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HAIPSI>KEHHO-JE®@OPMHUPOBAHHOE COCTOAHHME U ITPEJEJIBHOE
®OPMOMU3ZMEHEHUE ITPU PAJIUAJIBHOM BBIJABJINBAHUN

DEFLECTED MODE AND LIMIT FORMING DURING RADIAL EXTRUSION

BukoHaHO [OCIAKEHHS HarpyXeHo-AepOopMOBaHOro CTaHy npuv paaiaibHOMy BuAaB/IHOBAHHI
OCECUMETPUYHOI AeTani Turly «CTEPXeHb 3 hiaHLEeM» Ta BCTAHOB/IEHO BIJINB OCHOBHUX NapamMer-
PIiB ripoLecy Ha rpaHn4He OPMO3MIHEHHS.

BbinonHeHb! uccnedogaHus HanpsiXXeHHO-0eghopMupo8aHHO20 COCMOSIHUS npu paduanbHoM ebidasnusa-
HUU ocecummempuyHol demarnu muna «CmepxeHb C oriaHuUeM» U ycmaHO8/eHO 8/1UsIHUE OCHOBHbIX Mapa-
mempoe fpoyecca Ha rpederibHoe hoPMOU3MEHEHUE.

The research of stressed-deflected state during the radial extrusion of the axially symmetric com-
ponent of the «bar with a flange» type have been carried out. The influence of the basic parameters of
the process on the limit forming has also been determined.

Beryn

PagnianbHe BUIaBIIIOBaHHS BUKOPUCTOBYIOTh JUIsl BATOTOBJICHHS CYLIJIBHUX 1 HIOPOXKHUCTHX JeTalieil 3
(dnanmsmu. 1o mepesar mporo mpoiecy MosKHa BiIHECTH BHCOKY TOUHICTh 1 SKICTb MOBEPXHI OTPUMaHUX
3aroToBoK. KpiM Toro, xonogHe miuactuuHe aAedopMyBaHHA 3MilHIOE nedopmiBHUA Matepiai. [o dakro-
piB, sIKi OOMEXYIOTh HOIMUPEHHS XOJOAHOTO PajialbHOTO BHIABIIOBAHHS MOXKHA BIIHECTH HAsSBHICTDH
BHCOKHX ITUTOMHUX 3YCHJIb, SIKI B JESKHX BUIAAKaX HNEPEBUIIYIOTh I'PAHHUIIO TEKydOCTi 1e(OpMiBHOTO
MeTay B 4 pa3u, a TAaKOX HECTIPUATIMBY CXEMY HaIlPY>KEHOT'O CTaHy B 00JIacTi ekBaropa (iaHLs, KAl
BUJIABIIIOETHCS, IO OOMEXKYE MOXKIIMBOCTI OTpUMaHHs (DIaHIIB BiJHOCHO BENMKHX po3mipiB. HaOmmxke-
HUH aHaJli3 HAMPYKEHO-1e(OPMOBAHOTO CTaHy, KIHEMAaTHKH MPOIIECY, a TAKOXK 3ajadi pO3PaxyHKy eHep-
TOCHJIOBHX NMApaMETPiB MpoLecy paaialibHOrO BUIABIIIOBAHHS JAOCIHiIKyBajduch B poboTax [1—4]. B na-
Hill poOOTI BHUKOHAHI JIOCHIJDKEHHS HAIpPY>KEHO-e(OPMOBAHOTO CTaHy 1 JIe()OPMOBHICTh 3arOTOBOK B
npoIIeci XOJOJHOTO PaIialibHOTO BUAABIIOBAHHS Ta OI[IHEHO BIUTUB OCHOBHHUX NapaMeTpiB MpOIECy Ha
rpaHruyHe (POPMO3MIHEHHS.

BcTtynneHue

PagvanbHoe BblAaBnMBaHWe UCMONb3yT AN U3rOTOBMEHUS CNOLWHBIX U NOMbIX AeTanen ¢ gnaHx-
uamu. K npemmyLlectsam 3TOro npoLecca MOXHO OTHECTM BbICOKYH TOYHOCTb M Ka4yecTBO MOBEPXHOCTM
Nosy4YeHHbIX 3arotoBok. KpoMe Toro, npu xonoAHow nnacTuyeckor aedopmMaummn nponucxoauT yrnpoyHe-
HVe aedopmupyemoro Matepuana. K dpaktopam, KoTopble orpaHuyMBatoT pacnpocTpaHeHe XonoAHOro
paguanbHOro BblAaBNMBaHUS MOXHO OTHECTM Hanuume BbICOKUX YAeNbHbIX YCUMUIA, KOTOPble B HEKOTO-
pbIX Cry4Yasx NpeBbILLAT rpaHnuLy TekydyecTu AedpopMupyeMoro MeTanna B 4 pasa, a Takke Hebnaro-
NPUATHYIO CXEMY HaMNpPSHKEHHOTO COCTOSIHUS B 9KBaTopuanbHo 06nacTy BbiAaBnnBaeMoro dnaHua, 4to
orpaHu4MBaeT BO3MOXHOCTb MOMyYeHUs raHLEeB OTHOCUTENLHO BOMbLUNX pa3MepoB. MpUGRMKeHHbIN
aHanm3 HanpsXeHHO-0edOPMUPOBAHHOIO COCTOSIHUSA, KUHEMATMKM MpoLiecca, a Takke 3adaun pacyeTta
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3HEepProcunoBbIX NapamMeTpoB NpoLiecca paauanbHOro BulAasnvMBaHWs uccneaoBanvcs B poboTax [1—4].
B naHHol paboTe BbINOMHEHbI UCCMEAOBaHUS HanpshXeHHO-0edOPMUPOBAHHOIO COCTOSHMS U Aedop-
MUPYEMOCTU 3aroTOBOK MpY XONOAHOM paauanbHOM BblAaBMMBAHUM U OLEHEHO BIMSIHUE OCHOBHbIX Na-
pameTpoB npoLiecca Ha npeaenbHoe PoOpPMOM3MEHEHME.

Introduction

Radial extrusion is used in the manufacturing of solid and hollow parts with flanges. The ad-
vantages of this process include high precision and quality of the obtained workpieces surface.
Besides, during the cold plastic deformation, the strengthening of the deformed material is ob-
served. The factors, limiting the use of cold radial extrusion, include the availability of high inten-
sity exertion, which, in certain cases exceed the fluidity boundary of the wrought metal 4 times,
as well as the unfavourable scheme of the stressed state in the equator region of the driven
flange restricts the possibility to obtain flanges of relatively big sizes. This approximate analysis
of the deflected mode, the kinematics of the process as well as the questions of energy-power pa-
rameters calculation of the radial driving process had been researched in [1—4]. The given paper
presents the executed research of the deflected mode and work pieces’ deformability during the
cold radial extrusion as well as the evaluation of the process’ main parameters influence on the
forming limit.

Hanpy:xeHno-negopmoBanmii cTan

Jns OLiHKYM BIUIMBY OCHOBHHX IapaMeTpiB MPOIECY palialibHOrO BHIABIIOBAHHS Ha rpaHu4HE (op-
MO3MiHEHHsI HeoOXifHa iHdopMallis Ipo BIUIMB LUX MapaMeTpiB HAa iCTOPiI0 HABAaHTAKECHHS, SKa OJHO3-
HAYHO BH3HAYAETHCA HAMPY>KEHO-Ie(OPMOBAHUM CTAHOM Ta 3aKOHOM HOT0 3MiHM B MPOLEC] MIACTUYHOT
nedopmariii [4—7]. Po3p’s3yroun kpalioBy 3amady, BBaKald, IO Hampy)KeHO-ae(GopMOBaHUH cTaH €
OCECUMETPUYHUM, a METal, SIKHi Ae)OpMYEThCS, PO3IISAANH SIK )KOPCTKO-IUIACTHYHE TiJIO.

1 ocecMMeTpUYHOr0 HAIPYXEHOTO CTaHy B UMJIIHAPUYHIA CUCTEM] KOOPJAUHAT PiBHSHHS PiBHOBAru
MaroTh BUTJISII:

-Gy 0T

6Gp+anZ+Gp =0; +Tﬁ+@=0, (1)
op 0z p op p 0z
€ G,, Gy, O, — HOPMaJIbHI HANPYKEHHs 10 OCAX P, 0, z, BIAIOBIIHO (HOPManbHbIE HAMPSXKEHWS MO OCSIM
p, 0, z, cooTBeTCTBEHHO; normal stresses along the axes p, 0, z, correspondingly); Tpz = Tzp — HOTUYHE
HaIpyKeHHs (kacaTenbHoe HanpsbkeHue; tangential stress).
CriBBiJHOIICHHS. MiXXK KOMIIOHEHTAaMH TEH30pa HaIllpy:KeHb 1 MIBHIKOCTEH aedopmariil 3a Teopiero
IUIACTAYHOI Tedll MarOTh BUTJISII

. l1o,.
- &n T = §é_Uszv (2)
u

€ ¢ = 151.1.8],/. — CEPEAHE HOPMAJIbHEC HAIIPYXCHHA (cpe/J,Hee HOpMalribHOE Hanps>XXeHue; an average nor-
3

mal stress); 6, — IHTEHCHUBHICTh HANPY>KEHb (MHTEHCUBHOCTb HAMNpPsPKeHWid; stress intensity); €y €9, €, —
KOMITIOHEHTH TE€H30pa IIBUAKOCTeN AedopMaliil o ocsx p, 0, z, BiAMOBIIHO (KOMMNOHEHTLI TEH30pa CKOPO-
cTen gedopmauuin no ocsam p, 6, z, cooTBeTcTBEHHO; components of deformation rate tensor along the axes p,
0, z, correspondingly); Y pz — HWBUIKICTH KyTOBO1 Jedopmaiiii (ckopocTb yrrnosow Aedopmauuu; angular

deformation rate); €,— 1HTEHCHBHICTh HIBUIKOCTEH aedopMalii (MHTEHCMBHOCTb ckopocTeii aedopma-
uumin; deformation rate intensity).

KoMmmoneHTH TeH30pa IIBUIKOCTEH JedopMariiii moB’si3aHi 3 KOMIOHEHTAMH IIBUAKOCTEH TepeMi-
[IEHD CITIBBIHOIICHHIMHI

. ov ) L ) ov 0 ov
b= b= £,= %y, = L2 )
op p 0z op 0z
‘YMOBa HECTUCIIMBOCTI B JAHOMY BHTIAAKY MA€ BHUTJISIT
ov v
Do , 2, % )
op oz p

64 BicHuk BiHHMLBbKOTO noniTexHiYHoro iHeTuTyTy, 2006, Ne 4



MAUWNHOBYAYBAHHA | TPAHCMNOPT

Po3paxyHkoBa cxeMma Tpoliecy paaiadbHOrO BUIABIIOBAHHS MTOKa3aHa Ha puc. 1. JIJst cripoleHHst po3-
paxyHKIB BCi JIiHIHHI po3MipH BiTHECEMO J0 pajaiyca KOHTeHHepa MaTpuIll 7 , TOA1

h
; ]lf=Tf§ H=

r

r=1, R= h. = (5)
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Ocepenok  aedopmariii TpeACTaBUMO Y BUTIIAI F
JIBOX 30H: | — KiJIbIIEBOI 30HU 3 TPAHULIIMU B ME¥Kax

1 < p £ R — B pagiampHOMY Hampsmi; 0 <z < f([p) — B ¢ "
BEPTHKAJIBHOMY HampsiMi, 1€ f{p) — PiBHAHHS TPaHULII <
ocepeaxy Aeopmauii; 2 — waTHAPHIHOT 30HM 3 % -
rpannsivd 0<p<1 — B paniagpHOMY HampsiMi, =

! .
0 £ z < — — B BEepTUKAILHOMY HAIPSIMi. —p
2 | |

Cxema HanpyKeHOro cTaHy B 30Hi 1 Oau3bka 10 < "<\, <=
CXEMH, sIKa Ma€ Micle B TOBCTOCTiHHIH TpyOi mix
BHYTPIIIIHIM THCKOM, a B 30HI 2 HaNpy>XCHUHA CTaH
aHaJIOriYHui ocaaui 3 60oxkoBuM mianopom. B nanii /F 2
po0oTi Oyae JOCHiKyBaTUCh IUIACTHYHICTD METaly
B 30HI 1, OCKINIBKM pYHHYBaHHS MpPU PaTialIbHOMY
BUJIABJIIOBaHHI MMOYMHAETHCS 3 1Ti€T 30HM [ 1—4]. R
Ha ocHOBI sKicHOro aHajisy npoluecy jaedopma- Puc. 1. Cxema nporecy pajianbHOTO BUIABIIOBAHHS

uii B 1-i 30Hi 3a1aMO BEpPTHKaJIbHY CKJIaJ0BY IIBH]I- Puc. 1. Cxema npouecca pajiankHoro BblfaBnvsaHus
KOCTI mepeMileHHs Y BUrJIsiai [ 1] Fig. 1. The diagram of radial extrusion process

o, = _2,42[1 - l}, (©)
p

ne A — xoHcTaHTa (KoHcTaHTa, constant). Ileit Bupa3 3a10BOJIbHSE TPAaHUYHI YMOBH
skmo p=1,v,=0 Taz=0,v,=0. (7

B po6orti [1] 3HayeHHs koedimieHTa A B 3a1€XKHOCTI BiJ R 1 /iy BU3HAU€H] €KCIIEPUMEHTAIBHUM IILIS-
XOM.
I3 piBHSHHA HEpO3PUBHOCTI (4) Micys MiACTAaHOBKU TYAX 3HaY€Hb L, i3 (6) 3HAX0AUMO

0
Pp +ﬁ—2A(1—1J - 0. (3)
o p p
Po3B’s30k piBHsHHS (8) nae
v, =2A(B—1j+£. (9)
2 P

Crany C B piBHsiHHI (9) BU3HAYMMO TakuM 9HHOM. [IIBHAKICTE BUTIKAHHS MeTAly L, Wit r =1 13 30-

HH 2 B 30HY | 3HaiiiemMo 3 yMOBU HE3MiHHOCTi 00’ €My
) T
VT = v, 21Ty, (10)
Je vy — HBUAKICTh NEpeMIillleHHs ITyaHcoHa (puc. 1) (ckopocTb nepemellieHnst myaHcoHa (puc. 1); punch

displacement speed (fig. 1)); Zf — Bucota (anmg (Bbicota cdnaHua; flange height).

3 (10) 3HAXO0AUMO

T UO
LV, =Vg— = ——. 11
P 0%, 2h, (1
Ockinbku a5t p = 1 MBUIKICTH v, (1) = 20703 T0 3 (9) 3HaX0IMMO, 110
f
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C=A 12
+2bf (12)

Toni myst mBnaKocTi v, , Bpaxosyrouu (9) 1 (11), orpumaemo

p A vy
—2Al R |+ L4 B0 13
op (2 j p 2phy ()

Buxopucrosyroun popmymu (3) ta hopmymny (13), 3HaX0TUMO KOMITOHEHTH TEH30pa IMIBUAKOCTEH JIe-
(hopmarriii B mepiiiii 30H1

. A ) . 1 1 A v
& =A——2—2—0, 89=2A[———j+—2+ 0 (14)

p° 2p°h
1 . 2Az
SZ:—2A[1—EJ, '\{pzz—p—Z.

3HaX0AMMO IHTEHCHBHICTh IIBUAKOCTEW Aedopmariil ajsl mepiioi 30HW BUKOPUCTOBYIOUH (OPMYITH

(14)

2
A0 (o 1)+ 20 4 22 (15)

A% (3p% —6p° +4p% — 20 +1) =
I
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V3p
ITificTaBMMO 3HAYCHHS KOMIIOHEHT IBHMKOCTEH NeopMantiit €,,€q,€, 1 ¥, B PIBHAHHS 3B’3KY Mik
HanpyXeHHSMH Ta Jedopmanismu (2) i OTpUMaEMO Taki BUpa3u AJsl KOMIOHEHT TEH30pa HaIllpy>XeHb B

30H1 1

Vg

o= 2u | g2 420 —o=2u 2 _ Lo
S, G_\/§Al(Ap A 2]11:} Gg— O \/gAl[Ap 2Ap+A+2bf},

o, - [4( 2497 - 2.4p), rpz=—j§j41Az (16)
Micns po3’sa3Ky cuctemu piBHAHB (1) 1 (16) Ta moAANBIIOro IHTErPyBaHH BU3HAYAEMO G,
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2
£ (p) = A2(3p4_6p3+4p2—2p+1)—A%(p—1)+40#. (18)
f f

3a 3HalJeHNM 3HAaUYeHHAM G, 3 PiBHAHB 3B’s3Ky (16) BU3HauaeMo Gy, G, 1 T,, Ta 3HAXOAUMO TaKi BUpa-
3 711 KOMITOHEHTIB TEH30pa HAIIPY>KCHb Y TEpITiii 30H1

A-Ap+ D0
Gg =0 +26 2% =0 +ic 2y
hy 42
‘ A(3p2—2p—1)—i
(sz—spj 1 2hs (19)
G,=0,+-0, =0, G, )

2
\/A2 (3p4 —6p°> + 4p° —2p+1)— A%g(p—1)+:#+ A7
2

o Az

2 .
A (30" —6p° +4p® = 2p +1) = A (p 1)+ X0 4+ £
(30" — 6p% +4p” —2p +1) bf(p )4]]1%

Ouninka rpaHu4HOr0 (POpPMO3MiHEHHSA

I[J'ISI BU3HAYCHHA BHUKOPUCTAHOTO PECYypCy IJIACTHYHOCTI BH3HAYATU MOKA3HUK HAIIPY>XXCHOT'O CTaHy
[4—T7]

3c
n=—, (20)
GlI
1 .
Ie G = §0 j/9i; — CEPENIHE HATPYKEHHs (CpepHee Hanpsxkenue; the average stress), G,— iHTEHCHB-

HICTh HaIPY>KEHb (MHTEHCUBHOCTb HanpshkeHUl; stress intensity), Ta mapamerp Hamai-Jloge

_202—(51—03

G (21)
01~ 03
Cryninpe nedopmariii po3paxoByBaiu 3a GOpPMYIIO0
t
e, = [&,dr (22)
0

IIpu 11bOMy IHTEHCHBHICTH MIBUIKOCTEN AedopMaliii 3Haxoamiy 3a hopmyroro (15).
B po0oTi BUKOHAHO MOCIiIKEHHS 3aroTOBOK i3 ctaii 10. [y OmMiHKHM 3aJIeKHOCTI TUIACTHYHOCTI Bif

CXEMH HAIPY)KCHOTO CTaHy BUKOPUCTOBYBAIU MOBEPXHIO IPAHMYHUX Aedopmalliil e, (N, K ), OTpUMaHY

B pobori [5]. ExcriepuMeHTabHy 3aleKHICTD €, (n, Hg ) AImpOKCHMyBaiH (yHKIi€0

e, (N ue) = 0,68exp(0,43u, —0,91n). (23)

[Iponiec HaBaHTa)keHHsI BBa)KaJId MOHOTOHHHMM, TOMY BHKOPHCTaHHH pecypc IUIaCTHYHOCTI po3paxo-
BYBaJIH 32 (OpMYJIOIO [5]

% e,(npg)""
V= j H% deu’ (24)
0 6lp (ﬂ, Mo)
se n=1+0,05-90 _g 038
de, de,
KommoHeHTH TeH30piB MBUAKOCTEH Medopmariiii, Hampy>KeHb 1 ITTACTUIHUX AehOpMaIlii, iX po3Imoai

3a 00’eMoM AeOpMiBHOI 3aTrOTOBKU Ta 3aKOHM 3MiHH B Ipoleci macTu4Hoi AedopMalii BU3HAYaIH 32
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¢dopmynamu (14), (15), (17)1(19).
OTtpumaHi B pe3yibTaTi pO3paxyHKiB, 3HAUCHHS [TOKa3HUKIB HAIIPY>KEHOTO CTaHy 1M 1 [, Ta HAKOTIH4e-

HOi gedopmarii e,, B 3aJIXKHOCTI BiA paziyca p, BIAHOCHOI BUCOTU MOTOBIIECHB T[I[J'ISI paniyciB MOTOB-
T

11(S303 R =1,5; R_ 201 R_ 2,5 HOKa3aHi Ha puc. 2—4.
r r r
.o No o
2 2 08 1 =
08 ) vs 7 = 04
3 B
Ly B o4l NS ’
] N g A AR
0 -04 S
u e w176 16 18 20 |P . & T
—04F= -04—% 08 2
l 2 7 7 -12 w
-08 -08 = N
‘N3 16
a) -2 6) -12 B)

Puc. 2. 3miHa nmoka3HUKa HanpyXeHOro crany 1 i mapamerpa Hanai-Jlone 1, 3a pagiycoM 3aroToBKu
B 30Hi | st z=0:
Puc. 2. UlameHeHne nokasaTensi Hanps»XeHHOro CoCTosHMA 1 1 napameTpa Hagau-Jloge p, Nno pagunycy 3aroToBku
B 30He | npn z = 0:
Fig. 2. Changing of the stressed —state parameter  and Nadai-Loude parameter ., along the workpiece
radius in zone 1 for z = 0:

R R R
—hf:1,4;2—h—f:1,0;3—’1—":0,6:@5:1,5;6)f:2,0;8)f=2,5
r r r r
& €
% 09— ; o I s
07 3 08 < 09 S
1 Z .
' s 07 7 08 :
a5 06 a7 . [
04 05 06
l
o Pz P g %waz 5 5 18 P w0 12 15 16 18 20 22 26

Puc. 3. 3mina Hakomm4eHoi fedopmariii 3a pajiycom 3arotoBku st z = 0;
Puc. 3. VI3MeHeHHne HaKOIUICHHOH JeopMaryi 1o pajuycy 3aroToBku mnpu z = 0:
Fig. 3. Changing of the accumulated deformation on the workpiece radius for z = 0:

1—hff=1,4: 2—hff=1,0: 3—h—f=0,6:a) 5:1,5;6) 5:2,0;8) 5:2,5
r r r r r
7
a8 3
04
2
az 7
o

04 g8 12 /T

Puc. 4. 3anexxHicTh BAKOPUCTAHOTO PECypCy IIACTHYHOCTI B TOUL 3 MAKCHMAJIbBHUM PajliyCcoM BiJ] TapaMeTpiB
npouecy hyi R:
Puc. 4. 3aBrCKMOCTb MCMONB30BAHHOTO PeCypca NNacTUYHOCTY B TOYKE C MakCMMaribHbIM PaayycoM OT napameTpos npouecca hn R
Fig. 4. Dependence of the utilized plasticity recourse in the point with maximal radius on the process parameters h; and R:

R 15,20 R_20;3 R 25
r r

S~ o

3aJeKHICTh BUKOPHCTAHOTO PECypCy MIACTUYHOCTI B HeOe3MeuHid Toull BiJ mapaMeTpiB mpouecy
paziaTbHOTO BHIABIIIOBAHHS IMOKa3aHa Ha puc. 4.
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I3 anami3zy oTpuMaHMX PE3yJIbTaTiB BHILIMBAE, IO HAHHEOE3MEUHINIO0, 3 TOUYKH 30py PYWHYBaHHSA, €
30Ha 1, a HAWOITBIIA IHTCHCUBHICTH HAKOITMYCHHSI ITONITKOPKECHD B ITiH 30HI Ma€ MiCIie Ha TOPU3OHTAIBHIHN
0Ci CUMeTPii.

HanpsxeHHo-AedpopMUpoBaHHOE COCTOSIHUE

[ns oueHKn BNUSHUSA OCHOBHbIX NapaMeTpoB MpoLuecca paaunanbHOro BbldaBnvMBaHUA Ha npegenb-
Hoe chopmonsmMeHeHne HeobxoamMMa MHopMaUns O BANMSHUN 3TUX NapamMeTpoB Ha UCTOPUIO Harpyxe-
HWS, KOTOopasi OAHO3HAYHO onpeAenseTca HanpsXKeHHO-4edOoPMUPOBAHHBLIM COCTOSTHUEM U 3aKOHOM €ro
N3MeHeHusa B npouecce nnactndeckon gedopmauun [4—7]. MNpn pelieHnn Kpaeson 3agadv cyuTanw,
YTO HanpsXeHHO-AedOPMUPOBAHHOE COCTOSAHUE SABMSETCA OCECMMMETPUYECKUM, a AedopMunpyemblii
MeTann paccMmaTtpusan Kak XecTKO-MnacTuyHoe Tero.

[na ocecMMMeETPUYECKOro Hanps>KeHHOro COCTOSAHUA B LUMIMMHAPUYECKON CUCTEME KoopanHaT ypas-
HeHus paBHoBecusl nmetoT Bug (1).

CoOTHOLLEHNE MeXay KOMMOHEHTaMM TEH30pa HanpsbkeHWn U ckopocTen aechopmaumin no Teopum
NNacTM4eckoro Te4eHms UMeroT Bug (2).

KoMnoHeHThI TeH30pa ckopocTen fedopMannini CBA3aHbl C KOMMIOHEHTaMWU CKOPOCTEN NepemMeLLeHNN
COOTHOLLEHUsIMU (3).

YcnoBne HeCXKMaeMoCT/ B AaHHOM crny4vae umeeT Bug (4).

PacyeTHas cxema npouecca paguvarnbHOro BblAaBnvMBaHUA MokasaHa Ha puc. 1. Ons ynpoweHus
pacyeToB BCe NMHENHbIE pasMepbl OTHECEM K paaunycy KOHTenHepa matpuupbl 7 (5).

Ouar pedhopmaunm npefctaBMMm B BuAE OBYX 30H: KOMbLEBOW 30HbI 1 C rpaHuuamu B npegenax
1 < p £ R — B paguanbHoM Hanpaenexuu; 0 < z < f (p) — B BepTUKanbHOM HanpasneHuwu, rae f (p) —
ypaBHeHue rpaHuubl odara gedopmauun UMNMHOPUYECKON 30HbI 2 ¢ rpaHMuamm 0 < p < 1 — B pagu-

h
arbHOM HanpasneHum, () < z < é — B BEPTUKaJIbHOM HanpasJieHUWN.

CxeMma HanpsiKEHHOrO COCTOSAHMS B 30HE 1 Bnnska k cxeme, KoTopasi UMEET MECTO B TONICTOCTEHHOM
Tpybe nog BHYTPEHHUM OaBMEHVEM, @ B 30HE 2 HanpshkeHHOE COCTOSIHWE aHanormyHo ocagke ¢ HGoko-
BbIM nognopom. B aaHHow paboTe 6yaeT uccnenoBaThCst MNACTUYHOCTL MeTanna B 3oHe 1, MOCKObKY
paspyLueHne npu paguansHOM BblAaBnMBaHUM Ha4yMHaeTCs B 3TOM 30He [1—4].

Ha ocHoBe kadyeCTBEHHOro aHanm3a npouecca gedopmauun B 1-oi obnactv 3agaavMm BepTUKarnb-
HYIO COCTaBNAOLLYI CKOPOCTU nepeMelleHns B Buge [1], (6).

OTO BbIpaXeHWe yOOoBNETBOPSIET rPaHNYHbIM ycrnoBuam (7).

B pa6ote [1] 3HaueHus koadduumeHTa A B 3aBMCUMOCTN OT R 1 h; onpeaeneHbl aKCnepuMeHTarnb-
HbIM NyTEM.

M3 ypaBHeHWS Hepa3pbIBHOCTU (4) NOCne NOACTaHOBKM TyAa 3HaYeHun v, n3 (6) Haxogum (8).

PeweHue ypaBHeHus (8) gaet (9).

MoctosiHHyto C B ypaBHeHuun (9) onpegenvm Takmm obpasom. CKOpOCTb TeyeHuss mMeTanna npu

r=1 13 30Hbl 2 B 30HY 1 L, Hangem n3 ycrnoBusi HemameHsiemocTn obbema (10).
M3 (10) Haxoamm (11).
Mockonkky Npu p = 1 ckopocTb v, (1) ZZUTO , To 13 (9) Haxogum (12).

Torga ans ckopocTtu Uy » yuuTbIBaA (9) 1) nonyuum (13).

i3
n (1
Ucnoneaysa dopmynel (3) n bopmyny (13), HaxoaMm KOMMNOHEHTbLI TEH30pa CKopocTeln gedopmaumi
B MepBow 30He (14).
Haxognm MHTEHCMBHOCTb CkopocTen gedopmauuin Ans nepBoW 30HbI, Ucnonb3ys gopmynel (14),
(15).

MoactaBMM 3HaYeHWEe KOMMOHEHT CKOpOCTel AedpopMauiuii ép,ée,éz i }'/pz B ypaBHEHWe CBA3M

MEXAyY HanpsxeHussMu 1 gedopmauusiMun (2) n Nony4mm crnepyowme BolpaXXeHUs O5si KOMMOHEHT TeH-
30pa HanpshxeHui B 30He 1 (16).

Mocne pelueHns cuctemsl ypaBHeHu (1) n (16) n nocnenyloWero MHTerpupoBaHna onpeaensiem o,
(17), (18).

Mo HangeHHOMY 3HauYeHWIo G, M3 ypaBHeHW cBA3K (16) onpeaensem c,, o, U T,, U HAXO4UM Bbipa-
XKEeHUs s KOMMOHEHTOB TeH30pa HanpsikeHu B 1-1 3o0He (19).

OueHka npepenbHoro ¢popmMousMeHeHus
,D,J'Iﬂ onpeneneHnda ncnosib3oBaHHOro pecypca ninaCctm4HoOCT onpenendanu nokasaTteslb HanpAaXeHHOo-
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ro coctosiHusa [4—7] (20) v napameTp Hagawn-floge (21). CteneHb gedopmauumn paccyuTbiBanm no
dopwmyrne (22).

Mpn 3TOM MHTEHCUBHOCTbL CKOpOCTEN Aedopmaumii Haxogmnum no opmyne (15).

B paboTe BbINOMHEHbI UCCNEAoBaHUS 3arotoBok 13 ctanu 10. [ins oueHKn 3aBUCMMOCTU NNacTUYHO-
CTM OT CXEMbl HarnpshKEHHOr0 COCTOSIHUSI UCMOMb30Banu MOBEPXHOCTb NpPeAenbHbIX aedopmaumi
€p (n, us), nonyyeHHylo B pabote [5]. kcnepMMeHTanbHy 3aBUCUMOCTb ep(n, p.c) annpoKCUMMpPO-

Banu cpyHkumen (23).

Mpouecc HarpyxeHns cynTany MOHOTOHHbIM, MOSTOMY UCMOMb30BaHHbIA PECYpPC NNacTUYHOCTU pac-
cunTbiBanu no kputepuio (24) [5].

KoMMNOHeHTLI TeH30poB cKkopocTer AedopMauuin, HanpsXKeHUn 1 nnactuyeckux gedopmauun, ux
pacnpegeneHue no obvemy gedopMMpyeMon 3aroToBKM U 3aKOHbl M3MEHEHUS B npoLlecce nnacrude-
ckon pgechopmMauum onpegensanu no dopmynam (14), (15), (17) n (19).

MMony4yeHHble B pe3ynbTaTe pacyeToB 3HAYEHUSA MokasaTenen HanpspbkeHHOro COCTOSHUS M U [ U
HaKonneHHon dedopmauun e,, B 3aBUCMMOCTM OT paguyca p, OTHOCUTENbHOW BbICOTbl YTOMLLEHWUN
hy . R 'R R
?D,J'Iﬂ pagunycoB yTOMLEHUI T: 15; 7:2,0 " 7:2,5 npuBedeHbl Ha puc. 2—4.

3aBMCMMOCTb MCNOMb30BaHHOMO pecypca NNacTUMYHOCTY B OMAcHOW TOYKE OT NapaMeTpoB NpoLec-
ca pagvarnbHOro BblgaBnvMBaHus NpusefeHbl Ha puc. 4.

M3 aHanusa nonyyeHHbIX pesynbTaToB BbiTEKaeT, YTO Hamboriee OnacHOW, C TOYKU 3peHUs paspy-
LeHus, aBnaeTcs 3oHa 1, a HanbonbLllas UHTEHCUBHOCTL HAKOMMEHUS MOBPEXAEHMIN B 3TON 30HE UMe-
€T MeCTO Ha ropu3oHTanbLHON OCU CUMMETPUMN,

Stressed-Deflected state

The evaluation of the influence of the main parameters of radial extrusion process on the
forming limit requires the information on the influence of these parameters on the loading history
which is directly determined by the stressed-deflected state and by the law of its changing during
the process of plastic deformation [4—7]. During the solution of the boundary problem, the
stressed-deflected state was assumed to be axisymmetrical and the metal being deformed was
considered to be a rigid plastic body.

For axisymmetrical stressed state in the cylindrical coordinate system, the balance equations
have the form of (1).

According to the plastic flow theory, the correlation between the components of the stress ten-
sor and the deformation rate tensor have the form (2).

The components of the deformation rate tensor and the displacement speed components are
connected by the following correlations (3).

The incompressibility condition in this case has the form (4).

The loading diagram for the radial extrusion calculation process is shown in Fig.1. In order
to simplify calculation, all the linear dimensions were related to the radius of the matrix r con-
tainer (5).

The deformation center can be represented in the form of two domains: the ring domain 1 with
boundaries in the range of 1 < p < R — in radial direction; 0 < z < f (p) — in vertical direction,
where f (p) — is the equation of the deformation rate boundary; and the cylindrical domain 2 with

boundaries 0 < p <1 — in radial direction, 0<z S%f — in vertical direction.

The stressed state scheme in domain 1 is close to the scheme observed in the thick-walled
tube under the internal pressure, and in domain 2 the stressed state is similar to that of upsetting
with the side support. The given paper studies the metal plasticity in domain 1, because the fail-
ure under the radial extrusion starts from this region [1—4].

On the basis of qualitative analysis of the deformation process in domain 1, the vertical com-
ponent of the displacement speed can be defined as (6) [1].

This expression satisfies the boundary conditions when (7).

In [1] the values of factor A depending on R and h; were determined experimentally.

From the continuity equation (4) after substituting the values of v, from (6) we find (8).

The solution of equation (8) gives (9).

Constant C in equation (9) is determined in the following way. The speed of metal flow from
domain 2 into domain 1 (r = 1) is found from the condition of the volume invariability (10).

From (10) we find (11)
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Since when p = 1 speed L, (1) :ZUTO , then from (9) we find (12).
£

Thus, taking into account (9) and (11) we obtain for speed v, (13).

Using the expressions (3) and the expression (13), the components of the deformation rate
tensor in domain 1 can be determined (14).
Using the expressions (14), (15), we determine the deformation rate intensity for domain 1.

The substitution of the values of deformation rate components ¢,,¢4,¢, i 7,, into the equa-

tion (2), that expresses the correlation between the stresses and the deformations, allows to ob-
tain the following expressions for the stress tensor components in domain 1 (16).

The solution of the set of equations (1), (16) and subsequent integration, allows to find o,:
(17), (18).

Using the obtained value o, from the coupling equations (16) we can determine the values o,
o, and t,, as well as the following expressions for the stress tensor components in region 1 (19).

Evaluation of limit forming

To determine the degree of plasticity resource used in the plasticity zone, the stressed state
parameter (20) [4—7], and Nadai-Loude parameter (21) were determined. The deformation de-
gree was calculated by the formula (22).

The deformation rate intensity was found by the formula (15).

The paper presents the executed research of the steel workpieces 10. In order to evaluate the
plasticity dependence on the stressed state scheme, the surface of boundary deformations
e, (n, pc) , obtained in [5], was used. The experimental relationship e, (n, uq) was approximated

by the function (23).

The loading process was assumed to be monotonic, therefore the degree of plasticity re-
source used was calculated by the criterion (24) [4].

The components of deformation rate tensors, stress and plasticity tensors, their distribution in
the volume of the deformable workpieces as well as the laws of their changing in the process of
plastic deformation were determined by the formulas (14), (15),(17) and (19).

The obtained values of stressed state parameters n i u,;, and accumulated deformation e, de-

pending on radius p, relative thickening height h_—f for the thickening radius E= 15; E=2,0 and
r r r

R =2,5 are presented on fig. 2—4.
B

The dependence of the used plasticity recourse y in the dangerous point on the parameters of
the radial extrusion process are presented in Fig. 4.

From the analysis of the obtained results it follows, that zone 1 is the most dangerous zone in
terms of failure, and that the highest intensity of failure accumulation is observed on the horizontal
axis of the symmetry.

BucnoBku

Ha ocHoBi MeToniB Teopii Ae)opMOBaHHOCTI BCTAaHOBJICHO BIUIMB OCHOBHHMX MapaMeTpiB MpoLecy pa-
JIlaJIbHOTO BUAABIIIOBAHHS Ha rpaHUYHE OPMO3MIHEHHS B PE3y/IbTaTi XOJI0HOI ITACTUYHOI Aedopmaliii.
ITokazaHo, 10 3 pOCTOM BiTHOCHOT BUCOTH (hIaHII, IKWHA BUIABIIOETHCS, BUKOPUCTAHUHA PECypC IUIACTH-
YHOCTi 3MEHILTY€THCA.

BbiBOAbI

Ha ocHoBe meTonoB Teopumn Ll,e(bOpMVIpyeMOCTI/I YCTaHOBJ1IEHO BJIMAHUE OCHOBHbLIX MapamMmeTpoB
npouecca pagunanbHOro BbloaBnnMBaHUA Ha npenefibHoe (*)OpMOM3MeHeHI/Ie npu XOSIOAHOM nnacTuye-
CcKowm p,e(bopmau,wvl. lMokasaHo, 4TO C pocToM OTHOCUTENBHOW BbLICOThI BblAAaBNUBAEMOro (bnaHu,a nc-
Nosib30BaHHUN pecypc NNnacTM4HOCTUN YMeHbLUaeTCA.

Conclusion

On the basis of the methods of deformability main radial extrusion process parameters’ influ-
ence on the limit forming during the cold plastic deformation was determined. It is shown that the
increase of the relative height of the extruded flange reduces the plasticity resource used.
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