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BO3MOYKHBIE BAPUAHTEI TIEPEMEIIEHUSI TOYEK IIOBEPXHOCTH JETAJIA
IMPA OBPABOTKE ITOBEPXHOCTHBIM IIACTHYECKHM JE®OPMHUPOBAHH-
EM (IT11]) POJTUKAMM
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B pa6GoTe 0bL1H NPOAHATHU3HPOBAHBLI 0COOCHHOCTH TEYECHHS] MeTAJLIA NMPH NepeABHKeHUH POJIMKA 110
o0palaTbIBaeMoOii IOBEPXHOCTH NMPH MOBEPXHOCTHOM IIACTHYeCKOM AedopmupoBaHun. BeL10 ycTaHoBICHO,
YTO YNPYro-mjiacTH4YecKkoe TedeHHe MeTa/llIa B 30He AedopManuu sIBJsieTcs OCHOBHOI NMPUYMHON KadecT-
BEHHOr0 Npeo0pa3oBaHUs NOBEPXHOCTHOIO €J10sl NPH MOBEPXHOCTHOM IJIACTHYECKOM Je(opMHPOBaHHH.
IIpu 3ToM Ba’KHO YCTAHOBHTHL OCOOCHHOCTHM TeYeHHs MeTalia NPH KaYeHMHM POoJIMKa mo AedopMupyeMoii
MOBEPXHOCTH, HCHOJIb3Ysl CBSI3H, HAJIOKEHHbIE HA MaTepHaIbHble TOUKH, KOTOPbIe PACHOJI0KEHbI HA 32/ H-
HOIi MOBepXHOCTH. BBLIIN Hccle0BaHbI COCTABJSIIONIHE JeliCTBUTEIbHBIX NepeMellleHHil ToOUeK MOBePXHOCTH
JAeTAJTH, BBIYHCJICHbI TPACKTOPHH, 10 KOTOPBIM ABHAKYTCSl TOUYKH MOBEPXHOCTH poJHKa. PaccMoTpensl Bapu-
AHTBI NepeMeleHns] To4eK Je(opMHupyeMoii MOBEePXHOCTH M0 PA3JHYHBIM KPHUBBIM H MOJY4YeHbI MATEMAT H-
YyecKHe 3aBHCHMOCTH, ONHMCBLIBAOINME 3TH NepeMenieHus. Ilony4eHHbIe 3aBHCHMOCTH ONpeeIs 0T KHHEMAa-
THKY TO4eK Ae¢opMHPyeMOii IOBEPXHOCTH U MOTYT CJIY:KHTh NPHOIHKEHHBIM ONMUCAHUEM mpouecca aedo p-
MHPOBAHHS.

KirroueBrie croBa: neopMupOBaHKE, POITUKH, TPASKTOPHS, TOBEPXHOCTHBIN CIIOH.

POSSIBLE DISPLACEMENT VARIANTS OF THE SURFACE MATERIAL POINTS DURING THE
SURFACING BY THE PLASTIC DEFORMATION BY ROLLERS

Martynenko O. V., Oteniy Y. N., Epov A. A.

Kamyshin Technological Institute (branch) of Volgograd State Technical University, Kamyshin, Russia (403874,
Kamyshin, Lenin st., 64) ktm@kti.ru.

This work analyzes special characteristics of the metal blow during the motion of the rollers over the
work surface at the time of the surface plastic deformation. It was determined that the elastic-plastic metal
flow in the deformation area is the main reason for the quality transformation of the surface layer during the
surface plastic deformation. It is also important to determine the distinctive features of the metal flow during
the roller motion over the deformed surface using the links attached to the material points that are located
over the specified surface. The components of the actual displacements of the detail surface points were ex-
amined, also the trajectories over which the points of the surface of the roller are moving were calculated.
The displacements variants of the deformed surface points over different curves were studied as well as ma-
thematical relations explaining this characteristics. Derived dependencies define kinematics of the points of
the deformed surface and could serve as an approximate description of the deformation process.
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Ypyro-miactuyeckoe TeYeHHe MeTajlla B 30He JedopMaluu sBISIETCSI OCHOBHON MpHU-
YHHOI KaueCTBEHHOTro Npeodpa3oBanus noBepxHoctHoro cios npu [II1/]. HakateiBanue ponu-
KaMHU OTHOCAT K CTaTMYECKUM IIpoleccaM. Takoe omnpenenaeHue MOoApa3yMeBaeT HEU3MEHse-
MOCTh ycuius AeOpMHUPOBAHKUS Ha BCEM MPOTSHKEHUU 00pabOTKH, TeM HE MEHEee, OHO IMPOTe-

KaeT C ONPEICIICHHON CKOPOCTHIO.



VYcraHoBieHue 0cOOEHHOCTEW TeUeHUs MeTala MpU KaueHWU poJIMKa Mo AepopmHu-
pyeMoii yIpyro-miacTU4ecKon MOBEPXHOCTH MOXET ObITh OCHOBAHO Ha MOHSATHH O CBS35X, Ha-
JIO’KEHHBIX Ha MaTepuajbHble TOYKU, KOTOPHIE PACIIONIOXKEHBI HA 3aJJaHHON MoBepxHocTU. [Tpu
YCIIOBUM HAJIOKEHUS CBA3EH JACHCTBUTEIBHOE MEPEMEIIEHNE TOYEK MOBEPXHOCTU JAETAIH B BBI-
OpaHHOI cucTeMe KOOpAMHAT PaBHO T'€OMETPUUECKON CyMME HX COBMECTHOTO MEpPEMEIEHUs C
CONPUKACAEMBIMU TOUKAMHU POJUKA U JOMOJHUTEIBHOTO CMEHICHUS 3THX K€ TOUYEK OTHOCH-
TEJILHO TIOBEPXHOCTH pojvka. Bes mpoGiiema 3akimioyaeTcs B YCTaHOBJIGHHHM 3TOH BTOPOiM CoO-
CTaBJIAIONIEH.

B mpouecce kaueHHs Iyrd OKPYXKHOCTH, 00Opa3yeMoil NMpU CEUYEHUU POJHMKA U JIeTalH
MJIOCKOCTBIO, MEPHEHAUKYJISIPHOW OCH POJIUKA, NMPU OTCYTCTBUHU MPOCKAIb3bIBAHUS, HUKHSA
Touka O TOH k€ OKPYKXHOCTH (puc.l) SABISETCSI MTHOBEHHBIM LIEHTPOM BpALLEHUS, TO €CTh He-
MOIBMKHOM OTHOCHUTENIBHO Je(hOPMHUPYEMOI TTOBEPXHOCTH.

CxopocTs m1000i Apyroi Touku M (X,z) IyTH OKPY>KHOCTH POJIMKA, HAXOISIICHCS B KOH-
TakTe ¢ AeGopMUpyeMOii MOBEPXHOCTHIO paBHA!

VM:(Dp'pM (1)
TAe: P, — PaAnyC-BEKTOpP, MPOBEACHHBIN U3 TOYKU O B TOUKy M (X,V).
Kacarenbnas Vy, u HopmanbHas V,, — COCTaBIAIONINE 3TOr0 BEKTOpa K Ayre yKa3aHHOW OK-
PY’KHOCTH — OIIPENEISIOTCS U3 PABEHCTB:
V,=V,-cos 8 V.=V, sin0 (2)
rae: ¢ — yron Mexiy paanycoM-BEKTOPOM:p,,, IPOBEAECHHBIM U3 LIEHTPa OKPYKHOCTH Op B TOUKY

M(x,y), u HanIpaBJIEHUEM CKOPOCTH V), IEpIEHAUKYISIPHBIM Pagyc-BEKTOPY Py,
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Puc.1. Cxema mis onpeiesieHnsi KHHEMaTUKH ToYeK TeopMupyeMoi TOBEPXHOCTH Bajia 0e3
MIPOCKAJIb3bIBAHUS



Jns dynkuuit sin 0 v cos 0 umeeM cienyonme COOTHOUICHHUS:

2 2
N z 3)

sin@ = M cos® = —;

Pum P«
C y4eroMm 3TUX COOTHOIIEHUH MOTyUnM:
2 2

Vnazoap-(rp— vy —Z2 ) (4)
Vk” = O)p * Z. (5)

JI71s1 BBIYUCIIEHUS TPAEKTOPHUH, 110 KOTOPBIM JABHXKYTCS TOUKH ITOBEPXHOCTH POJIMKA, CACIIAEM

— . 1 M . 2
Z=T, S0, cosQ, =+1—sin" @,

T1I€ ¢, — YroJl KOHTAKTa, IPOBEICHHBII U3 LIEHTPa POJIMKA B TOUKY M(/x,y).

IMOJACTAHOBKU:

Takum oOpazom:

Vn“:rp'mp'(l_cos (Pp} (6)
V..=r,-o,-sing,. (7)
[Tockonbky:
¢, =0, d(pp:(op-dt;
I7le ¢ — BpeMs NEepEeKaThIBAHUS POJIMKA IO MOBEPXHOCTH JETalU, TO, MHTErpupys (6) u (7) no

BPEMEHH, IIOJIy4HM:

t

op
Sn =Tp 'pr '(I_COS(PP)'dt:’”p : J(I_COS(PP)'d(pP =Tp '((Pp _Sin(Pp)f
0 0

(8)

t ®p

s, =T, -Imp sinQ, -dt=r, - Ism(pp -de, =r, -(l—cosq)p) )
0 0

HOCJIC,Z[HI/IC ABa 3HAYCHUSA UHTCTPAJIOB SABJIAKOTCA YPAaBHCHUAMU HHUKIIOW[, 3aJaHHBIX B

napameTpuaeckou Gpopme.

[Tone mepemMenienuii Touek AehOPMHUPYEMON ITOBEPXHOCTH, OMMCHIBAEMOE ITUKJIONIaMU
(8) u (9), sBNsIeTCA TPAaHUYHBIM B TOM CMBICIIE, UTO JCHCTBUTENbHBIE TPACKTOPUH HE MOTYT OBITh
PacIOJIOKEHBI JIEBEE, UEM ITHU TPACKTOPUH. B MpOTUBHOM cilydae, COCTABISAIONINE TIEPEMEIICHUS
OyAyT HampaBJE€Hbl IPOTHB CHUJI, BBITAJIKMBAIOIMX METANl U3 30HBI O0OpaOOTKH, & 3TO HEBO3-

MO’KHO, TaK KaK T€UeHHE MeTaJlla JOJIKHO OBITh HApaBJIE€HO B CTOPOHY POCTA HAMPSKEHHIA.



PaccmoTpum nepemenieHue Touek AeGpopMUpyeMoi TOBEPXHOCTU NEPHIEHIUKYIISPHO Y-
raM OKpYXHOCTEH, 00pa3yeMbIX B CEUCHHH POJIMKA IPHU ero KaueHuu (puc.2, a). B stom cinyuae

JyTY OKPYKHOCTEH IPEJCTaBIISIOT CEMENCTBO, ONNUCHIBAEMOE YPABHEHUEM:

f(ZayaS):(x_S)2+y2_rp:03 (10)

TZE: S — [IapaMeTp CEMENCTBA OKPYKHOCTEM.

B npennonoxenuu, 94To TOUKU 00pabaTbiBaeMOil MOBEPXHOCTH MEPEMEIAIOTCS MepIIeH-
JUKYJISIPHO TIOBEPXHOCTHU POJIMKA, 3aKJIOYAEM, YTO UX TPACKTOPHM IBMXKCHHS COBIIANAIOT C Op-
TOTOHAJLHBIMU JIMHUSIMU cemericTa (10).

Jlnist onipenienieHust ypaBHEHHUsI CeMecTBa OPTOrOHAIBHBIX KPUBBIX Npoauddepenuupyem

ypasHeHue (10) o z:

(z—s)+y-y'=0, (11)

ynKionga

a) 0)
Puc.2. Cxema ans onpeneneHus: TpaeKTOpUd IBMKCHHS TOUEK 1ehOpMUPYEMOil ITOBEPXHO-
CTH MEPHEHAUKYIISIPHO MOBEPXHOCTH poiinka. CpaBHEHHUE IBYKEHUS TOUeK JehopMUpyeMoit
MOBEPXHOCTH MO LIMKIOUIAAM U TPAKTpUCaAM

UckntounB u3 nyx ypasuenuit (10) u (11) mapamerp s, moy4yuM ypaBHEHUE:

JEr ey =0, 2

KOTOpPOE OIpEAeIIIeT CEMEHCTBO JTMHUM, KacaTeNbHBIX K ceMeicTBy (10). 3aMeHUB B ypaBHEHUHU

(12) y' ma 1/y', nmomyunm:



WHTerpain 3Toro ypaBHEHHs ONPEIeIsieT CEMEHCTBO TPASKTOPHI ToUeK nedopmMupyemon

IMMOBCPXHOCTHU B MIIOCKOCTHU CCUCHUS CICAYIOIICTO BU/JA:

2 2 2
rr—aro+y
z=r -In| 2LV —\rs +y? +Cy; (13)

Y

rae: Co — MOCTOSIHHAS XapaKTepU3yIoIlasi KOHKPETHYIO TOYKY IMOBEPXHOCTH JI€TalU. JTO ypaB-

HEHHe TpakTpHchl. B mapamerpuueckoii popme 3T0 ke ypaBHEHHE OyAeT UMETh BUJI:

Yr =71, -sinQ ;. (14)
®,
zp =7,-| COSQ, +lntg7 : (15)

CoBMecTuM Hauana UUKJIOWJ U TPAKTPUC B OJHOM TOUKe M, pacnoyO)KEHHOM Ha IOBEPXHO-
cTH ponuka (puc.2,0).

W3 pucyHKa BUIHO, YTO JBMKCHHUE IO TPAKTPUCE MOKHO OCYIIECTBUTH B BUAE CYMMBI IBYX
NepeMENICHUI: NTEpEMENIEHUE N0 YYaCTKy LHUKIOUAbl OT TOUku M 1o M, a 3arem mo Jayre Ok-

pyXHOCTU — OT M; 10 M>. B ropu30HTaJIbHOM HAIIPABJICHUH BEJIMYMHA CABUTA PaBHA:

) .
Ax = cosQ, +lnl‘g7p —((Pp _Sln(Pp) . (16)

Hanuuwem caBura moBepXHOCTHOTO CJIOSI MOXXHO OOBSICHUTH Bo3HUKHOBeHHE mpu [111]]
IPEUMYIIECTBEHHO OCTATOYHBIX HANpsKEHUH CXaTus, T.K. B Mpolecce 00pabOTKU HapyKHbIN
CJIOH pacTsruBaeTcs, MpuyeM, YeM MEHBIIIEC JTUaMETp POJIMKA IPU OJHOW U TOU *Ke IIyOuHe BHe-
JpeHUs1, TEM OOJIbIIIE PACTSHKEHUE TOBEPXHOCTHOTO CIIOSI.

Amnasorn4Hasi KapTHHa OyAeT HaOMI0AAThCs IS JTFOOBIX JPYTUX KPUBBIX, PACIIONI0KEHHBIX

IMpaBeC MUKIOUI.
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