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User-friendly 3D FEM Simulation System for Bar and Wire Rod Rolling Processes
Jun Y ANAGIMOTO, Manabu K1ucHI1, Hideyuki MiYAZAwA and Motoo ASAKAWA

Synopsis

: A new user-friendly three-dimensional simulation system for bar and wire rod rolling processes has been developed. A graphical user inter-

face specially designed for rolling engineers is coupled with strategic FE simulator for rolling process CORMILL. This simulation system

enables them to make accurate prediction of load and deformation characteristics of bars and wires under rolling. The effects of roll profiles

as well as cross-sectional temperature distributions to width spreads are validated by comparing numerical results obtained by this system

and experimental measurement. After four years’ developing project organized by IS1J, this system is now being installed in bar and wire rod

rolling industries. A new R&D activities in bar and wire rod rolling will be promoted as the developed system can be easily operated by

rolling engineer without special knowledge for non-linear FEM.
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1. ¥E

Ve - SRR LERE O #E R I (3R L 3 R ETE AV
U %728, ¥ISMITEICED < S0 2 RITHG CWRIA A
DROERMBERESREIZN, BT, ARt
EEMNCEBREIINHETH S, ERIOFHFHIZEN
Tid, BRY, ABEY IZL2EAN DR - BREFFERXLE
MRENFHENTERY, REZHFRCT - LEREED TS
Ot Z2&MOREIL, £ DA, —EBEMIEME OB
HI, ER0fE, E8X, BHHEXEHOTOWIRIICS -
7oo 1990FERMNEK DB SN, EEMIO 3R
FEMMM > 2 7 LA OB IZBET AR IE, 32 —4
DRBELFEELE-T, B - BWNFHEOBIHIZKE LR
BEeE FTF<CHy, FEML S v+ 235 - JLAIREHI BT
AEBLEY-LELTEBIhODDOH 5, BHE, EEMT
% 3RICFEMBEN§ 3125 72> CTORMBEIITITE
lREh Tk, REERGTONHPED LN DDH S,
BESR M EHE D FEM M I, PESRFEMEREER o0 i F 23 (R i T
HolZDHFEIZB T, BEMiEili# A L= [BR
FEREREMAMT AT & LT, 5%, EE7 ot 236 - 1L
BRI RE LS FEE T2 I LaHiFEIh T3,

FERE# X% & L 72 FEMFTHeiiid, fthod 575D FEM ¢
Mrefek, 1) a2 7 ARBERANER L TV 5 Hf
BERBEOZDOY -, L LTORRIZHBED, 2)
v 27T LBRBEEUNOEMEME LR T 9 AR ED -0

ISHATESY =L, EOus2BBEICEEE > T3, &
ZAW, BEMEED T THRE > T3 ETHEBEEEK,
PORSCE - MERIEE SR S EICBHERT I AR L 2
[REEBIEBITHENT ] WEAL 2720103, KDEAZ
BRE, Tuabb, 3) LHEEHRZA 2y 7 8B EWTH
WO LHREBOPICFIATEZ S B8] DT E2Y -0,
ELUTEfEh, FEEBBIAS EETAZE0nEEh
T3, LaLaRE, 3RITLAEEMEZ D H 5 R
Has, FET v 2O FEMBITIZ, BELENEF
#Th 5 IEHIARERE (Non-linear FEM) #F[H L Z& T
hEko$, 20420, EEMNTO3XICFEMBENT & X
T LDEL T, FEOHMEASE - EBIZZOBRELO
FREBE/BLEVRRICH B, EEERBORME
FEMMths 27 4% [BE] #FHTINT L HED
EBITEI VD LT B-0I23, FEMBEIFY 257 4
FRET 2 L TOHEMMEBNPBR L, BIRADBOERE
BB ARMT 5 Z L ARTARTH B,

ARTiZ, BB THHTE S FEMBH Y 27 4% B8
L, FR7EE LD AERICh>THEBHL - [H#H -5
MIEIE 3 RITCFEMBH & X 7 4 DOBR ] e (BA#%
M) ICKDRAB I, [THBH - BHBHMEL 3 RICFEM
BT 2T 4] IZ2DOWTHET S, £/2, HELEV AT
LDBIBHNC & 2 ZYMORE B LUK 0 EFEE DR
B HBEILODOTOERETS,

TR 12 A8 B R PR 1244 A 3 HR2 B (Received on Dec. 8, 1999; Accepted on Apr. 3, 2000)
% R KA BERIATIFZEAT (Institute of Industrial Science, The University of Tokyo, 7-22-1 Roppongi Minato-ku Tokyo 106-8558)
* 2 FRHASEKFBEH T 7 (Graduate School of Science & Engineering, Waseda University)

* 3 FREHAZIE T#E8 (School of Science & Engineering, Waseda University)

22



2, - BHMEZEIRTFEMBEIR Y AT LD
35

2.1 &2 €7

BIE, BELOHIRKHFEM 2 — FATHIRIhTH D,
T2OLEH ABEORIRICHH I T3, FICEHNE
REICESEHE T — Ficid, 1) EHERB2EY, 2) X
HEEFLOMBMISEL T3S, 3) #ARE B IZR
W, 4) BBRETH B -DPCRARIC X 2 EEILAED,
REOBEALYD, BEMTAE-308 L LB X
T LaMnHiR &, RSB 5B T O A BRI
BheohThs, HI- NI, S5 EEREY,
{17 Graphical User Interface % fif X T2 5, & EDF#
M BRME, ZEEEMIAOBERIZBRET3RDIZEN
T3, BENTHENE - IRE Ko THEEE N -F
ICHAREERE S L IRT WS, 07D
# - WEESHREL-2— FEFIHL ZSHE 2@ O
B EE WA, THh 603 — Fid—fi%lZ FORTRAN F0D
5T AANERBELBETIONNEE L S0 5 LFE
ickha-FqovranhTsh, 7Y - KX T LZID
BEBEIREBH TH D, 7Y - KR T ot 20BMESE
DELELY, B#EEI»» 282 ELET 520, #1F
FZIRBITREROBEE + 203 LTty , BIEMDOE
N7V 2T LR BIRT 2EAPBNZ LIZTBOLEVWEET
b5, Tabsd, BEMTHENE - TEEFERBL -8
BRI - FOERREHA TS REAERIT, Y274
DFENZ X THBELES> I &MNTE S,

- T, ENICTEEMTEMNE - TREECIDEEL
BB IR TOAI3EEMILFEM@EN 2 — Fik, 7Y - KX
PO ZOBRERKEAALEESZEIZKD, FEM &
WOHBNENEMEOFHAEZTEL T2 & 5 SHRBRH
Hohtidhidashw, $hbbEEEANREL L
FEM f@#rfEti a2 — F (Bl x 1€ CORMILL) &, 7V - &K
Z b7 uk R EFEESMFICH L TH R X274 XU Graph-
ical User Interface (BLF, BIZGUIEFRT3) & L TH{H
FTB3Zeizky, TBHEHZ Z v 7 RBBO ARG 2R
2:%0hT, BOAHICKDEETES X274 LTH
BEXh2ThELE S a0, FVIZLTREEMIOEGE,
EHRETOEMRNSE-EBIRARL L5720, IEE
HWEEARNRE LI — F R LT, MmN
#H - -MEHFCIVAREATE-ERRNFEMBEN I —
Fik, Bk, SPERRRE - S EEEOmE TRAIZZ-
TWw3, # - 7T, Userfriendly 2 FEEENM T FEM f##fr & X 7
LBRDEBEHRIIFL, TOREV AT LE35B%ETEIH
U< &5 TERREEER, MEERICIE X ZEERRFRTRED
BT, HBY-NLE L TBAICHHEIN T Z L1
RT3,

UEDZ e aFEEZDOD, #EAFBRICFIHTE 2HR

23

R8-SR IEHE 3 RITFEM T & 2 7 A D%

Fig. 1. Structure of user-friendly 3D FEM simulation sys-
tem for bar and wire rod rolling processes.
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Fig. 2. Block diagram of data management and analysis.
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Fig. 6. Template for roll profile.
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Fig. 7. Main window of output data viewer.
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Fig. 8. Three-dimensional distributions of rolling pressure.

Fig. 9. Main window of management program of data set.
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Table 1. Input data for calculated spread ratio under vari-
ous grooves.

Roll diameter /mm 100
Initial stock size / mm ¢ 14,0014
Rolling speed /rmpm 50
Front & Back tensions /MPa 0
Friction coefficient x 030, 0.32, 035
Mesh system Nx-Ny-Nz=6-6-14

1050
Misaka’s formula
T =104.18°% 4"

Stock temperature / °C
Flow stress /MPa
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Fig. 10. Comparison of spread ratio Ab/b between experi-
mental and calculated values.

Table 2. Input data for calculated spread ratio considering
temperature distribution.

Rolling type Round - Oval
Roll diameter /mm 104
Initial bar diameter /mm 11.6
True reduction /% 222
Rolling speed /rpm 70
Front & Back tensions /MPa 0
Friction coefficient u 0.30
Mesh system Nx-Ny-Nz=6-6-14
Stock temperature T /C Surface 1000, 900, 800
Inner 1000
Flow stress /MPa Misaka’s formula
(7 - 104 . 1670.21 ETO.IJ
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Fig. 11. Relationship between spread ratio and cross-sec-
tional temperature distribution.
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Fig. 12. Change in spread ratio with the elevated tempera-
ture which is uniform in cross-section.
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