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PelieHne 3agay WHXEeHEPHOKo aHann3a
Ha npuMepe MaLUMHOCTPONTENILHOIO
npegnpuaTusa

b.B. lNneckay, J1.H. BopHukoB, A.A. KynayeHko, J1.[1. LLlep6ak
3aKpbIToe aKkuMoHepHoe obuecTBO «HoBOKpamMaToOpCKUU
MalUMHOCTPOUTENbHbLIN 3aBoAy, . KpamaTtopck, YKkpanHa

AHHoOTauus

B ooknage onncaHbl NepBble Wark no Cco34aHuko CUCTEMbl CKBO3HOMO
KOPNOpaTUBHOIO pacyYeTHOro aHanmmMsa MalluH U TEXHOSIorMM Ha base
TshKernoro nporpammHoro komnnekca ABAQUS. lNpu atom BbIboOp ObIn
cOoenaH Ha pelleHne psda 3adad, B KOTOPbIX OXBaTbIBaSICA LLUMPOKUN
CHEKTP TaKMX WHXEHEPHLIX MpobsfieM, Kak KNHEMATWUKa N cTaTndeckas
NPOYHOCTb, bU3MYECKAd U reoMeTpuyeckast HEMIMHENHOCTN, KOHTAKT Terl
CJTIOXXHOW KOHpurypaummn, Tennogusnka



AHANUI AEDPOPMALIMOHHBLIX NPOLECCOB
NP1 NEOBANMUIALVU TPYB

Mepeown 3apadven, peweHHon B 3A0 «HKM3» c
npuMmeHeHnem pac4yetHoro naketa ABAQUS, 6bino
yCTaHOBNEHWEe OCHOBHbIX NapaMeTPOB CNEeXeHUA Npu
peoeanusauun Tpyb 6onblioro auametpa. Cos3naHa
MOAenb B3auMOAEWCTBUA Mexay Tpybowu n nyaHco-
HaMW NPU HanUYun reoMeTpudeckou u Pusn4ecKou
HennHenHocTen npouecca. MoaenupoBanucbh, Kak
CUNOBOE, TaK U KNHEMaTU4YeCcKoe BO3NEUCTBNE NyaH-
NYaHCOHOB Ha BHYTPEHHIO NOBEPXHOCTb TPYObLI NO
HanpaeneHuto Manou ocu annunca. [loa pewcreuem
3a[aHHOW CUNbl N Npu NepemMelwleHne Ha onpe-
pAeneHHoe paccrtofaHue Tpyba pedopmupoBanacs,
nocne 4ero BO3AeUCTBME NYaHCOHOB Npekpallanoch

U OHU OTBOAUITUCL B UCXOAHOE NONOXXEHUE.



HcxoaHble reoMeTpUuUYecKHe pa3Mepbl yyacTka TpyOsbl 10
IeoBaJIM3aluu.
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Cxema JaeoBaju3anum TPyO ¢ 3aJaHHBIM CYMMapHBLIM
xo0M nmyanconoB 100 mm.
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KoHeuHO — 3j1eMeHTHasi MO/IeJIb TPYObI ¢ MyaHCOHAMU

JedopMHUpPOBAHHBINA Y4ACTOK

TPYObI MOJEJIUPYeETCS MOJHOCTHIO
HHTErPUPYEMbIMH 3JIeMEeHTAMU

nepBoro nopsinku C3D4
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HanpsiskeHus1 B BePTUKAJbHOM IJIOCKOCTH CUMMETPUH
ne(opMUPOBAHHOIO (pparMeHTa TPYObI
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Hanps:keHHo-1e(popMUpPOBaHHAs MO/IeJIb TPYObI C MYaHCOHAMM K
KOHIY MEPBOI0 3Tana HArpy:KeHus
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HanpsiskeHHo-1e(popMUpPOBaHHAs MO/IeJIb TPYObI ¢ MYaHCOHAMMU
KOHILY BTOPOI'0 3Tana HArpyKeHusl

&, Mises

fAwe. Crit.: 75%)
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HanpsikeHus B cevyeHunax pparmeHTa Tpyobl
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5, Nises
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FeomeTpuyeckue napameTpbl TPYOb! A0 U NOcne oTBoAa NyaHCOHOB

D=578.8 mm

D= 588.4 mm
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MopenupoBaHuMe 3arayuiku LUNMHApa npecca
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[Ipon3BOOCTBO NPOKATHBLIX
BaJikoB

3a 6onee 4yem 65 net 3A0 «HKM3» noctaeun
3akas4mkam cebie 1150000 ToHH pabounx w
ONOPHbIX BaNKOB XONOAQHOW U rOpAYen NPOKaTKW,
B TOM YnCne KOMMNO3UTHbIX. A3rotoenenue Ban-
KOB C BbICOKUMW 3KCNNyaTaUWUOHHbLIMWU XapaKTe-
PUCTUKaAMW OCYLLECTBNAETCA NO CaMbiM COBpe-

MEHHbIM TexHonornam. KadecTeo NMPOKaTHbIX

BankoB NOATBEPXAEHO CepTUPUKATOM TEeXHWU-
yeckoro HaasopHoro obuiectea TUF NORD.
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SOLID-FORGED ROLL

D 1000-1600mm
© L 1100-2800mm
S HSD 40-55, 5570, 70-85
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SOLID-FORGED ROLL (Transportation)
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NORCHRO-JJICMCeHTRan MOALEC]Ib U TeMliePalypnroe 110J1¢e
B 6aH,qa)KI/IpOBaHHOM BaJike npu oxnaxxaeHmnu

NT11
+1.350e+02
+1.348e+02
+1.31l6e+02
+1. 28 Se+02
+1.253e+02 =5s
+1.221le+02 EiE
EEEEEH +1.120e+02
+1.158e+02 EFEEH
! +1.127e+0z2
2= +1.055e+02 Si=a=
=== +1l.063e+0z2 SEEES
{ +1.032e+02
EH +1.000e+02 Tt
Eeraa Max +1.380e4D2
1 at node &0
i H Min +1.000e+02
iair at node 1




N3onona 3kBMBaNeHTHbIX Hanps>keHU B Barnke c

NOCTOAHHbLIM HaTArom u oxnaxaeHuu B neum go 100 n 20°C

3, Mises=
[Ave, Crit.: 75%)

+Z.513e+035
+Z.306e+05

+1.658353e+035
+1.475e+05
+1.265e+035
+1.0602+05
+3 . 52 5e+07
+6.4532+07
+4.375e+07
+2.3043e+07

Max +Z2.513e408
at elem 451 node 534

Min +2.287e+06
at elem 1432 node Z81

Max
at
Min
at

+2.126e+408
elem 451 node 53534

+1.414e+03
elem 1123 node 1323
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Oedopmayua coctaBHOro Barnka npu noCToAsHHOM HaTfre
u ocTbiBaHUM B neun go 100 n20°C

T, Ul o ul
+1.273e—-03 +5.2a0e—-04%
+1.167e-03 +4. 75 5e-04
+1.061e-03 +4.350e-04
+9.5459e-04 +3.915e-04
+5.4558e-04 +3 .45 0e-04
+7.427e—-04 +3.045e-04
+6.366e-04 +2 . 61 0e—-04
+5.305e-04 +2 .17 5e-04
+4.244e-04 +1.740e—-04
+3.183e-04 +1.5305e-04
+i.12de—-04 +5.700e—-05
+1.061e-04 +4.350e-05
+0. 00 0e+00 +0. 0o00e+00n
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U3onona 3KB-bIX HaNpAXeHUn B Banke ¢ TpaneuenparbHOM
HaTArom U oxnaxaeHm B neumn 0o 100 M 20°C

53, Mises 3, Mises
[Ave. Cric.: 75%) [Ave. Cric.: 75%)
+2.170e4+08 +1.795e+05
+1.5990e408 +1. 64 6e+05
+1.810e4+08 +1.43496e+05
+1. 629408 +1.346e+05
+1.44%=4+08 +1.197e+035
+1.268e4+08 +1.047e+05
+1.088e4+08 +53.978e+07
+S.076e+07 +7.452e+07
+7.272e407 +5. 98 7e4+07
+5.4682407 +4.491e4+07
+3. 6642407 +2.92624+07
+1.861=+4+07 +1. 500e4+07
+5. 6672405 +4.332e+04
Max +Z.170e+035 Max +1.795e+4+085
at elem 163 node 195 at elem 163 node 195
Min +5.667e+405 Min +4.332Ze+04
at elem 1974 node 2153 at elem 719 node 210
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ragvadlibhazi 42Cc(POopPpmMauinna JJICEVMCRTOB BalJikalC
TpaneuenaanbHbIM HaTAroM No atanam

U, U
+2.520e-03
+2.457e-03
s

u, Ul +Z . e

d +2.26Be-03
Y2.396=-03 ¥Z.205e-03
+2.350e-03 +Z.14ze-03
+Z.317e-03 +2.075e-03
+2.254e-03 +2.016e-03
+Z.150e-03 +1.953e-03
+Z.127e-03 +1.850e-03
+§'88§E‘8§ +1.827e-03
+2 . e—
Y1 e38--03 +1.7642-03
+1.875e-03 Max +2.520e-03
+1.811e-03
+1.74G=-03 at node 7

Max +2.5062-03 Min +1.7648-03

at node 560 at node 22

Min +1.748e-03

at node 400

baHOax nocne
Hazpeesa 00
t=300° C u
8bIOEPXXKU

+i.520e-03
+2.310e-03
+2.100e-03
+1.890e-03
+1.630e-03
+1.470e-03
+1.260e-03
+1.050e-03
+i.400e-04
+6.300e-04
+4.200e-04
+2.100e-04
+0. 000e+00

+2.520e-03
nade 7
+0.000e+00
naode 1

u,

i
+1.273e-03
+1.167e-03
+1.061e-03
49, 54%e-04
+5.458e-04
+7.427e-04
+6.3668-04
+5.305=-04
+4.244e-04
+3.183e-04
+2.122e-04
+1.061e-04
+0. 000e+00
+1.273e-03
node 252
+0.000e4+00
node 1

CosmecmHblIU
Hazpes u
oxnaxoeHue
do t=100°C
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JlepopMmanus Bajika B paidajJibHOM HANPaBJICHUU INMPHU MOJTHOM
OCThbIBaHMH (TpamenenaaJbHbIii 1 MapadoJn4YecKuii HATATH)

u, m
+5.238e-04
i
+4, e—
+3.5z52-04 U T ene-oa
_ o
+3.450e-04% +4.5472-04
+3.0560e-04 +4.155a-04
+2.619%9e-04 13 720e-04
+2.183e-04 +3.307e-04
+1.746e-04 +2.893e-04
+1.310e-04 +Z . 48 De-04
+5.731e-05 +2.087=-04
+4.365e-05 11-832eC
+0.000e+00 13-230e-01
Max +5.238e-04 ig.%%%elgg
. 2
at node 253 Max +4.960e-04
Min +0.000e+00 at node 274
at node 1 Min +0.000e+00
at node 1




THERMAL REFINING of ROLLING-MILL ROLLS




THERMAL REFINING of ROLLING - MILL ROLLS
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The solid-forged roll, D = 1600 mm,
induction heat treatment, temporary axial stresses, MPa,
inductor in the middle of roll, V=1.2 mm/min

n
0 80 160 240 320 400 430 560 640 7

A



The solid-forged rolls, D = 1600 mm, induction heat treatment,
temporary axial stresses , MPa, the end of the process,
inductor in the top (in the right on the slide)

200

Ll

400

200

A I 00 1000 1500 2000
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The solid-forged rolls, D = 1600 mm, induction heat treatment,
residual axial stresses
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HENPEPBIBHaANPaSHBRANGHATIV

3a nocnepaHuve roabi B 3A0 «HKM3» HakonneH
OONbLUOW ONbLIT NOCTABKA COBPEMEHHbIX MaLLWUH
HenpepbliBHOW pa3nueku ctanu. Havano 6uino
NONOXEeHO NYyTEM COBMECTHOINO W3roTOBNEHUA
obopynosaHua ¢ aectpunckon pupmon VAl ans
metkombunata EKO-Stahl, Nepmanuna, cdupmel
LTV Steel, CLLA u pna Hosonuneukoro MeTkom-
Bunarta.

BaXxHbiM 3TanoMm B pa3sBUTUK 3TOr0 HaNpaBneHus
aBnaetca noctaeka B 2002 r. copToBOW MaLLUWHbI
NUTbA 3aroToBoK AN EHakweBCKOro metsaBoaa
(EM3), B koTOpOX peanu3oBaHbl MHOroneTHue
pa3paboTtku cneynanuctos HKMS.

30



SCHEME OF CONTINUOUS CASTING MACHINE

Continuous casting

Control room
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feomeTpuyeckaa moaens pambl Kpuctannusartopa EM3

Omnopsr ypaBHOBeHJI/IBa/

DKCIEHTPUKOBBIN Bajl

Mexanusm HaTIHKEHUA

32



PacueTHas mogenb pambl C Harpy3kamum 1 3akpensieHuaMu

Ycuane ypaBHOBeIIMBAHUS

Py = 1800 kr

BbIHy:KI€eHHOE
nepeMelleHye MAaTyHa

Bec noaBMKHBIX
qacTren

Gp = 2000 kr

Yceuniaue HATSIKEHUSA

N =800 xr
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NMona HanpsXkeHUX B peccopax NPy NOBOPOTE LWaTyHa Ha 45 °,
Ycunue B peccopax 800 Kr.

82.4 Mrlla
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U3onona aechopmaumm B BepTUKaANLHOM HanpaBneHuu

T, Magnitude
+1.027e+01
+9.411e4+00
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SCHEME OF STELL SOLIDIFICATION IN MOULD
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STRESS ISOFIELD IN COOPER MOULD
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TEMPERATURE DISTRIBUTION ALONG CROOSSECTION
OF THE MOULD

Viewport: 4 ODE: c:/users/mic/abaqus/work/Mycasting.odb

NT11
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COOLING WATER —Temperature distribution

Viewport: 4 ODB: c:/users/mic/abagus/work/Mycasting.odb

-

MNT11

FLUX — Temperature distribution
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Viewport: 4  ODB: c:/users/mic/abaqus/work/Mycasting.odb

T s STELL — Temperature distribution
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ODE: Mycasting.odb LABAQUI/ Standard 6.2-1 Mon Apr 15 14:11:47 PRussian Davlight Time 2002
2

SJtep: Step-1

Increment 2: Step Time = 1.000
Primary Var: NT11

lncrement I Ltep T:L'me = 1.005
Primary Var: NT11
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Conclusions

1. Prepared are proposals for consideration
of the above-mentioned package as most
important for the calculation and
experimental service at factory and for
marking a system to achieve a through
corporate calculation solution.

2. A series of examples illustrated a high
efficiency of the software program
ABAQUS for solving the complicated non-
linear engineering problems.
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