITAKUBAHUS P I0JKHA 00€CIICYHUTh MOTyYCHUE 33/ IaHHOTO Ka4eCTBa MOBEPXHOCTH.

B mporiecce BhITIIaXMBaHHS B 30HE KOHTaKTa MHCTPYMEHTA C JIETANIbI0O BO3HUKAIOT CUJIBI TPEHHUS,
KOTOPBIE BIIMSAIOT Ha MPOIECC MPOTEKAHUS TIACTHICCKON aeopMaliny, HarpeB HHCTPYMEHTA U JeTa-
71, Ka4ecTBO o0OpabaThiBacMON MOBEPXHOCTU. TpeHne BO3HUKAET BCICACTBUE ASPOPMUPOBAHUS TOH-
KOTO IOBEPXHOCTHOTO CJIOSi Marepuajia o0padaThiBaeMOM ACTaM BHEIPUBIIMMCS HHCTPYMEHTOM
Y TIPEOJIOJICHUS aJr€3UOHHBIX CBS3CH, BO3HUKAIOIIUX MEKY HHCTPYMEHTOM M 00pabaThiBaeMoii 1o-
BEPXHOCTBIO. YCTaHOBJICHO [15], 4TO B cilydae TpEeHHUS B YCIOBHSX IIACTHYECKOTO KOHTAKTa KOA(PHU-
IUEHT TPEHUS MOYKHO OTPECIIUTH CIECTYIOIINM 00pa3oM:

f :fued) +fe‘111ra (8)

TO€ frey — A€POPMALMOHHAS COCTABIAIOMAS KOOYPUIUHMEHTA TPEHUS, foyr — AATE3MOHHASA COCTABIIAIO-
mias ko dunuenrta Tpenus (0,01-0,05).

W3menenne kodpduureHTa TpeHUs IPU pa3InYHbIX PEKUMaX BHITIAKUBAHUS IIPOUCXOJUT 38 CUET
JiehOpPMAITMOHHOM COCTABJISIONICH, TaK KaK aJre3MOHHAsi COCTABIISIFOIIAsI 3aBUCHT TOJIBKO OT o0Opaba-
THIBAEMOT'0 MaTepHaJa 1 ero MmepoXOBATOCTH U HE 3aBUCUT OT PEIKUMOB 00pabOTKH.

JedopmarmonHas cocTaBIsionias KodhGuIneHTa TpeHus MOKET OBITh paccunTana 1o dpopmyire [13]

031 [P
= 2 — 9
Jae = \VHV ©

h
facp = 0,55\/%. (10)

[IpupaBusB npassie yactu ypaBHeHui (9) u (10), momydnm

031 /izo,ss\/z (12)
R \HV R

ITocie HEKOTOPHIX TpeoOpa3oBanmii BeIpakeHue (12) MOKHO 3ammucaTh B BUIE

nin

O1P _ o 3m, (13)
RHV

OTKy,Z[a CHuJia BBITJIA)KHUBAHU A
P =3hRHV. (14)

[oacraBnsisa B hopmyiny (14) BeipaxkeHue 1u1sl /1 U3 3aBUCUMOCTH OTHOCUTEJILHON TITyOHHBI BHEAPE-
HUS € = /R, IOITy4YuM BBIPAKCHUE JIs ONIPEICIICHUSI CHUIIbI BHITTIAXKMBAHMSL:

P=3gHVR?. (15)

PexoMentyemble 3HaUECHUSI OTHOCUTEILHOTO BHEAPEHUS € JUISI OTIICIIOYHO-YITPOUHSIIOIIETO PEKUMa
00paboTKH MATKUX MAaTepUaioB U 3akajeHHbIX cTtanei paBHbI 0,0025 u 0,005 coOTBETCTBEHHO.

Takum 00pa3oM, ONTHMAIBHOE 3HAYCHUE CUJIbI BBITIAXKUBAHUS P I OTACIOYHO-YIIPOYHSIFOIIET0
peKIMa MOXKHO OIPEJICIIUTh 110 CISAYIOMUM (HOpMYyIIaM:

JUTS 3aKAJICHHBIX CTAJICH U IPYTrUX MaTepUasioB BRICOKOW TBEPAOCTH

P=0,015HVR?; (16)
JUTSL MaTE€pUaJIOB HEBBICOKOU U Cpe/IHEN TBEPAOCTH
P=0,0075HVR?. (17)

HpI/I OINITUMAJIBHBIX 3HAYCHUAX CHUJIbI BbITJIAJ)KMBAHUSA HCXOAHBIC HEPOBHOCTHU IIOJIHOCTBHIO CIjia-
JKUBAIOTCS U 00pa3yeTcsl IIepOXOBaTOCTh, OOYCIIOBJIEHHAs CAMHM IPOLECCOM BBITTIAXHUBaHUS [16].
JlanpHelilee yBelIMUeHUE CUIIbI BBIMIAKUBAHUS yBEIMUYMBAET IIACTUYECKHE NCKAKEHUSI, MOXKET MpH-
BECTH K pa3pyLICHUIO0 HOBEPXHOCTHOI'O CJIOS M MOSBJICHUIO TPELMH HAa 00paboTaHHOHM MOBEPXHOCTH.
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IMonyuyeHHbIE pe3yabTaThl H UX 00CYy:KAeHHe. B KauecTBE NCXOMHBIX JaHHBIX OBLIH BHIOPAHBI 00-
pasusl D = 50 MM HEKOTOPBIX PACHPOCTPAHCHHBIX MAPOK 3aKAJICHHBIX CTajJeil U MATKUX MaTEpHUAasoB,
panuyc pabodeit yacTu anma3Horo HakoHeunwnka 2,0 MM u 3,4 MM, COOTBETCTBEHHO. VIcxomHas mepo-
xoBatocTh Ra = 0,63—1,25 MkM 1J1s 3aKalleHHBIX cTaneil u Ra = 0,63—5,0 MKM — U1 He3aKaJICHHBIX
cTaJieil M IBETHBIX CIUIABOB. B pe3ynbTaTe BBHIMOJHCHHBIX PACUETOB IMOTYYCHBI CICAYIONINE 3HAUYCHU S
CHUJTBI BBITJIAXKUBAHUS JJIs1 HEKOTOPBIX MapoK MaTepuaioB (Tadi. 1 u 2). B ckoOkax mpencTaBieHbl YHC-
JIOBBIC 3HAYCHHUSI, MIOJIYUYSHHBIC ¢ MCIIOJIb30BAHUEM BbIPaKCHUsI JUIsl Ae(POPMAIIMOHHON COCTAaBISAIOMICH

KOd(pPUIIUEHTA TPEHUSI.

Tadoawmma 1.

PacueTHble 3HAYEHUA ONITHMAJILHOMN CHJIBI npu OTACJI0YHO-

YIPOYHSIOIIEM peskuMe 00padoTKku MATKHX cTajiell u ciiiasos (S 210 HB) npu ¢ = 0,0025,

Table 1.

R=3,4mm

Calculated values of the optimal force with the finishing and hardening mode

of handling of soft steels (< 210 HB) when £ =0.0025, R = 3.4 mm

Mapka marepuana B repuirieckoit HB, Tgcsficcin HRC HV P,H
o6paboTku He Gosee o H/an ’
Cranb 45 Hopmanuzanus 197 275 - 197 157 (171)
Cranb 20X Hopmanuzamus 167 215 - 167 133 (145)
Jlarynp nmuretinas JIH40C - 70 - - 70 56 (61)
AJIFOMUHUEBBIHN JINTEH-
Hbli crtaB AK12 - 50 - - 50 40 (43)

-
/
0,10 /,/
008 — 4
/
0,06 /

0,04
e

/| —
3 /
0,02
//
4
0 100 200 300 P,H

Puc. 2. 3aBucuMocTh K0 puunenTa Tpenus fr,
(xpuBsle / u 3, ctanp 45, 197 HB, R = 3.4 mm)
U ero JAe(OopMalUOHHOH COCTABIAIOMEN fieq,
(kpuBsie 2 u 4, ctanb 9XC, 63 HRC, R = 2,0 mm)
OT cuiiel P
Fig. 2. Dependence of the coefficient of friction
fir (curves 1 and 3, steel 45, 197 HB, R = 3.4 mm)
and its deformation component fy.r (curves 2
and 4, steel 9XC, 63 HRC, R = 2.0 mm) on the
force P

Taodnuuoa 2. PacyerHble 3HAYEHHS ONTUMAJIBHOMN CHIIBI
NPH OT/IeJI0YHO-YTIPOUHSIOIIEM pekiMe 00padoTKH 3aKaJIeHHbIX
craJjeii npu € = 0,005, R =2,0 mm
Table 2. Calculated values of the optimum strength during
the finishing-hardening treatment of hardened steels when € = 0.005,

R=2.0 mm
. TIpenen
Mapka mare- Bun repmuueckoit HB,
puasa 00paboTku He Oonee TequeCT]; HRC HvV A H
Gy, H/MM
Cranp 3akanka, Hu3kui | 480 1030 — 501 291
IX1s OTITYCK (301)
Craib 3akanka, HU3KUi - - 63 763 | 443
9XC OTILYCK (459)
Cranp 3akajika, HU3KHI - — 61 715 415
XBI' OTITYCK (429)
Cranb - 229 380 - 229 133
110T°13J1 (137)

Pacxoxxnenue pacdeTHBIX 3HAUCHH JBYX BapHaHTOB
OTIPEJIeIIEHNSI CHIIBI BBITITAXKHBAHUS cOCTaBIsAeT 10 4 % s
3aKaJeHHBIX cTanedl u 10 9 % 1 MATKUX MaTepualioB.
B memom pe3ynbTaThl CBHACTEIBLCTBYIOT 00 aleKBaTHOCTH
METOJUK, a IOJYUYEHHbIC 3HAUCHUS CJEeNyeT paccMaTpH-
BaTh KaK OPHUEHTHPOBOYHELIE MPH pa3pabOTKe TEXHOJIOTHH
aTMa3HOTO BBITIaXUBaHHUSA. OKOHYATENBHO PEXHMBI 00-
pabOTKU YTOUHSIOTCS SKCICPUMEHTAIbHO TPHU BHEAPCHUH
rpoiiecca B MPOU3BOJICTBO.

Ha puc. 2 npeacrasieHsl rpaduku 3aBUCUMOCTH KO3(-
(uunenTa TpeHU fr, ¥ €ro AeGOPMAMOHHOK COCTABIIAIO-
meu fﬂeq) OoT cuibl P npu aimMa3HOM BBITJIA)KMBAaHUU HEKO-
TOPBIX cTaliel. 3HaueHUs AePOPMAIIMOHHON COCTABIISIONICH
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K0>()UIUEHTa TPEHUS fro PacCUMTaHbl 1o Gopmyne (9). AAre3moHHas COCTaBNAIOMIAS TPHHATA
Janr = 0,035 — 17151 3aKaNeHHBIX cTaNel U f,,r = 0,05 — 11t HOpManu3oBaHHBIX ctanei [13]. [Ipu yBenu-
YEHUU CHJIBI BBITJIQXKHBAHUS KOOPOUIUECHT TPEHUS U ero JeOpMaIlMOHHAsI COCTABIISIIOIIAS PACTYT,
a aIre3MOHHAs COCTABJISAIOIIASI OCTAETCS TPUMEPHO MOCTOSHHON. AHAJIOTHYHBIA BUJ] HMECT 3aBUCH-
MOCTb KO3 PUIIMEHTA TPEHUS OT INIyOHMHBI BHEIpEHU BbIraxkuBaTens. Koadduiment rpenns 3apu-
CHUT TaKKe OT TBEPIOCTH 00padaThIBAEMOr0 MaTepHraia. YCTaHOBIICHO, UTO C YBEITMUYEHUEM TBEPIOCTH
KOA(DPUIIHEHT TPEHHUS YMEHBIIACTCS, YTO OOBICHACTCS YMEHBIIICHHUEM ero Te(OpMaITMOHHONH COCTaB-
nstrotiet [em. (10)].

3akuiouenne. [IpencraBiieHHas METOAMKA OINpPEEIIEHUS CHIIBI B3aWMOAEHCTBUS MHCTPYMEHTa
¢ 00pabaTpiBaeMOl MOBEPXHOCTHIO TO3BOJISIET YCTAHOBUTH ONTHMAIbHOE 3HAYCHUE CUJIBI BBITJIAKH-
BaHUS JUIS OTACIIOYHO-YIIPOYHSIOIIET0 pekuMa o0paboTku. B kadecTBe mpumepa MpUBEACHBI pe-
3yJBTaThl pacdeTa CUJIBI BHITJIAXWBAHUS IS HEKOTOPBIX MapOK MSTKUX MarepuajioB (paguyc Ha-
KoHeuHHKa R = 3,4 MM) U 3akajJieHHBIX cTajei (R = 2,0 MM), B TOM YHCIIE Yepe3 ae(hopMamnoHHy o
cocTaBsoNyto kodddunnenta Tperus. OTMevaeTcsl 10CTaTOYHAS I MPAKTHUYECKHUX IeJel cXo-
JMMOCTb pe3yJbTaToB IO JABYM BapuaHTaM pacdeTa. C yBeIHWUYEHUEM CHUJIbl BBITJIA)KMBAHUS yBEIHU-
yuBaeTcad KOd(Q(ULUHUEHT TPEHUS 3a CUET pocTa ero AeGOpManHMOHHONH COCTAaBISIOLICH, YTO MILIIO-
CTPUPYETCSI COOTBETCTBYIOIIUMH I'pad)HuECKIMHU 3aBUCUMOCTSIMU. Pe3ylibTaThl HeclieOBaHUS MOTY T
OBITH MCTIONTB30BAHBI MTPH pa3pabOTKe TEXHOJIOTHH W BHEAPEHHUH TPOIlecca aliMa3HOTO BBHITIAXKHBa-
HHA B IIPOU3BOJCTBO.

CnucokK ucnoJib30BaHHBLIX HCTOUHHKOB

1. CmensiHckmit, B.M. Mexanuka yhnpo4yHeHHsI JAeTajell [MOBEPXHOCTHO-IUTACTHYECKUM aedhopMHpOBaHHEM /
B.M. Cmensguckuii. — M.: Mamunoctpoenue, 2002. — 300 c.

2. bobposckuii, H. M. PazpaboTka HaydHBIX OCHOB IIpolnecca 00padOTKH JeTajieil MOBEPXHOCTHO-TIACTUYECKUM JIe-
(hopmupoBaHuEM 0e3 MPUMEHEHHU ST CMa309HO-0XTaK Jaromux xuakocreid / H. M. booposckwuii. — TonbsiTTi: ToneATTHH. TOC.
yH-T, 2008. — 170 c.

3. I'y6anos, B. ®. BeirmaxxuBanue: kauecTBo, TEXHOJIOTHH, HHCTPyMeHTEI / B. . I'y6anos. — M.: U3n. nom Akan. ecte-
crBo3Hanwus, 2013. — 70 c.

4. Opuunos, JI.I. YnpouneHue u oTAenKa AeTajeil MHOBEpXHOCTHO-TUIACTHYECKUM Ae()OPMHPOBAHUEM: CIIPABOYHUK /
JI.T. OnuuuoB. — M.: Mamunoctpoenue, 1987. — 328 c.

5. Yema, I1. A. DxcryaTanuoHHble cBoWcTBa ymnpouHeHHbIX netaneid / II.A.Yema, B.A. AHIpusHUH; 1OX pel.
O.B. bepectneBa. — Munck: Hayka u Texnuka, 1988. — 192 c.

6. I'ypos, P.B. MeTozmonorus npoeKTHPOBAHUS ONEPALUil OTAEI0YHO-yIPOUHsIone 00paboTku aeTaneil MamuH
MOBEPXHOCTHO-TUIacTHYecKuM aedopmupoBanueM / P.B. I'ypos // BectH. bpect. roc. TexH. yH-Ta. — 2010. — Ne4 (28). —
C. 17-23.

7. brromenmreiin, B. 1O. McciaenoBanne 0CTaTOYHBIX HAMIPSHKEHUH TIOBEPXHOCTHOTO CJIOS B IMPOIIECCaX MOBEPXHOCTHO-
ro miactuyeckoro aepopmuposanns / B. 1O. batomenmeitn, M. C. Maxanos / Bec. Ham. akan. maByk bemapyci. Cep. ¢i3.-
TOXH. HaByK. — 2015. — Ne3. — C. 41-48.

8. Menpuukos, [1.A. Ontumuzanust mnapaMeTpoB IpoIecca BBITJIAXKHBAHUS B IPOM3BOJICTBEHHBIX YCIOBHSIX
C IIEJIBIO TTOJTyYCHHSI IIOBEPXHOCTH, IPUTOAHON /ISt pabOTHI B YCIOBUSAX TUApoaHaMudeckoro Tpenus / I1. A. MenbHHKOB,
H.M. Bo6posckuii / Bekrop nayku TT'Y. — 2011. — Ne2 (16). — C. 65-67.

9. Tutos, B.A. TloBblleHne pecypca H3AeNUH W3 TUTAHOBBIX CILUIABOB METOJIOM ajMa3HOI'O BBITJIAXHBAHUS /
B.A. Turtos, A.B. Turos // Ky3neuHo-mramMnoBouHoe mpou3BoacTo. — 2010. — Ne4. — C. 18-24.

10. PsizanoBa-XutpoBckas, H.B. HekoTopble myTu mnoBbiiieHUsT 3(GGEKTHBHOCTH Ipolecca aaMa3HOTO BBITIAXKH-
Banus / H.B. Ps3anoBa-Xurposckasi, 1. H. ITenxoB, H. B. KprokoBa // Bucoki TexHojorii B MamuHoOyayBaHHi. — 2015, —
Bum. 1 (25). - C. 173—182.

11. Yema, I1. A. TexHOMOrNYECKHE OCHOBBI YIPOYHEHHUS JeTajlell MOBEPXHOCTHO-TNIACTHYCCKIM J1e(hOPMUPOBAHUEM /
I1. A. Yena. — Munck: Hayka u TexHuka, 1981. — 128 c.

12. Ocobennocty GopMHUPOBAHNUS TITYOUHBI YIIPOYHEHHS NMPpH 00paboTKe AeTajel IMOBepXHOCTHO-TNIACTHYECKUM JIe-
¢dopmuposanuem / 1. H. Orenntii [u ap.] / MexayHnap. )KypH. IpuKIa1. U GyHIaMeHT. uceien. TexH. Haykn. —2016. — Ne12. —
C. 452-455.

13. Top6wuio, B.M. Anmasnoe Beirinaxusanue / B. M. Top6uio. — M.: MamuHoctpoenue, 1972. — 105 c.

14. Kparensckwuii, U. B. Tpenne n uznoc / . B. Kparensckuii. — M.: MammnHocTpoenne, 1968. — 480 c.

15. Muxus, H. M. Tpenue B ycnoBusx miactuueckoro konraxkra / H. M. Muxun. — M.: Hayka, 1968. — 104 c.

16. TexHonoruyeckue 0COOCHHOCTH (OPMUPOBAHUS ITAPAMETPOB KauecTBa MIOBEPXHOCTHOTO CJIOS MPU aJIMA3HOM BbI-
TNIQ)KMBAaHUHU B YCIOBHSX HHTErprupoBaHHoi 06paboTku / B. 1. Cxuba [u np.] // O6paboTka MeTasioB (TEXHOIOTHs, 000py-
JIOBaHHE, HHCTPYMEHTHI). — 2015. — Ne 3 (68). — C. 31-41.



316 Proceedings of the National Academy of Sciences of Belarus. Physical-technical series, 2020, vol. 65, no. 3, pp. 310-316

References

1. Smelyanskii V. M. Mechanics Hardening the Details of the Surface-Plastic Deformation. Moscow, Mashinostroenie

Publ., 2002. 300 p. (in Russian).

2. Bobrovskii N. M. Development of the Scientific Basis for the Processing of Parts by Surface-Plastic Deformation
without the use of Lubricant-Coolants. Togliatti, Togliatti State University, 2008. 170 p. (in Russian).
3. Gubanov V. E. Smoothing: Quality, Technologies, Tools. Moscow, Publ. House of the Academy of Natural Sciences,

2013. 70 p. (in Russian).

4. Odincov L. G. Hardening and Finishing of Parts by Surface Plastic Deformation. Moscow, Mashinostroenie Publ.,

1987. 328 p. (in Russian).

5. Chepa P. A., Andriyanin V. A. Berestnev O. V., ed. Performance Properties of Hardened Parts. Minsk, Nauka i tekh-

nika Publ., 1988. 192 p. (in Russian).

6. Gurov R. V. Methodology of designing operations for finishing and hardening processing of machine parts by sur-
face-plastic deformation. Vestnik Brestskogo gosudarstvennogo tekhnicheskogo universiteta [Bulletin of the Brest State

Technical University], 2010, no. 4 (28), pp. 17-23 (in Russian).

7. Blumenstein V. Y., Makhalov M. S. Investigation of residual stresses of the surface layer in the processes of surface
plastic deformation. Vestsi Natsyyanal 'nai akademii navuk Belarusi. Seryya fizika-technichnych navuk = Proceedings of the
National Academy of Sciences of Belarus. Physical-technical series, 2015, no. 3, pp. 41-48 (in Russian).

8. Mel'nikov P. A., Bobrovskii N. M. Optimization parameters of the smoothing process in production conditions in or-
der to obtain a surface suitable for work in conditions of hydrodynamic friction. Vektor nauki TGU [Science Vector Togliatti

State University], 2011, no. 2 (16), pp. 65—67 (in Russian).

9. Titov V. A., Titov A. V. Increasing the life of titanium alloy products by diamond smoothing. Kuznechno-
shtampovochnoe proizvodstvo [Forging and Stamping Production], 2010, no. 4, pp. 18—24 (in Russian).

10. Ryazanova-Khitrovskaya N. V., Pyzhov I. N., Kryukova N. V. Some ways to improve the efficiency of the dia-
mond smoothing process. Visoki tekhnologii v mashinobuduvanni [High-Technologies in Mechanical Engineering], 2015,

issue 1 (25), pp. 173—182 (in Russian).

11. Chepa P. A. Performance properties of hardened parts. Minsk, Nauka i tekhnika Publ., 1988. 192 p. (in Russian).

12. Otenii Y. N., Privalov N. I., Shchegolev N. G., Murav’ev O. P., Tkacheva Yu. O. Features of forming the depth of
hardening when processing parts by surface-plastic deformation. Mezhdunarodnyi zhurnal prikladnykh i fundamental nykh
issledovanii. Tekhnicheskie nauki [International Journal of Applied and Fundamental Research. Technical Science], 2016,

no. 12, pp. 452—455 (in Russian).

13. Torbilo V. M. Diamond Smoothing. Moskow, Mashinostroenie Publ., 1972. 105 p. (in Russian).

14. Kragielskii I. V. Friction and Wear. Moskow, Mashinostroenie Publ., 1968. 480 p. (in Russian).

15. Mihin N. M. Plastic Contact Friction. Moskow, Nauka Publ., 1968. 104 p. (in Russian).

16. Skiba Y. V., Pushnin V. N., Kornev D. Yu., Parts K. A. Technological features of the formation of surface layer qua-
lity parameters for diamond smoothing under integrated processing conditions. Obrabotka metallov (tekhnologiya, oborudo-
vanie, instrumenty) [Metal Processing (Technology, Equipment, Tools)], 2015, no. 3 (68), pp. 31-41 (in Russian).

HNudopmanus 06 aBTopax

JHomacesuu Bumanuu Bauecnasosuu — acnupant, [o-
MEJIBCKAH TOCYIapCTBEHHBIH TEXHUYECKHH YHHUBEPCHTET
uMm. I1.O. Cyxoro (mp. Oxts6ps, 48, 246746, I'omens, Pe-
cnyOnuka benapyce); HHKEHEP-KOHCTPYKTOp OIOpo cTaie-
IUTaBUJIBHOTO NTPOU3BOJICTBA YIIPABICHUS POSKTHPOBAHUS
u pexoHcTpykuuu, OAO «bM3 — ymnpaBisiomas KOMIaHus
xonauara « BMK» (yn. [Ipomsrmnennast, 37, 247210, XKio-
oun, [omenbckas o0n., Pecnmybmmka bemapycs). E-mail:
domasevich-v@yandex.ru

Axmemos Tumyp Ano@hpumosuy — HaYaIbHUK METHU3HON
nabopaTopuu uccienoBarenbeckoro neHTpa, OAO «bM3 —
yrpasisiomas kommnaaus xoinanara «BMKy (yin. [Ipomerm-
nenHas, 37, 247210, XKnobun, 'omensckas o61., Pecriyonu-
ka benapycs). E-mail: metiz.to@bmz.gomel.by

Kynveetiko Muxaun Ilemposuu — KaHIUJAT TEXHUYE-
CKHX HayK, nomeHT kKadenpsl «I'paduxa», bemopyccknit
TrOCy/apCTBeHHBII yHUBepcHTeT TpaHcmopTa (yi. Kwupo-
Ba, 34, 246653, Tomens, Pecniybnuka benapyce). E-mail:
kulgeyko82@rambler.ru

Information about the authors

Vitaliy V. Domasevich — Graduate Student, P.O. Sukhoi
State Technical University of Gomel (48, Octiabria Ave.,
246746, Gomel, Republic of Belarus); Design Engineer
Bureau of Steel Production, Management of Design and
Reconstruction, OJSC “BSW - Management Company
of Holding “BMC” (37, Promyshlenaya Str., 247210,
Zhlobin, Gomel Region, Republic of Belarus). E-mail:
domasevich-v@yandex.ru

Timur A. Ahmetov — Head of the Hardware Laboratory of
the Research Center, OJSC “BSW — Management Company
of Holding “BMC” (37, Promyshlenaya Str, 247210, Zhlobin,
Gomel Region, Republic of Belarus). E-mail: metiz.to@bmz.
gomel.by

Mikhail P. Kulgeyko — Ph. D. (Engineering), Associate
Professor of the Department “Graphics”, Belarusian State
University of Transport (34, Kirov Str., 246746, Gomel,
Republic of Belarus). E-mail: kulgeyko82@rambler.ru



