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Optimal Size Control in Plate Rolling -

Kazuo OMATA, Hideo TSUKAMOTO, Yasuyuki NABA, and Akihiro TANARA

Synopsis:

This report describes plate thickness control and plate width control whose accuracy directly in-
fluences product yield. Concerning thickness control, it is necessary to increase the accuracy of gage-
meter model for absolute mode AGC (Automatic Gage Control). Therefore, the authors developed
a new roll bending model for operation. This model was obtained by correcting the solution of simply
supported beam with the quadratic function of plate width by considering work roll balance force.
Concerning width control, the authors developed a new method for calculating the thickness after
broadside rolling, which was based upon the slab volume calculated in actual slab weight without scale

losses in the reheating furnace,

These techniques greatly improved the accuracy of plate thickness and width. Consequently, ordered
product yield can constantly be maintained at a high level of 94.5% (C. C. slab).
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Fig. 1. Mill modulus curve at full face while the
rolls were turning at rolling speed.
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BeFarx, IAHETME v —AXVT 4 v IR
D—EHRKETRT. I VEITHECIIEERMEP ORI
WEFETHETHD, ~V OV IDHY, A7) . —0ifE
L&, a—LDREREDEBL, HP) TR AL
FAr —VRIBTHE>Y vFOBERE L+ A v —LFH
EBLoBEGRE X-Y va—-x (Fig. 1 2R) CREL
JEINAPVy FH—TFT LYY =7 v —ARREER IO
O R YT VSRR ELITRB TS, v =
_RYF 4 VBRI OB RN B, EAM I
FEXERF DWE S M %0 AR T iS5t -3 5 W 32 12 (LAt ER)
DB E LTHE P-fi(B,x) THET.

(4) »m—nEEFE-RETA(0()) : fERrm — LB
BRI, - EBROSEERCH T EERE
BYRETHERIVBETHAVEH DI, LiL
Z OFHRE e — 4 OB EOELEFT MRS
BigEAYEL B L, A VvSAVEFALLTH 0pmo
WBEYHRTAICRIBARSS. L TCEETFALTIRS
NBHECRE L 7 BELRE @Roev2KE, =,
UIREREIE) ¥AWT, e — A DR - BEY S,
¥V X TAAREBHR L. Tiebd (1) Kkkzy
—CxA—2BL r BEIFIDZEHELDEY, (2)
A CRTELBERICH G Lic e — L DERE - BESTS

HEHHEE 81 L 1LTw3, v—aAF w7 ;4 Ate—irh
ORI LTI R EFEL, 200mm & syl
LcEimE VT (3) RTRT e — LEERE - LR~ 7
b bl L LTRES Y, EREGrRRTE RS AL
LWHIEENR 2 P AR EMES S ARYBALTCVS. &K
<7 P VLTFEITE B KRB BEERCK LT B
BEhz Ty, Tl —VARERD I AFHEBCIZY
Wr—n259 vEEBLTA=v+71XEN%.
= (5cent,erv 0,0, R O’ 5edge: 0, ., 0) T . ( 2)
B =W.(D-(31—8) +81} -rrorrevieeenn(3)
D EH4GH
W:z4nzy) v 2=y, 7R
j A& NO.

v — VEERE - IR OHEE L, FEEWE, ETME,
EXFTOLMMEXA KB TH BH, ThBIZFEESC L 1
F Iy 2T TAH., Ry — 2 —x EFALIRERE
EOFHEE AT ELD, ¥—Ur—2eF LEEDN
£25 A -2 OB TH S Z &, I IVHBIEE
NEBERM O T 155 v £ & TR ER BT &b
5, FHECAECIREEYELSD. £ TYHRTIE,
WRZEHRM 2 m T L f—EFT st 5 & RIEE Y 1%
BLT, RFEFANEOT—2 €y F EDSEME 52 —
VF 2y PEBCE, EELT -2, bEXLT),
G REBHLTCe —VERE - RO T — 2 B T35,
23 HF=CA—-2ETIREERLE

WRID Y — P 4 — & EF Y, LI BRNI-L 5icr

— ARV T g v IIEMEEUAR T TOERECRE &
NICRHEX AT WS, LT TEFr -2 —2250
ILEERBELTAEHIOT, RO\BELHLTE
HERE LT —A_vT 4 VI/HERERCEB L.
v = AR VT g v HEERERRBOLEEICH LT
BAEW D, BRI SEr—o 4 —2FA
BiF B e —ABEFE - BRI, T B XARESNEY A
WT S o F V7 LTS, LA CEERENR—D
bR SR EET 5581,
HEH#ZI e — VEE - [ZRE L TRINIWRERE X
BEIhD., L LdhoilRENET 584,
B - BRCEBR IR OBRORBEET B r -1 <
VT o4 v FHEBREDN, BRIEOLREOKRORCEEL
BEBEYHLIes. EREECHE, BMER L LK
BLTe —ARERARSEL THE ELT 574D, i)
EOEBC L BT A OBENBREEE TS 2 5HE1
FEHEKEL, ZOX5TBEAIDL, Blir—n~v
T4 v IHEE T AORBERLEER OO TCUTIRENR
5.

B—_XF 4y

" — L

— 188 —



JZ 4R FE HE T 35 V) 5 5 ~F B 0 1 4

2445

2-3-1 m—ANvF,; v IIHEEROBRE

4 BEIER D v — VTSR BNT 3 RICEMEF ORI D
METHD, BHEERDDZEFELY. Lo
UL wonTb 20 BREHIL 3 RIEHTH 5
2, BHAECEME TER L 3KRITEERER S 125
OB ie. ZOkcd ¢ BFEEEO » — v ORHZE
Bz 2Tt Z i T { OBFEY 2fThh TEoh,
ZTDREA LI LFEPERET 2 X5
B EC LM BEARDOTWA. LA 2Tohb
DEFNEERCER LSS, BEEFERTEL Yy -2
B EBCOBERYNELTH LB, iy

= A—FETNAL LCHERT LRI, BRETALD

WHEETLA.

BAEDS, EESITr — AR v T v IHEERY B
T2 X DERETBZ L EL, BRI ESME
BB ARSI HFROMNE - ¥ CHREBREBEHI &
Bk SHIC ks T L.

2-3-2 RABRAFE

CDEOREBII IR ETT A IR ERERL, F0
MO 7 s Aadbe—nvy 4 v AEERYEET
BIENE bR Lh L OFEOKREE LT, #ik
MER X0 — VRFOE g ECREIE & ETI5TH
HHZ L, ERMEEZAE LREERECI G EEE
TORBNRTERNERD D, T2 TERBTIE, »—
nF a7 4 POERICIBIBTE 5 v — AV EBERIK, E
Bt SAFEEL (MAEsE®R3IAB I TilRe —
b2y vORENENC L, r—ARRFECIEN
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Table 1. Roll specification.

Work roll : 1130~1 230 mm¢ x 5 500 mm!
Back-up roll : 2400 mmd¢ x 5 400 mm!
Back-up roll chamfer : 0.5 mm/100 mm
Work roll balance force : 300 t/neck
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NRD BERFERT BT, 1130~1230mmg DD
FIVEAARER L. KR Ay 2T v T e—N2 5
VTAERERY 0L L.

(4) =4 7mx—2ATELSZ, EFALE FEHRE
BIERE 1: ] TrmEest.
TEEBRECKEVWTUL, K257y B LORDT —7
B 5 Y vEOSDT, HEiE 3500mm, 5000
mm OfffE 0.2~0.4mm O Sy VOV —27 v —)b
THEEL, 7—2r—nA2539vDIRZ ST vExkT5
HEEYHER LI, . S
2.3.3 #EE®

(1) m—nRv5, v EER

ERET — 2 HBNIERBERZ 57 vOBRMRTRT &
Fig. 2 0 X 512ie% . £ OBRIZIAIE S X OMEMER T
RIERHEERL S T h 52, BREFMER CIRIEHEFE
BEAFLT WS, LA TEEEF e LCIERST
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Measured plate crown=hc—he

hec : Measured center thickness

he > Measured thickness at the position 100mm
from. edge of plate S

0.5¢

Measured plate crown (mm)

05 K T3

Rolling force /Plate width (ton/mm)

Fig. 2. Relationship between roll force/plate
width and measured plate crown.
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Roll bending Work roll Chamfer
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Bending Load
model  |SUPPOrH] Gistribution |Bending Shear force
deformation | deformation ton/neck

Measured value 300 100 0.5 ‘I:ll:lczwed

*

L} ]

(mm)

1S Free | Uniformly
f&g:gud distributed O
beam load

Fixed —_—

100 0.5
800 Calculated

500 0s |l

O

O|v

» > ]efo]»

100 2.5

o
o
T

(rolling force/plate width (ton/mm) =1)

. " 2000 3000 4000 5000
<
<>/ Plate width (mm)

/ Fig. 4. Influence of back-up roll chamfer.
« o/o
0 bss O/’ " N 1 " :""fk roll Chamfer
2000 3000 4000 5000 e e e s
Plate width (mm) 300 100 05 |Measured
Fig. 3. Relationship between plate width and
coefficient of roll bending.

Plate crown
=)
)

Coefficient of roll bending (@m/, ., /1m)

[

300 100 6.5
Calculated

value

600
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CF ey V7 yEOHEME EDICEREBIBT LEZ? 5 ¥
YHREAT S, L LS LYMERTEF 4, v7 >0
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0.5}

Plate crown (rolling force /plate width (ton/mm)=1) (mm)

B HHEOLEDOLDTHA. LI DoTr - AEHB 2000 3000 4000 5000
BB WTF+ V7 »BBEEELEL otz LT, | Plate width (mm)
75 v vEO EENY Fig. 4 5 6EK 30 um BETH Fig. 5. Influence of work roll balance force.
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Tk, BKIOUV—s e -5 vAENOBERYTHIT
Tz OEHEYRMETAZ Lt l ), EfeT L
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. £ THRSIRER (BHEWm) Bo~SvF 4 v 7 RE
LEFR VT 4 v I RE O RERIE OB CRBE L.
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KB=f(B) KB,

18 a1 25)

B
* 22 71000

y (B<4 200)
=a3—l—a4(

( B
* %\ 71000

1000)

)2 (B>4200)

KB : EEBEOXvF 4 v 7HR¥E (mm/t/mm)
KB, : Wy RR (HHW) B ksXvi
v 74# (mm/t/mm)
B : {5 (mm)
ag~as : FREL
(4) KEACCHE LRy vORBE Y =T &
Fig. 7 o X 5wich, SHEMITERMBE L I vwmn s h
T BT &M boh 5.
HERIGR LA L5, YPeRts 7 —2 e —1.35
VAT RO ER I vE B LT EBLIRTZhTE

o
N

B =3600mm
P =2000=100teon

o
—

B=5100mm
P =23000 100ton

Measured plate crown (mm)

=]
T
(o]

—=0.1

0 01 0.2 0.3 0.4
"Work roll crown corresponding
to plate width(mm)

Fig. 6. Influence of work roll crowh. -

0.5¢ o
0.3k
0.8F °

0.2 .
.

Measured plate crown (mm)
Co
o

% ® | Work roll without crown

o O | Work roll with crown

L , . R L " 1
—0.1 0 0.1 0.2 0.3 0.4 0.5
Calcurated plate crown (mm)

Fig. 7. Comparison between plate crown
calculated with new roll bending model and
measured plate crown.
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3600 mm, 5100mm k& T HHATH, FOBEGRITRA
e —1/3 oEEoEBRTCTEETE . .Fig. 6 kxiJ5
ZEIERZ, FA—FEESEECH L TEDROREL DY
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) ~{l—sm<——5~ﬁ—-—2->}
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FRRA (5) OKiEY Fig. 7 wind.Fig. 7 i
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T = — A B ER LS OEREC KT AR
779 FERE, (5) RDX 5% —kEED BTHH
RENE LN L E X 5.
2.4 &8
F—OA—RET VAR ANV T v S HEEROR
ERE¥ED, ROBEEEET.
(1) BRIEOATEETV, SHHREC I S HHE

ZHE (Bl MEREO 2ABECHETAZ L
Iy, BEEFLL LT HOKBEDr —A v T4 vV
THEER T B

(2) BRERZT—2a—135 Y RPOLEENZ LD
FTHIWD, rYr—vr—2x T AEERBELEY -7
— NS T VAENOEENEETHS.

(3) SEHEMEMSMTE, v—2r—127Y vOR
770 YOFEY, BURBEHTEY -2 a—n2
FUEDVZIDBRI Y YRBABRERD L TE
b TE 1.

Db RBCHEHRALIER, ¥y—ox—2 7108
EEF 157 8 & h, BUEOWERE L Table 2 @
AT L5 0=69 pmEERNRE (8 51 EEHRSEIE
HFREL D) DKERHMEHREL T2,

3. WEHEDM.E

31 EHRBOEE
BREHECEHE 52 5RTF L LT, Table 3 iR
T IO FHEBREBER LEEY S 5. U CIREEN
TRED L IREHIEE T 5 e, SEFEHBRCH LT
i}, BORMOERLE (RIRFL, ERELR 2RI
T EHELM DREF B AT L, FcER L. —
FitEH URBEED\WTid, BB O A 5 7k &
TEHS UEEEBIIA B 5Tl L 7c MRS BV e i E D X
WIEHLEF R BERL, REKEZXEC WEXe
fo. AETRREHEO > bigH LEECOWT, EBH
L FAiiili~N%.

Table 2. Accuracy of plate thickness (1 ¢ : pm), n=738
Plate width (mm)
\ ~2050 | 2051~2850 | 2851~3650 | 3651~4450 | 4451~.5 500 Total
Plate thickness(mm)
~ 7.9 65 64 69 70 — 65
8.0 ~ 10.0 79 73 69 73 75 73
Total 72 - 68 69 73 75 69

Table 3. Factors for accuracy of plate width.

Factors

Techniques for improvement

Accuracy of
plate width

Accuracy of broadside
rolling

Broadside rolling model

Calculating the thickness after broadside
. rolling which is based on the slab volume
calculated in actual slab weight

N ling

| Accuracy of the thick-
ness after broadside rol-

Applying absolute mode AGC

' Plane view pattern
control

Plane view pattern

Applying optimal sizing rolling
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32 BHLETL

3:2:1 (EHIUERE
AHAEERY A\ EREROBEL, A5 7%
FHEE, EHUMEELKEL DR LLE (Zhi il
BEEL5),90° fRE LCHED BERIEC /.2 ¥C
M UEIER 1TV, X i 90° iEE LT EFEE XA
BOR—RITH D, YT, ERFEFE (Zhi
TCTEE W, 25 7 DiEH % FEEM Ligc 35 FE
FETHSH. ) OMCEE L (EEALIE/ 25 718)
DHHEEEEBL 5BEE, A5 7OEFH A% FIE
EEFREC T2 I EE VO FEESERXRA LT 5,
SOICHEEFIECFEC I NFH4BEOBH L 2 — v
¥HLTw%. (Fig. 8 2R)

3-2-2 fERDEHLEF L LRAES

TEROMEH Ue 7 42, I8 UREEBIIE I O AR E
PRHR SR EFIE (F5E) X, BEEHLET
BakdD T (6) RA—RHTH DI, = 2 THE
REFEEHEOREHIFL, FobblE L XETEHA
R LEATROTEETS.

Byxt

EBHLETE (H) =—F— 7R (6)

B, : B UEIERIARE OB it A 5 iR

¢ iEH U FEREBRIA R DML E

Wier : fett BV iR
(6) RART LR L TTEHD FHKEE, B,
BLO t ORBECRIEL TE D, Be, t OHEERBER LA
B LEESEOETH S . B k0T, B Eo
ATRIBORMRESEATE W IEEHRELTEETHS. L

Lt oWERBEDOR U TOEHR CHETHS.

— AR U FEREBBIA R S 1 B MR R IR s
Wic®d, A7 - O (S RAABEORETRLE
) oHERCEDLEENAE L, FEREEEOR
B eF DI, o E 2 WIEH UFEERAR: 0
WM EHE 150 mm o FIGHREREE 5 150 pm(s=0.1
%) THY, BRERERBOEERE (Table 2818)
R BESHETIIE D0 By (2 2 C EERESE &1

‘/0?+0§+<§‘03>2“C“%6. oy WEWRELEE), o, K

HIREZEE), os: K2 50 v&H). Lich>T ¢t o
ERE (0) 20.1% LTFTeHET S L8 LL, B
ROETERNE, FEEFRCH T, (6)XDLd5kt%
AWICiEH LETETFRlE F Ao, B UBEOKIE
IR TH .
COLSRERDDE, EELIXtZRHGRWIEEL
=T ADEFE L, Bo OREE OHE Y HEDd .
3.3 WEHLETL
BHLETEEHCLE 72 —2L 1T, BHL
FEREBEIAR DM EIE () HEREE (0=0.1%) LIt
BEYEBTE5BHC OV THRH LBE, EREE
DHITEBTEH LA S 7ORFRBEEEE L. 37

1 10kg
A S S =] P SN S i - SN
LEEDORBWAS TREEBEEE (a— 3 X 10 000kg x 100

=0%%)ﬁ&~x®Mﬁﬁmm%X7f¢ﬁ%%b

o (T)RCRTHEH Le 7 L2 Ba% L7 (Table 4 %
) .

Example, Straight rolling 1

90° Turn

Bln Lin Wref 7
@éq——j g'@ Product

Slab Plate

t T 1

Broadside
rolling

9() Turn
Wref

/

Finishing
rolling

Cross rolling 1 Straight rolling 1 Straight rolling 2 Cross rolling 2

Hj, : Slab thickness
Byy : Slab width
L;, : Slab length

¢ : Plate thickness after sizing rolling

By : Plate length after sizing rolling

8, : Plate width after sizing rolling

H : Predicted plate thickness after broadside rolling
Wiee : Aimed plate width

Fig. 8. Various method of broadside rolling.
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Table 4. Comparison between new broadside rolling model and previous one
in the case of straight rolling

H.S.B. : : : :
Side guide ! i Mill side guide ! ¢ Mill side gunde :
\ : R ;i : :
- E} Rolling f:) [t E) Rolling E) - r:) Rolling
— ,—————\
3 Turn
©
& : Measuring t : :
@ Measuring B, ! Sizing rolling : Broadside rollingg Turn Finishing rolling
2 ' : H :
> tXBa
S H = [wref |
—_ Turn
§ : : : :
i Sizing rolling Measuring B: i Broadside rolling | Turn E‘Finishing rolling
> N 7 : : :
= H= Bxx?dvref
B, : Slab width measured by side guide
B, : Mean plate width measured by side guide
¢ : Calculated plate thickness after sizing rolling
H : Predicted plate thickness after broadside rolling
Vol. : Slab volume calculated in actual slab weight without scale
losses in the reheating furnace
Wier : Aimed plate width
n o=fo (LR
c«‘mmms o BRI GREL
. Reheaating time L 5~7hr
2. Reheating temperature : 1200°C a=fa (Z 7 7'§%Kﬁﬁ;y E%ﬁﬁ:ﬁaﬁ: ﬂﬂ#!iﬂ&)
3. Steel : Randem
- . <Hy, Ar—rerZERALERLL
% ‘. ':'- 7= (Fig. 9 ).
% 50 ¢ ’. . (2) gtk kiR (Wrer)
- Rt LR RET 5 £ T, EEROBRTRES
T BB LENL S, —RENCIER AL, B LEEX
. X AR OTI Y, UTFOX 5 mBIBEELS.
L , , B = e (B AETE, EMIKR)?Y
1
Slab surface area (m) “ Xﬁmgtﬁ LE 7—-”’—6&1: Z OEE)B %ﬁﬁk—ﬁﬁ LT\‘&HT
Fig. 9. Scale losses in the reheating furnace. thETEE AT 2.
(3) FHEHEHE (B)
Vol. B LS TEYERT 2 enil, RYBY¥EBLL
B LTI (H) =g (7)
ref X EHEHERSBETH S, COTEHREYE kL

Vol.: 25 7 EFEE X W EH L-EFHhH
Bo A7 7HEK
Weet = $878 0 LR
B, : i@ L EERRAR O T M FHE
LT 5 2 — g EDOWTHEFHBT 5.
(1) A7 7@EH (Vol.)

w
xai¢ﬁ=ax?

W: 25 7EBER
o BYOEELERBLICEE

LT, KBty AGEETSREEYRDLITEL,
H4 FHA FCHERIEIER, 74 FEEIR, #E
RSB CHIET S HEhh s, YT, $AFFAVF
DIHASEY B ERETAI L L, MBOHERTEY
Rt 823Z &CTHRHALE.
3.4 F&H

FEHLEFAE, RTOoORYFEELTWS.

(1) BIRTEMLLEREA7 7EREREZ N
—AIEBFIC KT B Ay — A r AXERLUTHE L
A5 7HEY AV, BHLSETEYXEHT 5.
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(2) BWFHAKELX BT ¥4 Ky 4 Yo JIEE
%, REBHEETATHEL, ZhEEEHEEE L
THEH LETEBEHRTERN LT 5,

AEFLO REHRC LD, RIEKEIL ¢=13 mm
ERBCIE S FRTIBH LA 1.6 §iigo § oIz,
o=8mm LIHICRVHEETHE), 4 0.5% 05y
h A EEE L.

4. ¥ 5

AN TRRTCEF — A — 2 2 FAOBERL L5
B L F A OBRC L b, KiEHEBEORENE

Hah, BR&E4y AOEHE Y (ESHNR) 1F

¥ 94.5% L\ 5 B KECHER LT\ 5.
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