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Analysis of Long-product Steel Rolling by Using Rigid-Plastic Finite Element Method
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Abstract

Three-dimensional steaty-state rigid-plastic FEM codes and pre-processing codes to create a reasonable
streamline as the initial conditions for analysis, have been developed, and a generalized analysis system for
long-product rolling has been constructed. The system can be applied to any cross sectional shape of
materials, any roll caliber geometry and any roll arrangement, making it possible to simulate almost all
rolling processes for long-product. As examples of the system’s application, rollings of hollow bloom and
angles, and widening rolling of H-beam have been analyzed.

1. #&

SMOEEN, ERTERTHY, SFELABRV I VERSE
WHENBZERs, HERNZEEVLSEETHD, FoITB%E
BRPSREORRYEBEL BB R ED T E T, £HMOEESME % 2
TRIRARECHKBRC L - TIThI T &0, LHE» DERHNLE
BREEL Z L ZEETH -,

T, SHTEBOREEREL - Blbciy, SRTHEEERES
HE(FEM) 2Bu i £MEECHRMBITONS & 512k b e
RUT > 7 V#® O ARSEORE, FEMOBRERD 7—
IR EB2HEFMDO Vv —2 5 v TROIF A/S— F v R
TADEE REBTbOI T3, EES L ZRTHEEFEMa—
FEBRL, v~ FUVEEY, HEMO 2 = N —4 )V FEEY OfEH
2{To T3,

SO FEIERENT B EIFRANCIT S o i3, FBNOBECN T,
PAENLEESNZ, 22C, AA7VELEI - F2ERL, B
HBOZRTHIEMEF EMa — F? L4t T, REEEOTAFITY R
FAERBE L, FRXTRIERY A7 L0OBE L, BEMOFE,
WS OHEE R UHBSOLIBEE WL TBFRER T,

il

2. FMEEDEINS AT L

2.1 BRYATLOHBE

BYRTAZ L BEEBFOFTNEE L CRT, ANLF—F 1,
HROABERR, o—VOBRRUVEETHD, Tho%x/87
A=FTANT 3, 7VNETR, BITCLELVERERR (B
FoED) RUEREGESEBTRESN S, BT T, EEk
HROBHEABCE T FE I L 5 EESEN -, BT
DL ERBROBESThN, HARE, 4, BHZEMNHES
N3, EFEROETE—BL 7Y « X M Fuwyd—2H
TITD. &2, YF S XOFEMBITHERPORICADANF—5
EERT223-FHELTEY, S AEECERLTLETH 5,
PTFCl, £YRT7TL08HTH5, HEHROBERK, RU
VISR OEEF BT DL T3,

2.2 FARHROMEIEHRE
BEBEMCLBLERAMRRET 201213, HEOKER
RERET 2LBEN D 5. EEBITTI, TORELLHEERKE,
BonlHERERS L CHEI R AR L BRRGC—2T
BLEND B, £ I B5H, —BICREZILTLI~ELEVWOT,

W BRMBARAR o AR EE 7w & AR
i
@ RNBRASE o ABMER EE T Ut AREER
EEHRE

O EABAREAR o ABMER HEARE

@ FWHARAR 0w ARWER EE7 0w AP
B2

O EANBREAE Lo ABMFRR ELE 79 AP
mRESr 1R

— 4 —



Bt A REREC & 5 RPEEDON

TR OFEEEEBIEL, BERFGEEET 2 TESLEL R 5,
B ORERVCIGRERR, OB RRUERZGEDOEERELK
ko TKRELERT B,

KV AT LAOFHGRECERREOBEERE? 2R 2 @R 7.0
BRAROEBIER 2 BT TiTbh 2, 5 1 EER, MHOoXHE
oo —n & O - EEBERET 5D ONRAETHY,
BT rRTRESEREKEOINRE TERIESNS,

(IMRE L EARGO T CE SN EES *HI L, HROSK

Bk B3R, O—ATRE BT 2,
(2)o —n & FEBEA & EE L 7B S u — VI RA L T BB E1,

Input data
O Sectional shape of material

before rolling
Q Profile of grooved rolls
O Assembly of rolls
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QO Assume profie of streamline
adequate for analysis
QO Decide initial B.C.
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— Deformation analysis —

O Analyze by rigid-plastic FEM
O Correct streamline profile
accoding to contact analysis
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Sectional shape of material after rolling
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Assume profile of streamline

[ Incorporate boundary conditions |
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| Analyze using rigid-plastic FEM |
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Integrate velocity vectors and
obtain streamline profile
g
Compare the streamline profile
with the roll profile

Correct boundary condition of surface
nodes and streamline profile
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Adjust position of first contact node back
and forth in rolling direction
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{Smooth free surface and internal nodes |

no - " "

—( Streamline profiles same as previous? )
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@ Assumed contact node
O Assumed free surface
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B Corrected contact node for next step
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\ Roll surface Roll surface

B Corrected contact node for next step
O Corrected free surface for next step
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direction
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Upper surface
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Constrained nodes
on imaginary tool
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Width direction
Imaginary tool on symmetric plane

X5 SEHEENEIFET I

— 2% —

ERLTCL /4B OB TN 2T o oo EET — VOISR
B EICEBEFER 0 O TIERRE L /e PEBORE LOHRH
NHREICET B, TOIRIE->T, HHAKLOTETAAOD
EEEMZ0 4D, REROL - THOESE2EE T2 Z L25T

%5,

BRETFNVOBESBRT 210D AF Y VEREDHE ,,
BRI RIZSTH ) N —TEROBEORE 21T > 2. BFTEME%
RIRUVR2IETET, RELH U N—DOBRERG RT, B
DEOWR (AflH2WRR7 5y ) LIBREEELEE,

3.1.2 BITHR

2SR DPIHIE R HI35mm DFFIC DV, FER LB 7V —A
OWEBROECOBTHRERUERER 2R 7 07T, PEHD
BRiEA» o BRCEL, 20%, QIES»6EE 2HHET 5,
ZOHRBETE, TN, PHOTHZERIIES MY 5, FE
FORERE S ELOBFTERRUERER 2K 8 wRT, H—0
EREAAME T, FEFOTHERSKEWEY, FEEREO
BOBEAE 2, WIThORETH, BIIBEREERER: &
{—ELTw3,

EEAOTEREEOEB I RIZT AV A—HBROBEER 92
R SEFNEToIEHETIE, AV NS—BREEELTYH,
TEEROERIIIT LA EELLE L,

FEF W hZRRE OB LI RET 2 EEF RS RIZT
# Y N =TSR ORE % R1012 R T 57T RIS TEERTTE L e
EEFAIGAED —N4 P ORREETCEA LR YD, PELSESE
LI BORIEERC %, ZOBECRIZTH VN —TBROEE
&,

FEH QPR REOBR ORI RE S BEFRGICRZT 4

] 1 PEMEECEBITSEG (RBRE OHE)

Initial dimension of bloom/mm 110%110

Initial diameter of hole/mm 15,25,35

Roll diameter/mm 350

Caliber geometry Flat
Reduction in height/% 40-
Peripheral speed of roll/m+min~! 1.0
Coefficient of friction 0.3(Lubrication of talc)
Yield stress/MPa c=0.182¢ %"

R 2 PEMEEOCRFEG (WY ANA—TEROEE)

Initial dimension of bloom/mm 220220
Initial diameter of hole/mm 30,50,70
Roll diameter/mm 700
Reduction in height/% 40
Peripheral speed of roll at width center/m+min~! 2.0
Coefficient of friction 0.3
Yield stress/MPa c=T72e%%¢ o1

Flat Typel Type?2 Type3
E BR] g 0
8 [ 7.7
142.5 — | 123 - 142.5 —
Type Flat 1 2 3
Profile of width center | Flat | Arc Arc | Flat
Constriction None | Weak | Firm | Weak
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Roll diameter at width center/mm 120(Upper)
130(Lower)
Peripheral speed of rolls at width center/m-min-! 4.0
Passline height/mm -5,0,5
Coefficient of friction 0.3
Yield stress/MPa o=82¢021¢ 013

Assumed initial contact area

<

A

Contact with lower roll

Contact with lower roll

Distribution of rolling pressure
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Initial dimension of H-beam/H X BX ty/t, 570x200%9.8/14.7
Roll diameter/mm 900

Cross angle/degree 0,5,10
Inclination angle/degree 5

Web height expansion/mm 30
Coefficient of friction 0.3

Yield stress/MPa o=150g0%1¢ 012

Cross angle a=10°
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Distance from web
thickness center {mm)
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200 350

Distance from web height center (mm)
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Rolling direction

Web height direction
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Web height direction Web height direction
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