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BU3HAYEHHA KIHEMATUYHUX
XAPAKTEPUCTUK NNACTUYHOI
TEYII METAJTY B YMOBAX
OCbOBOI CUMETPII MPOLIECY
AE®OPMYBAHHA

lMpu  ocecumempuyHiti  Oeghopmauii
depopMyembCs, | HaBaHMaXeHHs1 Malomb  CrliflbHy — 8icb
cumempii. Taka Oechopmauis  BUHUKAE 8  YUCElIbHUX
mexHornoeiyHux  onepauisx. bina 70% demanel, Wo
OMmpuUMYyOMbCS WIISIXOM X0/100HO20 8udas’ito8aHHs,
deghopmyrombcsi 8 yMogax ocb08oi cumempil.

llnocka 3adada meopii nnacmu4yHocmi 3800umbcs 00
guUpiweHHsT 8 pamkax 0808UMIPHOI  [MOCMaHOBKU,  KOJU
aHasni3yembCs pyx moYoK 8 repepisi 3a2omoeku. KoxHa moyka
MOXe pyxamucsi minbKu 8 MAoWUHi nepepisy, i i weudkicmsb
MOXHa posKkrnacmu Ha 08a 83aEMHO reprneHOUKYISPHI HarnpsMKu
no  koopOuHamHux  ocsax. [lpu  nnockiti  deghopmauii
rnepedbayacmbcs, WO wWeudKicmb 8 HarnpsMKy mpemboi Oci
KoopOuHam OOPIBHIOE HYIIO.

HasisHicmb  ocbosoi  cumempii  makox  0o3eorisie
obmexxumucsi 0ocrniOXXeHHsIM Mo8ediHKU MOYOK, po3mauiosaHux
Ha naowuUHi MmepudioHaribHO20 nepepidy 3azomosku. [lpu ybomy
KOXHa mouka MOXe pyxamucsi minbKu 8 rniaowuHi nepepisy, i i
weudKicmb MOXHa poskrnacmu Ha 08a opmo2oHalrbHi HarnpsIMKU:
e830oex oci i no padiycy. Cknadosa eekmopa weudkocmi 8
OKPY)XHOMY  HarnpsiMKy OOpISHIOE Hyr, momy 3 wecmu
He3arnexHuUx KOMMOoHeHmie meH3opa weudkocmel deghopmauiti
3anuwaemscs minbKu Yyomupu. B 38’a3Ky 3 uum ocecumempuyHi
3adayi meopii nnacmu4yHoCcmi 8UKMUKaromb 3HayHy yikasicmb 3
MOYKY 30pYy p0O38°s3Ky rnpuknadHUX 3ag80aHb.

B cmammi posansfaembcs MOXIUgiCmb 3acmocy8aHHs
3miwiaHux koopduHam Elnepa ma flagpaHxa Onsi 8U3HAYEHHS
KOMMOHEHM meH30pa weudkocmeli Oeghopmauilt 8 npouyecax
nnacmuyHoeo  OecbopMysaHHs,  SKi  Xxapakmepu3yrombCs
ocecuMempuyHUM XapakmepoM rracmuyHoi medii  memany.
BekmopHe none nepemiuweHb 8 KOXHIil mouui npocmopy
gidobpaxae rnepemeopeHHs no4Yamkogoi (HedeghopmosaHoi)
KOHepieypauii 68 rnomoyHy | momy eu3Havyae KoHgieypauito
dehopmMogaHO20 mina 6 rnpocmopi y neeHili cucmemi giosiKy.
lMpouec depopmysaHHsi criodamky posensdaembcsi 8 €OuHil
Oekapmosili cucmemi KoopOuHam, a rnomim 8 YUMIHOPUYHIl
cucmemi KoopOuHam, eUKopucmaHHs 5IKoi Binibw douinbHe npu
ocecumempuyHiti Oegpopmadii. Nepedbadyaembcesi, WO QyHKUIT
elineposux KoopOuHam 8i0 nagpaHxXeeux OmMpUMYyHMbCS
WIIsIXoOM anpokcumauil ekcriepumeHmarnbHUX OaHUX.

Knrowoei cnoea: 3wmiHHi JlagpaHxa ma Eunepa,
KOMMOHeHmMuU meH30pa Oeghopmauiti, KOMMOHEeHMU MmeH30pa

mirno, wo

weudkocmel Oegpopmauiid, nnacmuyHul nepebie,
deghopmosaHuli cmaH, Oekapmosa cucmema KoopOuHam,
yuniHopu4Ha cucmema KoopduHam, ocecumempuyHa
dechopmauyisi.
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AHani3 ocTaHHiX pgocnigKeHb i nybnikauin.
OgHum i3 HampsIMKIB ~ PO3BUTKY  CyYacCHMWX
nporpamMHuUX CUCTEM € BOOCKOHANeHHsi Mogernen,
O BUWKOPUCTOBYKTBCSA AN ONUCY MNacTU4HOI
Tedil meTanis. E(pekTMBHICTb 3aCTOCYyBaHHA TaKuX
NporpamMHux NPOAYKTIB AN iHKEeHepHOro aHanisy y
MalLMHOByAyBaHHI 3aranbHOBU3HaHa. Arne metoam
TEOPETUYHOro POo3B’A3KY 3agady ob6pobkm meTanis
TUCKOM, WO 3aknageHi B UMX MporpaMHux
cuctemMax, pPO3BUHYTI  HedocTaTHbO  Ans  iX
NPaKTUYHOrO BUKOPUCTAHHA npu  po3pobui Ta
yOOCKOHaneHHi TexHororin. Ocobnueo y Bunaaky
Konn MeTan nepebyBae B ymoBax OO’EMHOro

Hanpy>eHoro CTaHy npu HasiIBHOCTI
HEMOHOTOHHOCTI HaBaHTaXXEHHS!. ICTOTHUM
(haKTOpOM TaKOX € TeHAEHLUiA nepexony A0 OinbLu
KOPCTKMX  BMMOr [0 TOYHOCTI  BMU3HAYEHHS
HanpyxeHo-0ecpopMOBaHOrO  CTaHy,  OCKiflbKM
NPOrHO3yBaHHs MeXaHi4YHNX BNacTMBOCTEN
pgedopmoBaHOro  metany i piBeHb  MOro
MOLLKOPKEHHOCTI  MOXYTb  OyTWM  OOCTOBIpPHO

BM3HAYEHi TiNbKW MpW BiAOMINA iCTOpPii PO3BUTKY
npouecy nnactuyHoi pAdedopmadii B Oyab-skin

TouUi ocepedky  gedopmadii. HasBHicTb
HEMOHOTOHHOTO HaBaHTaXXEHHS 3HA4HO
YCKIMaQHIOE PO3paxyHKM HanpyXeHb Ta rPaHNYHNX
aecdopmauin  [1-3]. TepeniyeHi ocobnuBOCTI
nNnacTU4HoOI nedopmadii npu 06'eMHOMY
XOMNoAHOMY LWTaMMNyBaHHi 0B6YMOBNIOOTb
cKnagHicTb 1 MaTeMaTM4yHOro MOJeNtoBaHHS.
KnacuuHi mogeni NNacTUYHOCTI, o

BMKOPUCTOBYIOTLCSH Y ICHYIOMMX Ha [JaHun 4ac
NpoOrpaMHUX MPOAYKTIB HE OMNUCYKTb 3a3HavyeHy
dedopmadilo, TOMY  TEXHONOrYHi  npouecu
06pobkn MeTaniB TUCKOM po3pobnslTbcA  Ha
OCHOBi BMpPOGHMYOro [OCBIgy, WO MOB’A3aHO i3
3Ha4YHUMK BUTpaTamu. B ocTaHHiX JocnigXeHHAX
ONA OOCTOBIPHOT OLHKW BNAUBY HEMOHOTOHHOCTI
nnacTuyHoi gedopmauii  3anponoHOBAHO  Pi3Hi
nigxoau Npu CTBOPEHHI Moaenen nnacTUYHOCTI [2-
4]. [Ona po3BUTKY  TEXHOMOrih  XONOAHOro
00'eMHOro WTaMnyBaHHA MeTaniB HeobXigHUN
anapat  gna  ageKkBaTHOro  MaTeMaTU4HOro
MOZeroBaHHA npouecis AedopmyBaHHs,
KITIOYOBUM KOMMOHEHTOM $IKOro € Mogeni ans
onncy KiHeMaTuKM NNacTUYHOI Tevii meTany [5-8].

Cnoci6b KiHEMaTU4HOro onncaHHs
BM3HAYa€TbCA  MEXaHiYHMMW  BracTUBOCTSAMMU
cepeposuwa. ligxig NarpaHxa pobpe npautoe
npwu ONMCcaHHi KiHemaTukn gedopmMadii B MexaHiu,i
AedopMiBHOro TBEPAOro Tina, To6TO
BMKOPUCTaHHA Takoro niaxogy npu MoAentoBaHHI
NNacTuyHOi Tedii meTany oBymoBneHo i3n4HO
NPUPOAOK  MOAENbOBAHOIO CepefoBulLa, Lo
aedopmyeTtbes. pu ubomy nosHe JlarpaHxese
OpMYrOBaHHA PiBHSAHb MeXaHikM  CyLinbHOro
cepepoBulia (BiAHOCHO MOYATKOBUX KOOPAMHAT)
NPaKTUYHO HE BUKOPUCTOBYETLCSA B AOCIIIKEHHSIX
ocobnuBocTen KiHeMaTukM gedOopMyBaHHSA, a
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yncenbHUn pPO3B’A30K PiBHSIHb MeXxaHiku
0edopMiBHOrO TBEpAoOro Tina npu  BESIMKUX
naacTMyHMx  gedpopmauiax  3acHOBaHMW  Ha

CMpOLLEHIN peani3auii reoMeTpudHUX MNPUNOMIB.
Mioxig Ennepa cTBOptoe Oinbll TOYHY YMCIOBY

CUCTEMY TMpU  PO3B’A3KY PIBHAHb  MeXaHiku
CYyLinbHOro cepefoBuLa. OckKinbku
ocecumeTpuyHa pgedopmauis Mae Micue B

YMCENbHUX TEXHOMOrYHMX onepaLisx, TO ICHye
HeobOXiaHICTb Yy CTBOPEHHI MeToay i3 ChiNbHUM
BUKOpUCTaHHAM nigxoais JlarpaHxka i Ennepa ans
[OOCTOBIPHOrO OMUCAHHA KiHEMATUKM NIacTUYHOI
Tedil B ymMoBax OCbOBOI CUMETPIl B TOMY 4umChi i
NpW HEMOHOTOHHIN NNacTUYHIn gedopmadii.

dopmynioBaHHA MeTU  AOoChigXKeHb.
MeToo pocnigpkeHb € CTBOPEHHA  MeToay
BM3HAYEHHS KOMMOHEHT TeH30pa LIBWOKOCTEWN

nedopmalin 3 BUKOpUCTaHHAM nigxoais Ennepa i
Jlarpanxa ONUCaHH4A pyxy CyUinbHOro
cepefoBulia Mpu nNNacTMYHOMy AedOpMyBaHHI
MeTarny B yMOBax OCbOBOI CUMETPii.

BuknageHHss OCHOBHOrO
pocnigXeHHs.

B 6yab-Akuin TOTOYHUIA MOMEHT Yacy, Konm
none 3wmiweHb O6e3nepepBHO, TO cnpaBeanuBi
PiBHSAHHSA

maTtepiany

XZX(XO,yO,ZO)
y:y(xwyoazo)

zZ= Z(xmyoazo)
OTxe, SKWO pyx TOYOK onucyeatn 3a
JonomMoroto 3miHHMX JlarpaHxa, To [4,5]
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Mo aHanorii 3 iHTeHcuBHICTIO AedhopmaLin
IHTEHCMBHICTb LUBMAKOCTEN aAedhopmalii Yy BUNagKy
OCECUMETPUYHOI aedopmalii BM3HAYaETbCS
dopmyroro

& =

4(.2 .2 .2. 1.
R T T

B OinbluocTi Bunagkie dyHKLUii  ennepoBmx
KOOPAWHAT Big farpaHxeBnx abo dyHKuil

X = X(Xg, Yo, Zg:1)

y= Y(Xo’ Yo ZO’t),

2 =12(X,, Yo Zy: t)
IO BXOOSATb B NpUBEAEH BULLE CiBBIOHOLIEHHSA ON1d

(14)

pO3paxyHKy  KOMMOHEHT  TeH3opa  LUBWMOKOCTEW
aedopmaii, OTpUMaHi  LUMSIXOM  anpoKcumaLlii
eKkcnepuMmeHTaneHux  gaHux. [llicna  anpokcumavii
ekcrepyMeHTanbHOl  iHcpopmauii  TMM UM iHLWKM

cnocobom oTpuMaHi  (OYHKLii BUKOPUCTOBYHOTBCH B
cniBeigHoLWeEHHsAX (6), (9) abo (12) ana po3spaxyHKy
KOMMOHEHT TeH30pa LUBMAKOCTeN AedhopmaLiii.

BucHoBKuW. BrkopucTaHHs 3anpornoHoBaHoro
MeToAy [Aa€ MOXIMBICTb OTPUMATU OCHOBHI PIBHSAHHS
KOMMOHEHT TeH30pa LWBMAKocTen pecbopmaliin npm
nnacTuyHin  0bpobLi  OeTanen, WO OTPUMYIOTBCS
LLMSAXOM XOMOAHOro BUAABMIOBAHHA B YMOBaX OCLOBOI
cumeTpii.  3anpornoHoBaHM  MeTof  J03BOSISE
NiaBALMTL  OOCTOBIPHICTb  BU3HAYEHHST  HarpyXeHo-
AecopMoBaHOro CraHy B Mpouecax MnnacTUYHOro
POPMO3MIHEHHS, B TOMY 4mcrli mpouecax obpobku
TUCKOM, LU0  XapaKTepu3yrTbCs  HEMOHOTOHHO
nnacTnyHo gecbopmMadlieto.
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DETERMINATION OF KINEMATIC
CHARACTERISTICS OF METAL PLASTIC FLOW
UNDER CONDITIONS OF AXIAL SYMMETRY OF

THE DEFORMATION PROCESS

With  axisymmetric ~ deformation,  the
deformable body and the load have a common axis of
symmetry. Such deformation occurs in numerous
technological operations. About 70% of parts obtained
by cold extrusion are deformed under conditions of
axial symmetry.

The plane problem of the theory of plasticity is
reduced to a solution in the framework of a two-

ma mexHorsoegissx
2022

dimensional statement, when the motion of points in the
section of a workpiece is analyzed. Each point can
move only in the section plane, and its velocity can be
decomposed into two mutually perpendicular directions
along the coordinate axes. For plane deformation, it is
assumed that the velocity in the direction of the third
coordinate axis is equal to zero.

The presence of axial symmetry allows us to
confine ourselves to studying the behavior of points
located on the plane of the meridional section of the
workpiece. In this case, each point can move only in the
section plane and its velocity can be decomposed into
two orthogonal directions: along the axis and along the
radius. The component of the velocity vector in the
circumferential direction is equal to zero, so only four of
the six independent components of the strain rate
tensor remain. In this regard, axisymmetric problems of
the theory of plasticity are of considerable interest from
the point of view of solving applied problems.

The article discusses the possibility of using
mixed Euler and Lagrange coordinates to determine
the components of the strain rate tensor in plastic
deformation  processes characterized by the
axisymmetric nature of metal plastic flow. The vector
field of displacements at each point in space reflects the
transformation  of the initial  (non-deformed)
configuration into the current one, and therefore
determines the configuration of the deformed body in
space in a certain frame of reference. The deformation
process is first considered in a single Cartesian
coordinate system, and then in a cylindrical coordinate
system, the use of which is more appropriate for
axisymmetric deformation. It is assumed that the
functions of the Euler coordinates from the Lagrange
coordinates are obtained by approximating the
experimental data.

Keywords: Lagrange and Euler variables,
strain tensor components, strain rate tensor
components, plastic flow, deformed state, Cartesian
coordinate system, cylindrical coordinate system,
axisymmetric deformation.
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