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MogaenroBanHs KoedilieHTa OMOPY NepeMillleHHIO
METaJIeBOI CTPYKKHU
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«XapkiecbKul asiauitiHut iHcmumymy»

Y cTaTTi npeacTaBneHo TEOPETUYHI Ta NPaKTUYHI JOCNIMKEHHS HanpaBneHi Ha BCTAHOBMEHHS
3aKOHOMIpHOCTEN 3MiHM KoedilieHTa onopy NepeMiLLeHHI0 CTPYXKM B 0611acTi MOXIMBOT 3MiHU
napameTpis  CUCTEMM  KOMMJIEKCHOTO  BMKOPWUCTAHHSA  MaCTUINbHO-OXONOAXYBarbHOMo
TexHonoriyHoro cepenosuLla. lNpun NnpoBeaeHHi ekcnepMMeHTanbHUX AOCHiAKEHb NapaMmeTpu,
LLIO Bapilol0TLCA, 3MiHIOBanNucs B dianasoHax: napameTp wopcTtkocTi Rz = 1...500 mkm (Rz = 1,
25, 100, 300, 500); TMck y o06csa3i HakonuveHoi cTpyxkku p = 0.00275...0.00975 Mrla
(p = 0.00275, 0.0055, 0.0075, 0.00975); BonoricTe 3miHIOBanacs Ha ABOX PiBHAX (HagnULLKOBa
HasiBHICTb i MOBHA BIACYTHICTb Boau). PesynbTaTh OocnifjkeHb nokasanu, o Hanbinbimi
BMNIIMB BUSIBNSAE BapilOBaHHA nNapamMeTpa LIOPCTKOCTi (30inblieHHs KoedilieHTa onopy
NnepemilleHHI0 CTPYXXKU MpubnnsHo B 3 pasu). ICTOTHUI BNAMB BUSIBIISIE TAKOX 3MOYYBaHHS
(36inblUEHHsT KoedilieHTa onopy NEpPEMILLEHHIO CTPYXKM B 2 - 3 pa3n). HanmeHwui Bnnve 3
PO3rMAHYTUX MNapamMeTpiB BUSBMASE 3MiHA TUCKYy B OOCSH3i CTPYXKKM, WO NepeMmilyeTbCs
(3MeHLLeHHs koedilieHTa onopy NepeMilLleHHI0 CTPYXKKM NpmbnuaHo B 1.8 pasn). MakcumanbHa
3MiHa 3HayeHb KoediuieHTa Onopy MEepeMmilleHHIO CTPYXKW Yy AOChiSKEeHOMY Aiana3oHi
BapitoBaHHA napameTpiB ctaHoBuTb 0.23...1.36, T06TO, NpMbnu3Ho B 6 pasis. Ha ocHoBI
pe3ynbTaTtiB eKCnepuMmeHTanbHUX AocChifkeHb po3pobneHi perpecinHi  mMogeni  3MiHu
KoediLieHTa onopy nepeMilleHHI0 MeTaneBoi CTPYXKKW, SKi SKicHO fobpe cniBBigHOCATHCS 3
BiJOMMMUM B TPUBOTEXHIL 3aKOHOMIPHOCTAMM 3MiHW KiIHEMATUYHOTO KoedilieHTa TepTa MeTany
no MeTany " agekBaTHO BCTAHOBJIOOTb Bi4NOBIAHI KifbKICHI CiBBIOHOLWEHHSA B 4OCMIAKEHOMY
JianasoHi MOXNWBOI 3MiHW MapaMeTpiB  CUCTEMM CUIIOBOrO  BMMAMBY  MacTUMbHO-
OXONOo4KyBarnbHOro TEXHOMOrYHOro cepeaosua. OTpumaHi Mogerni MoXyTb OyTV BUKOPUCTaHI
ONs pilUEeHHs1 LUIMPOKOro Kora 3aBAaHb, MOB'A3aHWX 3 ONTMManbHMM MPOEKTYBAHHAM CUCTEM
KOMMNIIEKCHOIO BUKOPUCTAHHSA MaCTUIbHO-0XOJO4)KYBarlbHOro TEXHOMOrYHOro CepefoBuLLa.
Knroyoei crioga: LWOPCTKICTb, MacTUITbHO-OXOMOM4XyBalnbHe TEXHOMOMYHE CcepefoBuLle,
MOTC, Tuck, 3MOYyBaHHs, perpeciviHi mogeni.

BcTtyn

CTivkolo  TEHOEHUIE Cy4yaCHOro MalmHOOyaiBHOroO  BUMpPOOHMUTBA €
BesnepepBHE NiABULLIEHHA MOr0 NPOAYKTUBHOCTI | AKOCTi NPOAYKU,T, LLO BUNYCKAETLCS.
Lle BU3Hayae akTyanbHICTb NOLYKY LWNAXIB NiABULLEHHS €DEKTUBHOCTI TEXHOSOMNYHNX
onepauin MawwnHOOyayBaHHSA, WO He BuMarawTb MacwTabHux BuTpaT Ha
BOOCKOHantoBaHHA OCHOBHOMO yCTaTKyBaHHS N NPUCTPOIB.

OpgHe 3 HanpamkiB peanisauii Uiel TeHOeHUil IpyHTYETbCA Ha KoHuenuil
KOMMMEKCHOTO  BMKOPWUCTAHHA  MacCTUIbHO-OXOMNOKYBANbHOMO  TEXHOSOMYHOrO
cepeposuwa (MOTC) B ymoBax aBToMaTu3oBaHoro supobHuyTtea [1, 2]. KoHuenuis
nepenbavae ogHovacHe BukopuctaHHa MOTC anga 3amaweHHs 1 OXONOKEHHST 30HU
pi3aHHs1, CUIOBOro BNIMBY Ha 06poONtoBaHi NOBEPXHI, BiAOKPEMIOBAHY CTPYXKY i T.i.
3 METOH0 NiABULLEHHSA NPOAYKTUBHOCTI 0BPOBKM i AKOCTi NOBEPXOHb.

MogentoBaHHs cuctem cunooro Bnnmey MOTC Ha meTaneBy CTPYXKY 3 METOHO
IX ONTUMAanbLHOrO MPOEKTYBAHHA MPUMNYCKae BCTAHOBMEHHA 3aKOHOMIPHOCTEN 3MiHU
KoediuieHTa ii onopy nepemileHHo no obpobnoBaHMX NOBEPXHAX Ta Mo 6a3oBux
noBepxHsx. HesBaxkatoum Ha HasABHICTb 3HAYHOI KiNbKOCTI (byHAaMeHTanbHUX pobiT B
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obnacti TpuboTexHikn [3, 4, 5], 3aKOHOMIPHOCTI BMNMBY OCHOBHMX MapameTpiB
TEXHOMOrYHMX cucTem (LWOPCTKOCTI Rz, TUCKY B 0OCA3i HaAKOMUYEHOI CTPYXKU P,
Bonorocti W i T.n.) Ha onip nNepemilleHHI0 CTPYXKN NPaKTU4YHO He BCTaHOBIIEHI.
HanmeHwwo Mipoto JocnifiXeHUn CifibHUW BNMB LUMX NapaMeTpiB.

BuknageHe BM3Havae akTyanbHICTb MPOBEOEHHA cheuianibHUX OO0CHIKEHb,
CMPSIMOBaAHUX Ha BCTAHOBMEHHA 3aKOHOMIPHOCTEM 3MiHM KoedpiuieHTa onopy
nepeMilLEeHHIO CTPYXKKM B 06nacTi MOXIIMBOI 3MiHW NapaMeTpiB CUCTEM KOMIMIIEKCHOMO
BukopuctaHHa MOTC. KoHKpeTHOK MeToto Liei poboTn € MoaentoBaHHA KoediuieHTa
ornopy MepeMilleHHIO MeTaneBol CTPYXKWM ANS pilleHHs 3aBhaHb ONTUManbHOro
NPOEKTYBAHHA CUCTEM KOMMMeKCHoro BukopuctaHHa MOTC.

EKcnepumeHTan bHa YaCTUHa

[nsa [oCArHeHHs MOCTaBfeHol MeTuM Ha cneuianbHOMY MNOBHOPO3MIPHOMY
CTEHAOI BMKOHAHUM KOMMJIEKC eKCrnepuMeHTanbHUX OOochigXKeHb. Y BignoBigHICTb i3
NPOBEeAEHUM MNMaHyBaHHAM €KCNepUMEHTY, AOCNIMKEeHHA BUKOHaHI Yy dopmi
noBHodpakTopHoro ekcnepumeHTty (MOE) surnsay 34 MNpu npoBeaeHHi AocnigkeHb
napameTpu, WO BapiloTbCS, 3MiHIOBaNncs B gianasoHax:

- napameTp wopcTkocTi Rz = 1...500 mkm (Rz = 1, 25, 100, 300, 500);

-TUCK y o06casi HakonuyeHol cTpyxkum p = 0.00275...0.00975 Mrlla
(p = 0.00275, 0.0055, 0.0075, 0.00975);

- Bonoricte W 3MiHIOBarnacsa Ha [BOX PiBHAX (HagnULIKOBA HasiBHICTb i NOBHaA
BiACYTHICTb BOAN).

3 MeTow BapitoBaHHS i3MKO-MEXaHIYHMX BIIACTUMBOCTEN MaTepiany, LWo
TPaHCNOPTYETLCS, BUKOPUCTOBYBANUCS cTanesa 1 arntoMiHieBa cnipanbHa CTpyXKa,
Wo Mae popMmy MNPYXUHU PI3HOT LOBXUHM N YaByHHA efleMeHTHa CTpyXKa pPi3HOro
nepeTuHy. PeaynbTaTt¥ eKCnepuMeHTanbHOro BU3HAYEHHA 3HaveHb KoediuieHTa
ornopy nepemilleHHIo CTpyxku fc npeacTasneHi Ha puc. 1, 2.

Y pesynbTaTi NpoOBEeOEHHS eKcnepuMeHTanbHUX AOCrigXeHb BCTaHOBIEHe
HacTynHe.

1. 30iNbWEHHA 3HaYeHHs napameTpa LWOPCTKOCTI NpPMBOAUTL OO pPOCTY
3HayeHHs koedidieHTa onopy. Tak, npu 3MiHi Rz B pgocnigkeHoMy AdianasoHi
Rz = 1...500 mkm, 3HaueHHs fc (npm p = 0.0055 MI1a) amiHtotoTbea B mexax 0.32...1.0
(ans crani), 0.32...0.73 (anga antomiHito), 0.36...0.91 (ons yaByHy).

2. 30inblUeHHsA 3Ha4YeHHSA TUCKY B NepeMillyBaHOMY 06CA3i CTPYXKU NPUBOANUTL
A0 3MEHLLEHHS 3HA4YEeHHSA KoediuieHTa onopy (NpubnunsHo B 1.8 pasn). Tak, npn 3MiHi
p B gianasoHi 0.00275...0.00975 Mla, 3HayeHHs fc 3miHIOlOTLCA B Mexax 0.82...0.51
(ansa crani), 0.73...0.41 (gna anominio), 0.91...0.51 (ans yaByHy).

3. 3MOUYyBaHHA CTPYXXKM MPMBOAUTL A0 iCTOTHOrO 36inblUeHHS KoediuieHTa
onopy Ansa BCiX TUMIB CTPYXKWU. 3HayeHHA fc (ans crani, antoMiHilo 1 YaByHy npwu

Rz =1 mkm) 3pocTatoTb: ana p =0.00275 MlMa — npubnusHo B 2 pasu; Ans
p = 0.0055, 0.0075i 0.00975 MlNa — B 2,5... 3 pasw.
4. Tun cTpyxkkn (y [ocnigpkeHoMmy pianasoHi 11 (pisMKo-MexaHivHnX

BNacTUBOCTEN) BUSBMSIE MEHLL ICTOTHUI BB Ha 3Ha4YeHHS KoediuieHTa onopy. MNpu
BapiloBaHHiI 3Ha4YeHb TUCKY P, 3Ha4YeHHs fc BiANoBigHO 4N4a cTani, antoMiHilo 1 YaByHY
cTaHoBNATL (6e3 3mouyBaHHA): npy p = 0.00275 MMa — 0.82, 0.73, 0.91; npwu
p =0.0055 MINa — 0.64, 0.50, 0.64; npn p = 0.0075 MlMa - 0.60, 0.47, 0.60; npw
p =0.00975 MlMa - 0.51, 0.41, 0.51. Npu BapitoBaHHi 3Ha4YeHb NapameTpa LWOPCTKOCTI
Rz, 3HauyeHHs fc BignoBigHO AnNda cTani, anwMiHilo W 4YaByHy cTaHoOBNATH (6e3
3MouyyBaHHA): Rz = 1 mkm — 0.32, 0.32, 0.36; Rz = 25 mkm — 0.64, 0.50, 0.64;

78



Biokputi iHdbopMmaLiviHi Ta koMmn'toTepHi iHTerpoBaHi TexHonorii, Ne 105, 2025

Rz =100 mkm — 0.82, 0.68, 0.82; Rz = 300 mkm — 0.69, 0.64, 0.75; Rz =500 mkm — 1.0,
0.73, 0.91.
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Puc. 1. 'padikn 3MiHK KoedpiuieHTa onopy sk OYHKLIT napamMeTpy LWOPCTKOCTI
(W =0 %) npu Tncky: a) p = 0.00275 Mla; 6) p = 0.0055 MMa;
B) p = 0.0075 Mra; r) p = 0.00975 MIa (1 - ctanb (x); 2 - antoMiHin ([);
3 - yaByH ())

OTpumaHi ekcnepuMmeHTanbHi pesynbTaTty, y Linomy, 4obpe cniBBigHOCATLCA 3
HasBHUMM TpaauLiMHUMKU ysiBaMuX NPO SKICHUA XxapakTep NpOTiKaHHA AOCHim4KYyBaHUX
npoLecis.
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2, 5 — antominin (7); 3, 6 — 4yaByH (0))
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BuknageHe nossonse 3pobutn HaCTymnHi BUCHOBKN:
- OTPUMaHi ekcnepuMeHTanbHi AaHi BigobpaxalTb AOoChigKyBaHi npouecu 3
AOoCTaTHIM CTyneHeM BipOorigHOCTI;
- cepea oocnifxeHux napamMeTpis HanbinbL BaroMMMmn € LWOPCTKICTb Rz, TUCK
p i Bonorictb W.
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TeopeTnyHa YacTUHa

HanbinbLu 3py4HOI0 ANs NPaKTUYHOIO BUKOPUCTAHHS (DOPMOLO NpeaCTaBreHHs
PYHKLIOHaNBbHOro 3B'A3Ky MK JOCIiIgKyBaHMMM NapaMeTpamu € 3anexHiCcTb
f.=F(Rz,pW). (1)
OpHak, mogeni Takoro BUIMMsiAy He A03BONSAKTb BUKOHATM IXHIO rpadoiyvHy
iHTepnpeTadito 1 Bidyanisauito. ToMy, BUKOPUCTOBYOUYM Cy4acHi 3acobu aBTomaTtumaadii
CTBOPEHHS Mofenen, Ha OCHOBI pe3ynbTaTiB eKCnepuMeHTarbHUX AO0ChiIKEeHb
CTBOPEHiI TPMBUMIPHI HEMiHINHI NosliHOMIanbHi Moaeni MHOXWHHOI perpecil gpyroro
nopagky (Tabn. 1) ang BM3HaYeHHS 3HaveHb KoediuieHTa onopy nepeMmileHHo
MeTarneBol CTPYXKN BUrNsay
k . J.
fC:F(Rz,p): > b.-RzJ~p J, 2)
=0’
ae by — koeilieHTN piBHAHHA MHOXWHHOI perpecii (j = 0, 1...K); I;, Jj — nokasHWKu
CTYNEeHS NPU He3aneXHUX 3MiHHUX PIBHAHHA perpecii; K — Yncno YneHiB piBHAHHSA
perpecil.

Tabnuuyga 1
MapameTpy TPUBUMIPHUX HEMIHIMHMX NOSTIHOMIaNbHUX MoLenen MHOXUHHOI perpecii
apyroro nopsaky (W = 0)

]I b; Pl b; ]I b;
Cmanesa cmpyxka ArntomiHiega cmpyxKka YagyHHa cmpyxKa
0|11 -0,039 0|11 -0,04 0|11 -0,057
1102 3,949-103 1102 8,709-103 1(0|2 7,642-103
21011 -81,846 201 -156,587 2101 -143,007
3|00 0,775 31010 1,02 3/0]0 1,039
4 ,11|0| 2249.10-3 |[4|1|0| -21279.10-3 (4|10 2,459-10-3
5|20 -1.958106 |52 0| -2,726-:10-6 | 5|2 |0 -2,456-10-6

Ha puc. 3 npeactasneHa ixHA rpadivyHa iHTepnpeTauiq.
Mogeni (1) npeacTaBneHi Takox y BUrnagi
f. =F'(Rz,p)=c-Rz"“ - p', (3)
ae ¢ — KoeiuieHT piBHAHHA perpecii; k1, K2 — nokasHuKM CTyneHs BignoBigHO Ans
napameTpis Rz i p.
Mogeni Buay (2), Bignosigaroum BuMOram agekBaTHOCTI, MawTb OinbLly
HAOYHICTb | KOMNAKTHICTIO, MalOTb MPUAHATHY NS IHKEHEPHUX PO3PaxyHKiB NOXMNOKY.

W=0%
CraneBa cTpyXkKa
_ 0168 .-0334 _ —
f.=0,057-Rz"™ - p Acep=5,04% Amax= 10,4 % (4)
AntomiHieBa cTpyXKa
f =0,026-RZ°*%-p*™  Aep=41% Amax=12,1% (5)
YaByHHa CcTpyXKa
_ 0,151 -0,46 _ _
f.=0,034-Rz"™ - p Acep=5,35% Amax= 11,7 %. (6)
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Puc. 3. NpadpivHa iHTepnpeTauis TPMBUMIPHUX MOAENEN MHOXUHHOI perpecii 3MiHn
KoedpiuieHTa onopy NepemMilLeHHI0 CTPYXKKM A5l 3Ha4YeHHS1 BONOrocCTi
W =0 % (a — rpacpikn noBepxoHb; 6 — KapTK NiHiN piBHIB)
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BucHoBKu

1. BcTaHOBMEHO BNAMB BapitoBaHHA OCHOBHWX MapamMeTpiB CUCTEM CWUITOBOro
BnnnBy MOTC Ha 3HayeHHs KoeqilieHTa onopy nepemilleHHI0 MeTaneBol CTPYXKN.
Hanbinbwunm BNnvMB BUSBMISIE BapitoBaHHA napamMeTpa LWOPCTKOCT (30inbleHHsa fc
npmbnumaHo B 3 pasun). ICTOTHMI BNNUB BUSBNSE TaKOX 3MOYYyBaHHS (30inblueHHS fc B
2 — 3 pasn). HaimeHwunn BNnAvB 3 poO3rngHyTUX NapamMeTpiB BUABMSE 3MiHA TUCKY B
006CA3i CTPYXKK, LLO NepeMillyeTbCs (3MeHLeHHs fc npubnusHo B 1.8 pasu).

2. MakcumanbHa 3miHa 3HadveHb fc y gocnimkeHoMy AianasoHi BapitoBaHHSA
napameTpiB ctaHoBuTb 0.23...1.36, TO6TO 3MiHIOETLCA NPMBM3HO B 6 pasis.

3. Po3pobneHi perpecivHi mogeni 3MiHM koedilieHTa onopy nepeMilleHHo
MeTarneBol CTPYXKN.

4. HanGinbw NPUAHATHUMW N5 NPAKTUYHOINO BUKOPUCTAHHSA 3 METOHO PilLIEHHS
noctaBfieHNX 3aBAaHb € NOMiHOMIasibHI HEeniHiNHI MoAeni MHOXWHHOI perpecii 2-ro
NOpPSIAKY.

Taknum YnHOM, OTpUMaHi Mogeni MoXyTb ByTM BUKOPUCTaHI ANs po3B’sA3aHHSA
LUMPOKOro Kofla 3aBAdaHb, MOB'A3aHUX 3 OMNTUMAaNbHUM MNPOEKTYBAHHAM CUCTEM
KomnnekcHoro BnkopmnctaHHa MOTC.
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Modeling the coefficient of resistance to the movement
of metal chips

The article presents theoretical and practical studies aimed at establishing the
patterns of changes in the coefficient of resistance to chip movement in the area of
possible changes in the parameters of the system of complex use of the lubricating
and cooling technological environment. When conducting experimental studies, the
varying parameters changed in the ranges: roughness parameter Rz = 1...500 ym
(Rz =1, 25, 100, 300, 500); pressure in the volume of accumulated chips
p = 0.00275...0.00975 MPa (p = 0.00275, 0.0055, 0.0075, 0.00975); humidity changed
at two levels (excessive presence and complete absence of water). The results of the
studies showed that the greatest influence is exerted by the variation of the roughness

83


https://doi.org/10.2118/782-PA
https://doi.org/10.1016/j.triboint.2023.108913
https://doi.org/10.1016/S0301-679X(01)00050-0
https://doi.org/10.1016/0043-1648(94)90178-3
https://doi.org/10.1016/0043-1648(94)90178-3
https://doi.org/10.1115/1.3251622

Biokputi iHdbopMmaLiviHi Ta koMmn'toTepHi iHTerpoBaHi TexHonorii, Ne 105, 2025

parameter (an increase in the coefficient of resistance to chip movement by
approximately 3 times). Wetting also has a significant effect (an increase in the
resistance coefficient to chip movement by 2-3 times). The smallest effect of the
considered parameters is exerted by the change in pressure in the moving volume of
chips (a decrease in the resistance coefficient to chip movement by approximately
1.8 times). The maximum change in the resistance coefficient to chip movement within
the studied range of parameter variation is from 0.23 to 1.36, which represents
approximately a sixfold increase. Based on the results of experimental studies,
regression models of the change in the resistance coefficient to metal chip movement
have been developed, which qualitatively correspond well with the known laws of the
change in the kinematic coefficient of metal-on-metal friction in tribotechnics and
adequately establish the corresponding quantitative ratios in the studied range of
possible changes in the parameters of the force effect system of the lubricating and
cooling technological environment. The obtained models can be used to solve a wide
range of problems related to the optimal design of systems for the complex use of the
lubricating and cooling technological environment.

Keywords: roughness, lubricating and cooling technological medium, MOTS,
pressure, wetting, regression models.
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