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1 Cubupckuii rocyrapcTBeHHbIH HHAYCTPHAIBLHBIN YHHBEPCHTET
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(654043, Poccus, Kemeposckast 0011., . HoBoky3retik, Kocmuyeckoe mocce, 16)

Annomayusn. IloctpoeHa MozieNb ropsuei NPOTSHKKM CTAIBHBIX HUIMHIPHIECKUX 3ar0TOBOK HEOOIBIIOr0 AUaMeTpa B KOMOMHUPOBAHHBIX OOMKax JUIs

TOJIy4eHHs TOKOBOK KPyIIoro cedenus. Paccmarpuaercst cxeMa I10ckoid aedopmanun. Pacuer HarpspKeHHOTO COCTOSIHUS SIBIISETCSl Pa3BUTHEM
penreHus 3agaqu Mudena ams ynpyroro kinHa, 3agaqn drnamana 1714 nomy0eCKOHEYHOH IIIACTHHBL, @ TAKKe IPEUIOKEHHOTO PaHee METO/a OLICHKH
nepexojia B IJIACTHYECKOE COCTOSIHUE 3arOTOBKH IIPU TPOTSHKKE B IUIOCKHX Oolikax. TemmeparypHble HalpspKEHUsI HE PAaCCMATPUBAIOTCS; OT TEM-
HepaTypsl 3aBUCHT MOMYIb YIPYTOCTH MaTepuana 3aroToBku. OmpezeNeHsl oI TeH30pOB YIPYTHX HANpPSKCHUH B 3aTOTOBKE, 0OYCIOBICHHBIX
JeficTBUEM TPEX COCPELOTOUEHHBIX CUII, TOCTPOEHO 110J1€ CyMMapHBIX HANPSHKEHUIA, 3aBUCSIIEe OT yIvla BbIpesa HuKHero Ooiika. [Tomyyena onenka
HANpsUKCHUH B 30HE TIPEIIOIaraeMoro IIacTUYeCKOro TeYeHUs B CEUCHHH 3aTOTOBKH, ONMPAOIIASACS HA Ipe/eIbHbIC 3HAUCHUS HHTCHCUBHOCTH
TEH30pa YIPYrux HalpspKeHUi, 00yCIOBISHHOIO AEHCTBHEM TPEX COCPEIOTOUEHHBIX YCHIINiA. PaccMoTpeH npuMep NpoTsHKKY 3ar0TOBKU U3 CTa-
i 45. OTOKAECTBIISAS Pe/eTbHY0 HHTEHCUBHOCTD YIPYTuX Aehopmariuii &, C TCXHUYECKHM TPEIENIOM TEKYJIeCTH &, = 0,002, oleHNB MOITYITb
ynpyroctu cranu 45 3nauennem 100 I'Tla npu temneparype 950 °C, nomyumny 3HaueHus KO(p(HUIHEHTa Harpy3kd B MOMEHT IEpexosa 4acTh
MaTepuaa 3ar0TOBKH B INIACTHYECKOE COCTOSIHUE U PaclpeIeNieHNsl KOMIIOHEHT CyMMAapHOTO TeH30pa HANPsUKCHUH. YpOBeHb HHTCHCHBHOCTH Ha-
NPSDKEHUH, COOTBETCTBYIOLINI MEPeXoly MaTepHalia 3aroTOBKH B IJIACTUYECKOE COCTOSIHUE, ONPEIeNII IPaHUIly IUIaCTHUecKoH 30HbL. [Ipencras-
JIeHBI COOTBETCTBYIOIUE rpaduxu. IlomyueHa 3aBUCHMOCTD pacipenee s KOMIOHEHT TeH30pa HAIPsDKEHH OT yIva BhIpe3a HIDKHETo OOHKa.

[ToarepxaeHa onTuManbHOCTB 3HaueHus (120°) yria Beipesa HikHero 6oika 11 onepauil NpOTSKKU 3arOTOBKH.

Kniwouegvie cnosa: Mozienb, KOBKa, MPOTSHKKA, KOMOMHUPOBaHHbIE OOMKHM, CTallb, MIMHAPUYECKAs 3arOTOBKA, MOAYIIb YIPYTOCTH, YCHIINE HA UHHILY
IJIMHBI 3aTOTOBKH, HAIIPSDKEHHS, 30HA IIACTHYECKOTO TeUeHNs, TpadHKH HAPSHKEHHUH, yroll BRIpe3a HIDKHETo 00iKa, CedeHHHE 3aTOTOBKIL.

Topstuas mpOTKKA CTANBHBIX HMIHHAPUYECKUX 3ar0To-
BOK HeOombIoro (1o 300 MM) araMeTpa B KOMOMHUPOBAH-
HBIX OOlKax o0ecrieyMBaeT OTHOCUTENFHO HEBBICOKHE YCH-
nust KoBKU. [lpyn HazHaueHWH pekuMa MpoTsHKKH [1] s
HOBBIX TEXHOJOTUH KOBKH [2, 3] HEOOXOAMMO yUUTHIBAThH
(opMHpoBaHHEC W Pa3BHUTHE 30H IUIACTHICCKOTO TCUCHHUS
B CEUEHHUH 3aroTOBKH. B 4acTHOCTH, Ha3HaYE€HUE BEITUYH-
HBI YKOBA 32 OJTHO 00KaTHE OMPEACISIETCS Pa3MepoM TaKon
30HBl. CHEKTp METONIOB PEIICHUS] MOIEIbHBIX 3ajad IS
aHaM3a HANpPSHKCHUH TPOTSDKKU IMIMPOK, OT KIacCHUec-
kux [1] 1o mpencTaBieHus 3aroTOBKU BSI3KOYIIPYTHUM TEJIOM
MakcBerta, oJBEpTHYTHIM yIapHBIM Harpy3kam [4].

B nactosiedl pabote mpeacTaBicHa OICHKA (DOPMHU-
POBaHMS 30HBI ITACTHYCCKOTO TECUCHUS VIS CXEMBI C KOM-
OuHupoBaHHBIMHM Oolikamu. OlLieHKa OCHOBaHa Ha Ipe-
JICTBHBIX 3HAYCHUSIX HHTCHCHBHOCTH TEH30pa YIPYTUX
HarnpspKeHui, 00yCIIOBICHHOTO JEHCTBHEM TPEX COCPENO-
TOUYECHHBIX ycuiui. PaccMarpuBaercs cxema ITOCKOHM Jie-
(hopmanuu, ypaBHOBELICHHBIE COCPEIOTOYCHHBIE YCHIIHS
Ha COUHUIYY IJTMHBI IIIHHAPA TPHIOKEHBI K 3arOTOBKE
B TOYKax ee KOHTakTa ¢ Ooiikamu (puc. 1, a). Pacuer Ha-
NPSDKEHHOTO COCTOSTHMS SIBISICTCS PA3BUTHEM PEIICHHUS
3agaun Mudena [5] i ynpyroro kinHa, 3anadu ®inamana
JUTSL TTOJTyOeCKOHEYHOM TUTACTHHEI [6] 1 MeTona [7] oleHKH
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nepexojia B IUIACTUYECKOE COCTOSHUE KPYIJIOW 3aroToB-
KM TP MPOTSDKKE B MJIOCKUX Oolikax. M3BecTHBI MeTOMbI
AQHAJIMTUYECKOTO pacyeTa IMoJjisi TEMIeparyp B cXxeMe IIoc-
Kol nedopmaruu [8], OHAKO BBHJY MallOCTH JUAMETpa
3aroTOBKH TEMIIEpaTypHbIe HAPsKEHUs], MO00HBIE MTpeI-
CTaBJICHHBIM B padore [9], HE paccMaTpHUBAIOTCS; OT TEM-
MepaTypbl 3aBUCUT MOAYIb ynpyroctd £ (Momynb FOnra)
IIEPBOro poja.

OnpenenuM HamnpspKEHUST Ha TMOBEPXHOCTH LUJIUH-
Jpa paguycoM R, oOyCJIOBICHHBIC YCHIUSIMHU P Ha eau-
HUILY JJIMHBI HWIAHIPA, MPUIOKEHHBIMUA B Toukax A, B
n C ceuenns mmmHApa (puc. 1, a). Ha puc. 1, a Touka
M — npou3BoNbHAS TOYKA MOBEPXHOCTH LUIUHAPA; Y —
yriaoBasi kKoopauHata Todek B um C KOHTaKTa CedeHUus
LUIIMHPA C BBIPE3HBIM OOMKOM; 7, ), ¥ — PACCTOSHUS
OT TOYKM M JIO TOYEK KOHTAKTA CEYEHHUs ¢ OOMKaMu; ¢ ,
®,, ©, — YIJIOBBIE KOOPMHATBI TOYKU M OTHOCHUTEIBHO
TOYeK KoHTakra; X, X, m Y|, ¥, — jexapToBa cucrema
KOOPJIMHAT € LEHTPOM B Toukax 4 u O; o, 0, 0 — yIIo-
Bbl€ KOOpPAMHATHI MOJIApHOTO paxunyca OM OTHOCUTENb-
HO mpopomxeHuit npsameix OA4, OB, OC. U3 reomerpu-
YECKHX COOTHONIEHHH ClenyeT, 4to ¢ + ¢, = 1/2(m — y);
P =Py =Y 0, = 29,50, =2¢,5 0. =2¢,7,=2Rc0s¢,;
r,=2Rcos¢_;r,=2Rcosq,.
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P/(2cosy) P/(2cosy)
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a

Puc. 1. K onpeneneHuo HanpspKeHUI B TOYKaX MOBEPXHOCTHU 3ar0TOBKH (@) U B TOUKax ee Tena (6)

Fig. 1. The definition of stresses in points of billet surface (@) and in points of its body (6)

4 B C .
PaguaneHbie HanpspkeHus .., ©,. , G, B JII00ON Touke M

IIOBEPXHOCTH LIMJIMHPaA OT ycuwiini B Toukax 4, B u C nume-
10T [IOCTOSIHHBIE 3HAYEHUsI U HAIIPaBJIEHbl COOTBETCTBEHHO
BIOJIb OTpe3koB AM, BM, CM:

S S
2nRcosy

IIpu >TOM OKpYX)HBIC 0:3 W KacaTeJabHbIC T HANPSHKESHUS
B TIOJISIPHOM cHCTEME KOOPAMHAT C TMOJIOCOM B TOUKE MPHU-
JIOXKEHUSI COCPEOTOYEHHOTO YCHIINS PAaBHBI HYII0. TeH30p
HanpsokeHuit X4, 00ycoBIeHHBIH yeueM P, TpUIokKeH-
HBIM B TOUKE A, B IEKAPTOBOM CHCTEME KOOpIUHAT Xl, X2
HMEeT CIIEAYIOIUN BUL:

3
A _ 2P| XX,
2
Wy \(X1 Xy XX,
2 Ya :
cos sina,,
P
=—— ,0<0,<m (1)
R . .2 Oy
—sino,,  sin” —%

Ipencrapnenue TeHsopa X uepes MONAPHBIA yron o,
B ypaBHeHUH (1) sABIsCTCS HHBAPHAHTHBIM. B cBOMX KOOp-
JUHATHBIX CHCTEMaXx, CBS3aHHBIX ¢ Toukamu B u C npuiio-
sxeHus yeunuid P/(2¢osy), TeH30pbl Hanpsbkenni X2 u X
MOYHO TIPE/ICTaBUTh

20y 1.
P cos 5 —sinay,
Sl TP — 0<oa,<m (2)
2nRcosy| 1 . 2 Oy
—sina, sin®—
2 2

B C
P/(2cosy) P/(2cosy)
Xl
o
1.
P cos’ % Esm o,
DI ,0<a, <m (3)

2nRcosy| 1 . 20
Esma sin” —

[IpuBenem TeH30pbI U3 BhIpaxkeHul (2) u (3) k Touke 4:

S4B — H;I_YZBHR_Y, »AC H;anCl_Iy_n; sneck IL . u
Hyf . — MarpHIlbl TOBOPOTA OPTOrOHAIBHON CHCTEMBI KOOD-
JIMHAT Ha yIIbl (T — y) U (Y — ) COOTBETCTBEHHO. [loryuaem
§ % 1
— —sm( + 2y)
S4B _ 2 2
" 2nRcosy 1 . .o ’
! —s1n(ocb +2y) sin’ (Tb+y
&2 [ % j 1 . (
—— —sin (o, — 27)
ac _ 2 2
" 2mRcosy 1. . a
v —sm(ab 2y) sin’ Tb—y

CyMMapHBIH TEH30p HAMPSHKEHUH B TOYKAaX TTOBEPXHOC-
T IMIUHIPA, OOYCIIOBIEHHBIN NIeHCTBHEM BCEX YCHIIUH,
nepenaBaeMbIX OOHKaMM, OKa3bIBACTCS ITOCTOSTHHBIM IIIa-
POBBIM TEH30POM:

2 Y

cos” =
P 10
I S T S S—
mR cosy \0 1

Takum 00pa3oM, IS BHITIOIIHCHUS TPAHUYHBIX YCIOBUH
(paBEHCTBA HYIIO B TOUKaX MOBEPXHOCTU 3aT'OTOBKU KOM-
IIOHEHT T10JI TEH30pa HAIPSKEHUM, ONIPE/IEJIEHHBIX B TEJE
3aroTOBKH) HAJ0 HAJIOXKHUTbH Ha T0JIe HANPsHKEHUH, NeicT-
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BYIOIIMX BHYTPH [WJINHPA O JEHCTBUEM YCHUIUM KOBKH,
T10JIE TIOCTOSTHHOTO TEH30pa:

2y
. _iCOSEIO
: TR cosy \0 1)

HaiineM nose cyMMapHOIo T€H30pa HaIPSKEHUN B TeJle
3arOTOBKH ITOJ IEHCTBHEM BcexX ycmnii KoBku. Ilycts O —
BHYTPEHH:ISl TOUKa CEYeHHUs 3aroTOBKU. BBesieM B cedeHnn
HOJIIPHYIO CHCTeMy KoopanHat (puc. 1, 6); o — TONISpHbIH
yroi, 0 < o <2m; p — nossipHblil paguyc Touku Q. Herpyn-
HO TT0Ka3aTh, 9TO

72 =R*+p® +2pRcosa,
1
cosp, =—(R+pcosa);
ra
> =R’>+p° —2pR
p = p” —2pRcos(a+Y),
1 “4)
cos@, =—(R—pcos(a+7));
7
b

72 =R*+p? —2pRcos(a —7),

cos @, =l(R—pcos(0c—y)).
v,

c

BBenem 0Oe3pasmepHblii moNspHbIA pamuyc &= p/R,

0 <& < 1. TeHzop HanpsKEHUH Zé B TOYKe (J, 00yCIIOBIICH-

HBIHA yCUJIMEM B TOUKE A, B JIOKAJIbHOM JIeKapTOBOM Oa3uce

1 B Oe3pa3MepHBIX TIOISIPHBIX KOOPAMHATAX UMEET CIIEIYO-
LA BUT:

302

s4 __ 2P X Xxx| 2P

O w2 2

a \ XXy XX,

1+E&cosa

R (1 +& +2§cosoc)2

(1+§cosa)2 (l+§cosa)§sina

(l + & cos oc)E_,sinoc £%sin’a

Hcnonb3ys 3aBucuMOCTH (4), MOKHO TOJIYYHTH TEH-
30pBI HaMPSHKEHUN Zg, 28, TIPEICTABISIONINE PE3YIIBTATHI
neiicTBust B Touke Q ycwmit P/(2cosy), IPUIOKCHHBIX B
Toukax B u C:

B 2P 1+ &cos(a+7)
op=- 2
nRcosy (1 + &% +2Ecos(a+ y))
(1+E_,cos(ot+y))2 (1+§cos(a+y))§sin(a+y) _

(l + &cos(a + y))ésin(oc +7) £ sin’ (o +7v) ’
2P 1+ &cos(a—7)

TR cosy (1 +&° +2Ecos(a— Y))2

c _
=6 =-

(1 + &cos(a — Y))2
(1+ Ecos(o — ))& sin(o —7)

(1 + &cos(a — y))ésin(a -v)
&2 sin’(— 7) ’
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CyMMupysl 3Ha4E€HUS x4, Zg, Eg U BEJIMYUHY X, yUIH-
THIBAIOIIYIO TPAHUYHBIC YCIIOBUS, ITOJIy4aeM MOJIEIb IMOJIs
TEH30pa HaNpsHKEHUH B TeJle LUIMHIPUYECKON 3arOTOBKH B
Hayajie KOBKH B KOMOMHUPOBaHHBIX OOHKaX, KOT/1a M3MEHe-
HUEM (POPMBI CEUCHUS 3aTOTOBKH MOYKHO ITPEHEOPCUD:

zzzg+zg+zg+zrz[2iZZ}
pP| 2(1+&cosa)’

R (l+E_,2 +2<§.cos0c)2
(1-&cos (o +7))

cosy(l +&? =28 cos (o +y))2

Oy ==

Y
.\ (1—&,005(0&-1())3 _COSZE ‘
c:osy(1+§2 —2<‘,,c0s(oc—y))2 cosy

P 2(1+&cosa)&sin’ol .
R (1+§2+2§cosoc)2

. (l—écos(a+y))izsin2(a+z) .
cosy(1+§2—2§cos(a+y))

Gpn=

2 Y
+(1 —&cos(a—7))&’sin’(o—7) _COS > ;

cosy(1+§2 —2§cos(a—y))2 cosy

P 2(1+§cosoc)2§sinoc
R (1+<§2+2<§cosoc)2

G2

- (1 —Ecos(o+ y))zasin (a+7)
cosy(l +&% —2&cos(a+ y))2

- (l—ﬁcos(a —y))zﬁsin(a—y)
cosy(l +&? —2&cos (o —y))2

HanoMHMM, 94TO KOMIIOHEHTHI TEH30pa X MpeAcTaBie-
HBI B JIOKQJIbHOM JICKApPTOBOM 0a3nce OKPECTHOCTH JH00i
TOYKH CCUEHHMS 3arOTOBKH, TAKOW 0a3uc COOCEH I100allb-
HO# IeKapTOBOM cucTeMe KoopauHar X, X, ; KOMIIOHEHTHI
TEH30pa BBIPAXKEHBI Yepe3 Oe3pasMepHbIe MONAPHBIE KO-
OpJIMHATHI TOYKH IJIOCKOCTH CEYCHHUS 3arOTOBKU C MOJIHO-
COM B IIGHTpe ceueHus. B 3amade mmockoil nedopmarm
HOPMAJIbHBIE HANPSKEHHS O,y K TIOCKOCTH MONEPEYHO-
TO CEUEHMsI 3arOTOBKH OIPEICISIOTCS IO CIETYIOUUM
popmynam: 6., =u(c,, +G6,) — B yNpyrux o0Omacrsx;
0,,=0,5(c,, +0,,) — B IIIaCTHYECKON 00JIACTH 3arOTOBKH;
31ech | — ko3dduuuent [lyaccona.
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Puc. 2. Fpa(bPIKPI KOMITIOHEHT T€H30pa HaprDKCHI/Iﬁ B CCUCHHNH 3arOTOBKHU B JIOKAJIbHOM I€KapTOBOM Oasuce U B HMUIMHAPUYECKUX KOOpAUHAaTax:
aunob-— HOPMaJIBHBIC HAIPSIKECHUA o (522; 6 — KacCaTeJIbHBIC HAITPSKCHUS (512; 2 — MHTCHCHUBHOCTH Hanpmlce}mi& T

Fig. 2. Graphs of a component tensor of stresses in billet cross-section in local Cartesian base and in cylindrical coordinates:
a and 6 — normal stresses 6, and 6,,; 6 — tangent stresses G,,; 2 — intensity of stresses T

PaccMoTpuM MHTEpIpETalMio MOTYYEHHBIX pPEe3ynbTa-
TOB. Y4YacCTBYIOIAsl B BBIPAKEHUSIX KOMIIOHEHT TEH30pa
Y penuunHa P/R B 3ajaye MOCKoi AeopMaluud UMeeT
pa3sMEPHOCTh HAIpPSIKEHHUs, Tak Kak P — ycuiue, JIEeucT-
BYIOIIEE HA CAUHUILY JUIMHBI JIMHUM KOHTAKTa BIOJIb 3a-
roToBkH. bynem cuutarh MaTepuan 3arOTOBKU YIPYTHM.
B nacrosimeit pabore paccMaTpuBaeTCs MOMEHT IEepexoa
Marepuana B COCTOSHHUE IUIacTH4YecKoro tedeHus. Kak u
B pabote [7], mpumeM BeauuuHy P/R 3a XapaKTepHCTHKY
Marepuaa 3aroToBKU IPHU €ro OHOOCHOM HArpyxKeHUH —
MHTEHCUBHOCTBIO YIPYTUX HampshxkeHui. Onpenenum mpe-
JeIIbHOE 3HaUE€HUE MHTEHCUBHOCTH YIPYTUX HAMpPsKEHUH
Oy =P/R =E8yH ¥ OTOXECTBUM MapameTp G, C MHTEH-
CHBHOCTBIO HAIIPSKEHUH MIaCTHYECKOrO TEUEHUS:

V3
T, =7\/(011 _622)2 +4o7, =Oyy-

IIpenenbHy0 MHTEHCHBHOCTh YHPYTHX JedopMmanuit
€, OTOXKIECTBMM C TEXHMYECKMM IIPEIEIOM TEKy4ECTH
&y, = 0,002. Mcrione3ys cripaBOYHbIC JaHHbIC [10], oueHum
Monyab ympyroctu cranu 45 mpu temmeparype 950 °C:
E =100 I'Tla. Orcrona 3Hadenus: kodpduuuenrta P/(nR) B
MOMEHT TIepexo/ia YacTH MaTepraia 3ar0TOBKU B IIACTH-
YEeCKOe COCTOsIHUE 0e3 U3MeHEeHUs (POpMBI €€ TTOMEePETHOr0
cedeHus, onpenensemas ¢popmynoit: P/(nR) = (1/ mEe =
= (1/m)-100-10°-2-1073 = 63,7 Mlla, u npesea TEKy4ECTH
Marepuana G, = T =02TITla.

Ha puc. 2 mokasanbl rpaduKu KOMIIOHEHT G, C,,, Oy,
TEH30pa X HANPSHKEHW U MHTEHCUBHOCTU 1  HaNpsKEHUN
B IWIMHJAPUYECKUX KoopamHatax. OtTmerum OoJjblive
TPaJiCHTHl HCKIIOYATENFHO CKUMAIONINX HOPMaJIbHBIX
HaNpPsDKEHUA G| B 30HAX KOHTAKTa 3arOTOBKU C OOHKaMH.
B T0 ke BpeMs B 3HAUUTEIBLHOM YaCTU CEYECHUS 3arOTOBKU
HOpMaJIbHbIC HAIIPSKCHUS 022 SABJISIFOTCSL pacTATrMBarOIIn-

103



M3BECTUS BBHICHINX YUEBHBIX 3ABEAEHUN. UEPHAS METAJIYVPTUs. 2015. Tom 58. Ne 2

o, Tla
0,1+ it o
u f % i k' Pg
ok l -, IE\ -, ,._3\ B
o~ L~ ‘\]5\/"7“\,::\,

_0’ 6 1 1
0 2 4 o

Puc. 3. Pa3BepTka KOMIIOHEHT TEH30pa HANPSKEHUH BIIOJIb OKPYKHOCTH
CeUYeHHsI 3aroTOBKH Oe3pa3MepHbIM paguycom & = 0,75

Fig. 3. Net of a component tensor of stresses along a circle of cross-
section of billet with dimensionless radius & = 0,75

Mu. Puc. 3 1eMOHCTpUPYET CUMMETPHIO B PACIPEICICHHN
HaIpsDKCHUH B cllydae, KOrja yrojl BeIpe3a HWKHEro 0oiKa
cocrasnser 120° (y =60°, £=0,75). Ha puc. 4 npencras-
JICHBl JMHUHM YPOBHS HMHTCHCHBHOCTH [ HANpsOKCHUH B
UITUHPUYIECKAX KOOPIUHATAX MMPH PAa3IHMYHBIX 3HAYCHH-
SX yIJia BeIpe3a HIKHero Ooika. O0macTh, orpaHuYeHHAsS
manuamu T = 0,2, ABIISETCSA 30HON IMJIACTHYECKOTO Tede-
Husi. CuMMeTpusi JIMHUE puc. 4, 6 COOTBETCTBYET 3Haue-
Huto 7 = 60°. OueBUAHO, YTO I MPOTSHKKUA ¢ 0OXKaTHeM
¥ KaHTOBKOW 3arOTOBKH HamboJee MpremMIiieM yToil BeIpe3a
HwkHero Ooiika 120° (y = 60°). OH o0OecnieynBaeT paBHO-
MepHOe o0kaTue, Tak Kak yxke npu y = 65° (puc. 4, 8) cra-
HOBHUTCSI 3aMETHON HEPAaBHOMEPHOCTH PACIPEICICHUS UH-
TEHCHBHOCTH HAIPSUKCHUH.

Buieoown. TlocTaBnena u pelieHa 3aja4a MOJIEIUPOBA-
HHS [IOJIS TEH30pa HAIPsDKEHU I Ha HAYAJIBHOW CTauu Ipo-
TSKKU [AIMHPUYECKON 3arOTOBKH B Ky3HEYHOM IIpecce
¢ KOMOMHUpOBaHHBIME Ooitkamu. [lomydeHa 3aBUCHMOCTD
pacnpeneseHns KOMIIOHEHT TeH30pa OT yIia BhIpe3a HUX-
Hero Ooiika. [TokazaHbl OCOOCHHOCTH pacrpe/ieiieHUs Ha-
MPsDKEHU B 30HAX KOHTAKTa 3arOTOBKU ¢ Oolikamu. Ilon-
TBEPXKJACHA ONMTHUMAILHOCTh 3HaueHus (120°) yria Beipesa
HIDKHETO O0MKa ISt oneparyii NpOTsHKKY 3aTOTOBKH.
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a

Puc. 4. Jluruu ypoBHS MHTEHCHBHOCTH HAMPSDKCHUI HAJl IIIOCKOCTBIO CEYEHHsI 3ar0TOBKH 1pH Y = 45° (a); y = 60° (6); v = 65° (s)

Fig. 4. Level lines of stress intensity over a plane of billet cross-section at y = 45° (a); y = 60° (6); y = 65° (8)
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STRAINS OF DRAWING INITIATION OF CYLINDRICAL BILLET AT THE HOT FORGING
IN COMBINED ANVIL BLOCKS

Bazaikin V.I.\, Dr. Sci. (Eng.), Professor of the Chair of Ad-
vanced Mathematics (bazaykin.vi@yandex.ru)
Temlyantsev M.V.', Dr. Sci. (Eng.), Professor, Vice Presi-
dent for Research and Innovation

Bobrov B.Y.2, Chief Specialist of the Master Mechanic Ser-
vice

ISiberian State Industrial University (42, Kirova str., Novokuznetsk,
Kemerovo Region, 654007, Russia)

2 0JSC “EVRAZ - Joint West Siberian Metallurgical Plant”
(16, Kosmicheskoe route, Novokuznetsk, Kemerovo Region, 654043,
Russia)

Abstract. The model of hot drawing of steel cylindrical billets of small

diameter in the combined anvil blocks for obtaining of forgings of a
circular section was constructed. The authors considered the plane
strain schema. The calculation of stressed state is the way to solve
a problem of Michel for an elastic wedge, a problem of Flaman for
a semi-infinite plate and offered before method of an assessment
of transferring in plastic condition of billet at drawing in flat anvil
blocks. The temperature stresses were not considered; the elastic
modulus of the billet material depends on temperature. The fields
of tensors of elastic stresses in the billet, three concentrated forces
caused by action were defined; the field of total stresses depending on
angle of cut of the inferior anvil block was constructed. The assess-
ment of stresses in a region of prospective plastic flow in the prepara-
tion section, leaning against limiting values of intensity of a tensor
of the elastic stresses caused by action of three concentrated efforts
was obtained. The example of drawing of the billet of steel 45 (Rus-
sian grade) was considered. Identifying limiting intensity of elastic
deformations €, with technical yield point &), = 0,002 and estimat-
ing elastic modulus £ of steel 45 100 hPa at temperature 950 °C, the
authors have received values of coefficient of load at the moment of
transferring of a part of billet material in plastic condition and distri-
bution of component total tensor of stresses. The level of intensity of
the stresses, corresponding to transferring of billet material into plas-
tic condition, has defined the border of plastic layer. The conforming
graphs were presented. Dependence of distribution of a component
tensor of stresses from angle of cut of the inferior anvil block was
received. The optimality of angles of cut of 120° of the inferior anvil
block was confirmed for drawing operations of the billet.

Keywords: model, forging, drawing, the combined anvil blocks, steel, cy-

10.

lindrical billet, an elastic modulus, effort per unit of billet length,
stresses, a region of plastic flow, graphs of stresses, angle of cut of
the inferior anvil block, billet section.
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