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MOLENUPOBAHUE 3HEPITOEMKOCTU NITIACTUYECKOM
OE®OPMALIUM PABOTbI PEXYLLUUX MOBEPXHOCTEW OTPE3HOIO KPYTA
NP ABPA3UBHOWN PA3PE3KE TPYB

PaccmoTpeHbl 0COGEHHOCTVM MOAENMPOBaHMSA SHEPrOEMKOCTU NnacTuyeckon Aedopmaumm paboTbl GOKOBbLIX PEXYLLUMX NOBEPXHOCTEN OT-
pesHoro kpyra npu abpasmBHoun paspeske Tpyb.

AbpasnBHas paspeska MaTepuarnoB, C TOYKN 3peHUsT (M3NYECKMX NMPOLLECCOB, NMPOVNCXOASALLMX B MOBEPXHOCTHBIX CMOAX pa3pe3aeMbix 3a-
rOTOBOK, SIBNISIETCSH OHUM U3 CaMbIX BbICOKOTEMMEPATYPHLIX U BbICOKOMMIACTUYHBLIX MPOLIECCOB MexaHuyeckol obpaboTku. BosHukatowumin npu
paspeske AedopMaLMOHHbIN NPOLIECC OTIMYAETCS HaMPsHKEHHbIM COCTOSIHUEM MOBEPXHOCTHOTO CIOS pa3pe3aeMoit 3aroTOBKM 1 MOXET XapakTe-
pV30BaTbCsl HaMMYMeM Kak CKUMAIOLLMX, Tak U pacTArvBaloLMX HanpshkeHWn, MakcuManbHOe 3HauyeHue KOTOpbiX He Bceraa MMeeT MecTo Ha
NOBEPXHOCTY, @ cMeLLaeTcs Brnybb 06pa3soBaHHOrO NOBEPXHOCTHOTO COSt CEYEHMs AeTanu v MPUBOAUT K €70 U3MEHEHWUIO.

YCTaHOBMNEHO, YTO MPUYMHAMK BO3HUKHOBEHMUSI HAMPSHKEHHOTO COCTOSIHUSI CeYeHWUs nasa SIBMNSeTCS HeOAHOPOAHOCTb NNacTU4eckon
AedopMaunm U nokanbHbI HarpeB MeTanna NoBEepPXHOCTHOrO Cros, a NPU Hanuyuu NpeBpalleHnin — pa3HOCTb 06BEMOB BO3HMKAMOLMX
CTPYKTYp. B 3aBMCMMOCTM OT ycrnoBuit paspeskn HanpshkeHHOe COCTOsHWE NOBEPXHOCTHOrO crnosi ByaeT onpeaensTbCcst NGO AOMUHUPYIOLLUM
BINUSIHNEM OHOrO U3 yKa3aHHbIX (hakTopoB, MO0 COBMECTHbIM UX AEACTBMEM.

Habnionaemoe HeogHOPOAHOE pacnpeAeneHne HanpsPKeHHOro COCTOSHMSA NOBEPXHOCTHOrO CMosi MeTanmna oobsAcHAeTCA AeNCTBUEM ABYX
haKToOpOB — MexaHU4ecKoro (nnactuyeckon aecdopmaumnn), HaBOAALLEro TOMbKO CXUMAIOLLME HaNPsHXKEHWs, U TENNOBOro (Harpeea NoBepXHOCT-
HOro Cros), ABMSIOLLErocs NPUYNHON 06pa3oBaHNS TOMBbKO PaACTAMMBAIOLLMX HAMPSHKEHNIA.

MpuBeaeHb! pesynbTaThbl UCCNEA0BaHUS 3aKOHOMEPHOCTE npoLiecca, KOTopble ONPEAEnsItoT 3HEProeMKOCTb MracTuieckon gedopmauum
npu abpasvBHOW paspeske. QHEProeMKOCTb MpoLecca B CBOK O4epeb OKa3blBaeT 3HaYMTENbHOE BMUSIHWME Ha XOf Npouecca, B 4aCTHOCTU Ha
KayeCTBO U TOYHOCTb U3AENNiA.

MpencraBneHbl aHanMTUYeckne 3aBMCMMOCTM 3HEProeMKOCTU MpoLiecca paspeski, No3BonsoLmMe BnocneacTsum paspaboratb matema-
TUYeckvue MOAEnNV onpeaeneHns CoCTaBNSIOLLIMX CUIbl pe3aHus npu abpasusHoii paspeske.

KnioueBble cnoBa: abpa3vBHas pa3peska, MOBEPXHOCTHbIN COW, mracTudeckas AedopMaumsi, 3HEpProeMKOCTb, HarpeB, cpesaeMblin
CIOW, MexaHn4yeckoe BO3AeNCTBME, LWMPUHA CPe3aeMoro Crosi, NokanbHas 30Ha cABuUra, OTPe3HOM Kpyr, MOAenupoBaHue.
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MODELING THE ENERGY INTENSITY OF PLASTIC DEFORMATION
OF THE CUTTING SURFACES OF THE CUTTING WHEEL
DURING ABRASIVE CUTTING OF PIPES

The features of modeling the energy consumption of plastic deformation of the side cutting surfaces of the cutting wheel during abrasive
cutting of pipes are considered.

Abrasive cutting of materials, from the point of view of physical processes occurring in the surface layers of the cut workpieces, is one of
the most high-temperature and highly plastic machining processes. The deformation process arising during cutting is characterized by the
stressed state of the surface layer of the cut workpiece and can be characterized by the presence of both compressive and tensile stresses, the
maximum value of which does not always take place on the surface, but shifts into the depth of the formed surface layer of the section of the part
and leads to its change.

It has been established that the causes of the stress state of the groove section are the inhomogeneity of plastic deformation and local
heating of the metal of the surface layer, and in the presence of transformations, the difference in the volumes of the emerging structures. De-
pending on the cutting conditions, the stress state of the surface layer will be determined either by the dominant influence of one of these factors,
or by their joint action.

The observed non-uniform distribution of the stress state of the surface layer of the metal is explained by the action of two factors - me-
chanical (plastic deformation), which induces only compressive stresses, and thermal (heating of the surface layer), which is the cause of the
formation of only tensile stresses.

The results of the study of the regularities of the process, which determine the energy intensity of plastic deformation during abrasive cut-
ting, are presented. The energy intensity of the process, in turn, has a significant impact on the course of the process, in particular, on the quality
and accuracy of products.

Analytical dependences of the energy consumption of the cutting process are presented, which subsequently make it possible to develop
mathematical models for determining the components of the cutting force during abrasive cutting.

Keywords: abrasive cutting, surface layer, plastic deformation, energy consumption, heating, cut layer, mechanical impact, width of cut
layer, local shear zone, cutoff wheel, modeling.

AOpasuBHas pa3pe3Ka MaTepHajiOB SBISETCS OJ- g =0,08 &,=-0,42; €3 =0,34, (1
HUM U3 CaMBIX CIIOKHBIX BHJIOB TITyOOKOH IUTacTHUe-
CKO#l nmedopMmanuu MeTaia, OCYHICCTBISIEMON mpu  rae €1, €),€3 — sorapudmudeckue aedopmaruu cpe-
OJHOBPEMCHHOM BO3JCHCTBHM OIPOMHBIX THUAPOCTA-  3aeMOrO CJ10s (CTPYKKH) IO OCAM X, V), Z.
TUYECKUX [TaBICHUI M BBICOKMX TEMIIEpaTyp B IIHPO-
KOM JiMaria3oHe U3MEHEHHUs! CKOpoCTei eopMaliuu.

VYcnoBust  ynpyromactuueckoit  aedopmarin
MTOBEPXHOCTHOTO CJIOS TIPH pa3pe3Ke MeTaia BechMa
CJIOKHBI: JIaBJIEHHUE, CKOPOCTh JieopMalii METalia 1
TeMIIepaTypa Mo rryOHHEe MOBEPXHOCTHOTO CJIOS 3aTy-
XaroT, UMesl MaKCUMYM Ha moBepxHocTH [1-5].

IloBepXHOCTHBIN CJIOM TOBEPXHOCTH JieTajei
Moce pa3pe3ku CTaHOBUTCS IUIACTUYECKU JIehOpMH-
poBanHbIM. CrereHp aedopManvu Mo NIyOMHE MO-
BEPXHOCTHOTO CIJIOSl TIEPEMEHHasi W W3MEHSETCS OT
MAaKCHUMaJIbHOT'O 3HAYCHUA Ha MOBCPXHOCTHU OO HYJIA
Ha ompejeicHHOW TayouHe [6—8]. TemmeparypHbie u
yopyromiacTiieckue nedopMamnnuyd 3aroTOBKH 00Y-
CJIOBJIMBAIOT MCKAXKECHHE C Ta3a, KOTOPYIO OHA IpPUHS-
na Obl mociie octbiBaHus. JledcTBuTeNbHAs (opma
CEYeHU IM1a3a TOIYYaeTCs ¢ YIeTOM YNPYTHX IDIacTH-
geckux nehopmanuii 3arotoBku (puc. 1).

W3 uccnenosanus [1] u3BecTHo, 4To mpu abpa- ;
3MBHOHN paspeske JeTaneil U3 KOHCTPYKIMOHHBIX CTa-
Jell yepeIHeHHas ycaaka CTPY)KKH IO BBICOTE Xapak-

Tepusyercs KO3(D(UIMEHTOM YTOJIICHUS, PAaBHBIM

Hcxaxenne GopMEl Na3a oo Bo3aeiicTenem
KB = ]’ 4’ 110 JIMHE KOZ—)(i)(i)I/IIII/IeHTOM YKOPOYECHMA, YUpyTHX Aedopmarmii

paBHbIM K, =1,3, u 1o mupuHe — KodhPUIHEHTOM
Puc. 1. lebopmupoBanue ceueHust

ymupenns, paBHbIM K, =0,93, 4TO COOTBETCTBYET pesa TpyGbl 101 BO3AEHCTBIEM YIIPYTHX

norapudpmmaeckoit aedopmar [9]: IUIaCTHYECKHX JedopMariuii
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Hdedopmarust cTpyXKH CBsi3aHa IPUMEPHO IPO-
MOPLUOHAIBHON 3aBUCUMOCTBIO [2], @ OTpa’keHUEM
9TOHN 3aBHCHMOCTH MOXET CIYXXHUTh OTHOIIEHHUE TOTIe-
pedHoii AedopMaliiu K MpoJ0JIbHOM, T. €. BETHYHHON
koapdunuenta I[lyaccona. [lns paccMaTpuBaeMbIX
ycnoBmii  neopmupoBanus kodp¢unment Ilyaccona
MOXET OBITh ompezenieH u3 cooTHomeHus [10—12]:

3
u=-L, @)
)
rie 8, — OTHOCHTENbHAS MONEpedHas aedopmanus

CPE3aHHOTO CJIOf; 8y — OTHOCUTENbHAs IPOAOJbHAS
nedopManus Cpe3aHHOTO CIIOS.

Ilpu enuHUYHOW JUIMHE, IIHPUHE WU TOJILIUHE
cpe3aeMoro cios momepedHas aedopmanms paBHA
W3MEHEHHUIO IUPHUHBI CPE3aeMOro ciosi (CTPYXKKH), a
BBIPAXKEHUE JIJISl €€ ONpPEEICHNUs UMEET BU:

3

rae by — YMCHBILIECHUE UIMPUHBl CPE3aHHOTO CIIOs

(CTPYXKH); h — IIUPHHA CPE3aHHOTO CIIOS.

U3 OIpeAC/ICHUS YMCHBIICHNA IMHUPHUHBI CPE3ac-
MOTO CJIOSA HMECM:

“

rae by — MuUpHHA CPEe3aHHOIO CIOSL.
B cooTBercTBUM ¢ MPUHSTHIMU 3HAYECHUSIMHU TI0-
CJIe TIO/ICTAHOBKH TIOJTy4aeM:

b =0,23.

BripaxkxeHre OTHOCHUTENBHOM MPOJOJBHOM Jie-
bopmanmu nmeeT BUI:

62=—y3 (5)

rac ay — YBEJIMUYCHUE TOJIIIUHBI CPE3AHHOTO CJIOA; a —

TOJIIIMHA CPE3aEMOT0 CJIOS.
COOTBETCTBEHHO

(6)

a,=a—a,

IJe @ — TOJNIIHMHA CPEe3aeMOr0 CIIOSL.
VYuuThIBas 3HaueHHE KOIPPHUIUEHTa W3MEHEHHS
TONIIUHBEI, uMeeM 0O, =0,4. IloacraBuB 3HaYeHUS

2,

p=0,57. IlomyyenHoe 3Hadenue koapunuenra Ily-

OTHOCHUTENBHBIX JehopManuii B noJy4aem
accoHa BbILIE TEOPETUYECKH Bo3MoxHoro W=0,5,

MOJTy4aeMOT0 MPH «KJIACCHYECKUX) YCIOBUSX IUIACTHU-
yeckoro aedopmupoBanus [13—15]. YuursBas cko-

pocTb fAehopMalul U TeMIEpaTypy, MOKHO CUHTATh,
41O yBenuuenue kodpduuuenrta Ilyaccona cpsazaHo ¢
YCIOBUAMH IIACTHYECKOH JehopMalyy, OTIMYalo-
IMHCS OT «KJTacCHYecKux». [IpuHIMas HanpshkeHue,
JeiicTByIOIEe B MONEPEYHOM HAMpPaBIECHUH, 3a €H-
HUYHOE O,, B COOTBETCTBUM C BEIHMYMHON Kod(dbu-

IHUEHTa HyaCCOHa UMeEM:
o, =180, 6. =0, (7

rae 6,, 1 6, — IJIaBHBIC HANIPSDKEHUS 110 OCAM Yy U Z;

y
G, — Ipenen TeKy4ecTd oOpabaThIBAEMOro IpH JaH-

HBIX YCJIOBUAX MaTe€pHraja.

Tax kak medopmanus HaOMOJAeTCS W B HAIPaB-
JICHUH OCH X, TO COTJIACHO TEOPHH MaJlbIX yNpyroIua-
CTHYECKHUX JAedopManuii HMeeM:

x =0g> (®)

rge O, — [NIaBHOE HAIIPSHKEHUE 110 OCH X.

YYuTEIBasi OTHOCHTENBHYI0 MOHOTOHHOCTB IIPO-
necca AedopMalMy Cpe3aeMoro cjos, MOXHO B IIep-
BOM le/I6HI/I)KeHl/II/I CUNUTATb HAIIPSAKCHHOC COCTOSHUC
B JIOKaJbHOW 30HE CJIBUra, OTBEYAIOLIEE IMPOCTOMY
HATPYXXCHUIO [2], W HCIIONB30BaTh H3BECTHYIO 3aBU-
CHMOCTb JUI BBIYMCIIECHHS IOTEHLHAIBHOH SHEpruu
n3MeHeHHus (OpMBI TIPH IUIACTHYECKOM Jedopmupo-
BaHUU cpe3aeMoro cios [2]:

2
x_gz) +

u =0,33~G-V[(sy —ex)z +(e

+(£z—£y)2},

rne G — MOAyJb CIBHIa pa3pe3acMoro MarepHana;
V — nedopmupyeMsbiii 00beM.

Jedopmupyemblii 00beM BbIpa3uM Yepe3 mnapa-
METPBI PEIKUMOB PE3aHHUS:

)

V=baZ, (10)

roe Z p — JUIMHA TyTH, MPOUJIEHHOT0 PEXYIIMM HUHCT-

PYMEHTOM 1O pa3pe3aHHOl MOBEPXHOCTH.

CornacHO TEOpHH MajbIX YNPYTOIIACTHYECKUX
JedopManuii 3aBUCUMOCTb MOAYJISl CABUTA OT Harps-
KeHui u nedopmannii umeer Bux [2]:

(I

rie ©; — MHTCHCHBHOCTh HANpPSDKCHHUH; € — WHTEH-
CUBHOCTbH Jie(hOopMannii.

[ToncTaBuB 3HaUEHUS TJIABHBIX HAINpPSDKEHUH B
ypaBHEHHWE WHTCHCHBHOCTH HampspkeHmi [2; 21],
nMeeM:
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6, =0,71x

X\/(GX —Oy )2 +(Gy —0; )2 +(Gz _Gx)z =30,

IMocie MOACTAHOBKH U PELICHUS] YPABHEHUSI WH-
TEHCUBHOCTH AedopMmaruii [2] moyuaem:

(12)

g =O,47\/(ez —¢,) +(e, —ex)z +(e,—¢,)" = ()

=0,44.
[MoncranoBka u pemenne ypaBHeHus (12) maet:

G =220, (14)

[ocne moactaHOBKM M pemieHus ypaBHeHUs (9)
nMeeM:

u=0,71-b-a-6,-Z,, (15)

HOTeHuHaJILHon SHCPTHUIO INIACTHYCCKOro JIe-
(hopMUpOBaHHS CPE3aEMOr0 CJIOST BBIpA3UM Yepe3 pa-
00Ty BHemHUX cui 1o TeopeMe Kraiinepona:

A="2u. (16)

Bripaxxenne paboThl IIACTHYECKOTO OePOpPMH-
POBAaHUS CPE3aeMOro CJIOS Yepe3 BHEIIHIO CHILY
umeeT BuA [16-20]:

A=P-Z,. (17)

[Moncranoska u pemenne ypasHenui (15), (16) u
(17) maer:

P=142-0,-ab. (18)

[Nony4eHHast 3aBUCHMOCTD HE YYUTHIBAET padoTy
TPEHHS W W3MEHEHHE Mpeenia TeKydecTH oOpabaTsl-
BAacMOI0 MaTepuaja U CIYXHT A NpUOIMKeHHOH
OLIEHKH YHEPrOEMKOCTH IIIACTHYECKOH Jedopmanuu
cpezaemoro cinos [23-25].

Belpaxkasi 3HEProeMKOCTb Hepe3 HaNpPsHKSHHS
C/IBUTA M YYHUTHIBAsI, YTO

1 =2 (19)

rac Ty~ HalpsHKEHU CABUTA, IMTOJyYaceM:

P=2,84-1,-a-b. (20)

Bripaxenne (20) UOCHTHYHO BHIPAKEHUIO CH-
Jbl CIBMUIA, IOJYYEHHOW IO APYroil METOIHKE
JLH. ®unumoHoBEIM [9], aAnd omMcaHMs Mpolecca
IUTACTUYECKOW JedopMali CTPYXKKH TIpH  yIJie
ciasura, pasaom f=20°.

HonyquHoe BBIPpAXKCHHUE DHEProCMKOCTH Ilj1a-
CTHYECKOM ,HG(i)OpMaIII/II/I CTPY’KKHW HAaXOAUTCA B YI0B-
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JICTBOPUTENBHOM KOPPENAHMH C 3aBUCHMOCTSIMH, BbI-
SIBJICHHBIMH JIPYTHMH HCCIECIOBATEISIMA M MOXKET
OBITh PEKOMEHIOBAHO I ONpeleNeHUs AUHaMHUYe-
CKHX XapaKTepHCTHK Iporiecca abpasuBHON pa3pe3KH.
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