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Development of On-line Temperature Prediction
Model for Plate Rolling

I. S, Suh, C, S, Lee, S, D, Choo and W, Y, Choo
Plate, Rod & Welding Res, Group, POSCO

Abstract

Temperature prediction model was developed for on-line application to plate rolling mills of POSCO. The
adequate boundary conditions of heat transfer coefficients were obtained by comparing the predicted temperature
with the measured temperatures taken by measuring system in plate rolling mill of POSCO. In obtaining the
boundary condition which minimize the mean and standard deviation of the difference between prediction and
measurement, orthogonal array for experimental design was used to reduce the calculation time of large data set. To
predict the temperature drop at four edge of plate in one dimensional model. the energy change by heat transfer
through directions perpendicular to thickness direction was treated like that by deformation. And the heat transfer
through four edge directions was inferred from that through thickness direction with two coefficients of depth and
severity of temperature drop at the edge. The boundary condition for the depth and severity of temperature drop

were also determined using the measured temperature.
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AA do. WA 2xdZ 2l scale A EDS coupling 2N scaledl] 9T J&ge
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Q1 23 3¥¢ 289l Bdo] iz, F=FHH version-upE A 2F @ ozl mdal 3
I oxEgl Bdo] vt =3 9=99 graphic 715 S EFsln Qon AAdsudsy ¥
e 2, 3 F® ozl 424 2do| ot}

Zrzbel i Rde AAie F3de AR A4B R datas) B2AE YEHbE:s 1/02 F
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AA FEEES A YA VY R EEZA starttc, tempcalc, tempfdm2, thermalp,
mymath7} glow 2d F2A42 YHAP 34 datad o489 node £, 2%x73}, event &
o, Zt event§ Y|A2AITD FELE BY, d¥UYAA FA L d¥YA A9 §E FE= g5

Table 1. Module structure of temperature prediction model.

#2 Plate Mill #3 Plate Mill
Category - - -
on—line off-line on—line off-line
Module specific pmmtmp tmpoff modZOQ m2000§f
to model tmponio tmpofio m200onio mZOOqflo
slbofio2p slbofio3p
Module specific tmpio m200io0
to Mill pilac m200meas
tmpcomio
starttc
tempcalc
Common Module tempfdm2
thermalp
mymath
(tmpofcomio : common module of off-line)
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olo] BHE YAYJFELS X Ut 2F Y pilac LEL 2 @ 39 sl&YzAdv)o
gt FYZLE AdF5357] 943 event TFAT WAILZA SHAIH U 53 eventE FAIE=
v 3 3¢9 m200meas LEE 3 FHe &4 event TAHEE BEEL X ¥t QU

NARAEY] AFEELS 7 X490 main §5E TS ZE(pmmtmp, tmpoff, mod200, m2
000ff)EH FAato] ¥ e=elela} 219l atold oM dexle data YEFH T4 ¢
3t Y. 7

=44 2do Aede 2, 3 ¥ 233 2do] X-window/Motif& ol 83t ANAA
AA, ¥4 data 48 Y AE, AN FHEARESN AFEAEY 28 AP EE A9 5+
T 9%y 9L A¥ste ZEEH AMdAAY £AHAE graphiceE ¥ F Y+ graphic
ZEES Xsta .

3. €T FAZU =&

3.1 AAZ A AAETR 2% A
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AGAS 2 2HE dAGATI F7EEE dELEes AY AMAHoE Yolxjam gJon oS

Table 2. Summray of previously reported boundary conditions.

Boundary condition Min. value Max. value | Typical value
Emissivity (E) 0.6 0.95 0.8
Heat transfer Air (A) 4 49 13
coefficient Roll contact (R) 4,800 70,000 10,000
(W/m) Descaling (D) 1,000 10,000 2,000
Atmosphere temp., (TC) -30 40 20
Temp. of roll (C) 10 30 20
Temp. of descaling water C 40 100 60
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Fig. 1 Variation of predicted temperature with boundary condition. (a) emissivity (b)
heat transfer coefficient (HTC) by air (c) HTC by descaling water (d) HIC by
roll contact

X g Fgo] T2 ¢ & U, W, dAALdLFo) Y AL AsY FEgLe FRF
Aol wet & AolE oy ol Zwo]| welA] descaling WY H A57t thE2y] wRoldg, uw
ZA dEAEE Fol7] HalAME olE 4 JHA FAARJAEEL dE2dd FFEA 2A g3
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o} @ data setd] AAAZFo] o] A8 HE S BAY BAHE Ydof AL 4A #
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ANOVA(analysis of variance)(7)E ol&lg Exlel s]do] HYT FAH EAgoeldtd. BAH
BEAo 7]E/AYL WE(variation)d ¥E&oln] &, z} FAZHY Wstd oA S5 de
g SAH (S AE5g-dEge Had 1 FEHUAAE)7 o2A vaEHEAE E43s
Rolth, ANOVA BEFAMNE @AY H$9 Bol Ay FARAP Alolg BEaA4 anrst 2X
gomA ma oty QAo 71 4 7Y ASE Table 3o Jebd A3 e 19 AR AHAE
o] 85t @A 9 Mo AL FHFogM 4 71A] AAZAN T HMEL FE 5 UG,

olgig L9 ANABAE o847 EARHAME 2z ARl FE£L dvlE dorstEA 7t il $-
a3y, AA WAbgo] 0.8 olga Y of, PAESY F£FEE 0.3, 0.4, 0.52 HFAI=
AL ARE A, F dE ZFAzAd duiA 433 exFd AHE €& Aok, wEhA 4
1A AAzAY AFH ¢ o AR g3 d= A L9 AuHAFAY 7t 5 @&
WA E Fo] AAl FAxzd ZAY @& A €& F A

Fig. 2ol= 500ule] Zsto]l otigh POSCO 3% F4el SP2 AR HEA 25 £ X9 o&x9
AAE £AEAY. ol dELEE Table 29] AAZY Ao Ho U9 FAUE 0] 4319
A daold, Asdn, oEF2xrt A2z v#A o 80T AE F& gL BEY. 9
L9 AnFAEA zt QAY £FE AAY o, £F 2§ T Hud g FU H=d 2
29 dE257 u¢ B2 FYeM BEASA oA F2 ARE JUE F QA 2& 99|
ghe},

L9 ZAmFEAlel zt Aol g HAH® FEHNE A3 HA ) d85 F FPG B
Aete FPAA 25 ZAslEg EAgozA AEd FYOF dAGATE NFHdez 4
Astna &gk, 3Fwge A 497 Ik 4im A AHSP2)H 113m A H(SP3)Sl A sacnning
pyprometer& ©]&5te] o] o) U 2L E FAGNER F AFY EAHLE FiFE 7E€
ot} #ALgH FHYF dALASLE AFANEAAN F AP Alole] 2x AsFE ALEA &
A 7}ysteka vAEAE d3t, dAE 0.8% FIHF dALAS sW/mKlA & FEEs &
A 7hstegFo] wiwAd & JXEFA(Fig. 3).

100 200
#8 P/M (SP2-Top)
100 §
& 180 |
a
gn F
g 4
«@
— &0} j 100 I
5 g
8 e
ot g
8 =}
GD =
0 . e . 0 — . .
g0 60 M &0 90 10w 1O 0 50 100 150 200
Meas. Terrp. Meas. Terrp. (SP2-8P3)

Fig. 2 Measured vs. calculated temperature Fig. 3 Measured vs. calculated temperature
for condition of E=0.78, A=26, D=5,500 and drop between SP2 and SP3 for condtion of E
R=37,000. =0.8, A=8, D=2,000 and R=15,000.
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Fig. 4 Variation of average difference between measured and calculated temperature
with heat transfer coefficient for condition of E=0.8, A=8, R=37,000 for (a) and D
= 5,500 for (b).
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AGAFD)Y roll contact @AEGAF(a)E T FHael 5,5005 37,0008/mKe2 A g
Adoltt, F@oAM Bug A HHdAM dEFe=Es FAHLERY $28 ¢ F Jov, 19 FAu
AHA9 F& 29 #ng FAdd Rzud HWHe F3agEd A&t #§e @ F U
Descaling® E3%FH dAGA T U £F 29 #& 49 Fhgtoezey FAd49 Hdig
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wKZ 3},

ol AT #Z& AduiAA AnzRE L9 AnARAL AMNZEAEL HASH o Table 30 et
WAk, POSCO 3F oAl AJAkgE 200079} ®o g BB EE Table 39 A= 9719 AAR
A groupol WA AASIATE.

Table 3. Orthogonal array L9 for temperature prediction.

Calculation . HTC by HTC by HTC by
No. Emissivity air descaling | Roll contact Remark
L1 1 1 1 1 Emissivity
level 1 : 0.7
L2 1 2 2 2 level 2 : 0.8
level 3 : 0.9
L3 1 3 3 3 HTC by air
level 1 : 4
L4 2 ! 2 3 level 2 : 8
L5 9 2 3 1 level 3 : 12
HTC by descaling
L6 2 3 1 2 level 1 : 1,000
level 2 : 2,000
L7 3 1 3 2 level 3 : 3,000
HTC by roll contact
L8 3 2 1 3 level 1 : 5,000
level 2 : 13,000
L9 3 3 2 1 level 3 @ 21,000
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Fig. 5 Variation of JTmas-sic (a) and standard deviation (b) of JTeess-csicl with level
of boundary condition.
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Fig. 6 Relation of 4T and standard deviation
for each boundary condition.
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Table 4. Result of SPSS analysis on 500
some calculation condtion. #3P/M (SP3_Top) Ave=0.7C
400 |- s
1 Std=15.7C
Condition of Level| JTwess-calc [Std of AT a0 b o
2122 1.5 15.5 g
2 200
2321 -0.2 16.8
100
1233 2.1 16.6
P P
1121 --32.0 14.4 REFS PR PO O R PP DS P
3333 49.8 19.0 4T (meas-calc)

Fig. 7 Histogram on the difference of measuféd
and calculated temperatures (#3 P/M SP3).
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f(x) = Co+ Cixx + Coxx? + Coxx® + Caxx? [1]
£1(x) = C1 +2#Coxx + 3*Caxx? + 4+Cax® (2]
£"(x) = 2%Cz + 6%Caxx +12#Coxx? (3]
f(x) = f(-x) [4]
£"(0) =0 [5]
f(x) = Co + Coxx! (6]
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Fig. 8 Temperature profiles measured and calculated with various calculating
conditions through width direction at SP3 in POSCO #3 P/M.
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1) 71 /A off-line 2=cE2d g RETZE9 version—updle POSCO 2, 3T W FTAd)
Agstgon 74wel 45 pointoll W Sxo|H & AAo 2 AAEn U,

2) AR A FAAg BAA vnEH g&A HA AARAELE =T dF, POSCO 3F
¥ 33 A% WA 0.79, FYUF A AST 5W/nXK, descaling AEA ST 1,300W/vkK, &
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