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Ph.D. Dissertation of Northeastem University Abstract

Process Control Models for Plate Mill

ABSTRACT

Under the background of the 3500mm plate mill reforming project in Capital
Steel, taking the process control models of a plate mill as a main frame, the precision
of page control, rolling temperature presetting, flatness and crown control,
optimization of the passes schedule were studied, the related software has been
developed, some of them put into on site application and the results were satisfaction,
The main works and results are as following: |

(1) The elastic deformation of plate mill 1s divided into two parts: the rolls
elastic deformation and stand stretch. By Influence Function Method the rolls elastic
deformation was researched on different deformation conditions, then an on-line
linear calculation model was made by the results. After combination of the rolls
elastic deformation calculation model and kiss roll spring curve, a new spring model
15 got. Comparison with the traditional models, this model has following advantages:
(DThe influence of roll size, roll crown plate width and rolling force on mill elastic
deformation is easily calculated by the model, the model structure is more {:é)mplete
and it’s accuracy is high; (@The measurement process of mill spring model can be

greatly simplified. The new model can be got by measuring the kiss roll spring curve
on basis roll diameter and basis roll crown. The repeated measurement of kiss roll
spring curve 1s unnecessary. It is proved that the influence of roll inclination by
stiffness difference of stand two sides on setting gap control at the rolling center line
can be 1gnored. The conception of relative oil gauge zero is introduced and the
calculation model and measure method is also analyzed. Base on the theory analysis,
if the plate exit gauges are calculated by the same spring model, the influence of the
model zero deviation on rolling force self-learn can be ignored.

(2) The suitable deformation resistance formula is adopted for rolling force
calculation. Base on a lot of test data, a simple on-line mode! is build for calculating
residual strain. The influence of residual strain on deformation resistance is limited
to 6% by this model through theory analysis. A proper correction algorithm of
deformation resistance model parameters is build for reducing the influence of
temperature model accumulating error on gage control.

(3) Base on the heat transfer theory, temperature model is build after the
research of the influence of heat radiation, high-pressure water descaling, thermal
conductivity by roll contact and plastic work on temperature variation. The
relationship of plate temperature gradient and the plate gauge and time can be done
by this temperature model. The relationship shows the method how to transfer the
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plate measure temperaturc into the plate average temperature. The availability judge
criterions of plate measure temperature after the first descaling are got on the base of
measure temperature characteristic. Then the interpolation method and analogue
method can be used for calculating descaling temperature. The application of
calculation algorithm and self-learn algorithm of start temperature can make the
result nearer to the reality. Base on the characteristic of control temperature rotling,
the finishing temperature is the monotone increasing function of control temperature.
The calculation algorithm is put forward for determining the proper control
temperature and finishing temperature.

(4) Base on the relationship of the gauge control system and the shape open
loop control, it is proved that AGC has a rather large effect on plate shape but less
contribution on gauge precision when the plate is wide and thin. Then the
Shape-Lockage-on-Method is put forward for settling the problem. This method has
a little effect on gauge precision but avoid the shape defect when rolling wide and
thin plate.

(5) Base on the requirement of plan view and the plate rolling technology the
rolling strategy calculation principle is determined. Then a new draft schedule
calculation method-Variation Pass Number Unified Load Balancing Method 1s put
forward for broadening phase. This method can make full use the capability of
different equipment and the unified load value of different passes is equal. A new
draft schedule calculation method-Load Coordination Distribution Method is put
forward for elongation phase. This method can adjust the pass rolling force by
defining the dummy maximum rolling force limit coefficient. It can make the rolling
forces of last three pass decreasing linearly for protecting the plate shape and the
rolling forces of front passes are large for big draft. Then take the force slope of last
three passes as a variable, if the slope results in shape defect, it is adjusted for
modifying the draft schedule. Another draft schedule calculation method-Crown
Shape Vector Method is also applied for elongation phase. This method take the
plate cross flow into consideration, so is has strong effect on controlling the plate
shape when rolling wide and thin plate.

The research results in the thesis have strong practicability for plate on-line
control. The process control models base on the results are applied successfully in
first-stage construction and second-stage construction of Plate mill at Capital Steel
Co and it is positive to accelerate the research of plate process control models in our
country.

Keyword: plate, process control model, spring model, influence function method,

rolling force, deformation resistance, residual strain, shape, crown, pass
draft schedule, unified load
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BIEA, ALMEETIN SHEER. ATHENERAR, FE&R 2 A3k
SHENEHBEASE—RIAT B THRTRAEERA, B30 3500mm 38
HFRERANAINEANREAZOCRNESFEFUHPERES L. lEH
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BRI PR REKFEREAYE, HRF-EBFEREFRND, HEKE
ERAFEHI TSR, SEMERERMTER, AP frcEMRRMIL
B =L BIEEAR

hEGIREERSFABAOSAMEENEME, BEFEIT AT
RO G, BRERMELLENEMENAFR I EERE. ANEFL
WLERE, PERMTEREA SHM SR 10%~16%. mE L1 fim. &
EPERHEFEEZEE LAY, £ 5O BEBNILECRE 12% 454,
EHRHEERTEANRER, SEMEHEDREFER. 2002 £3 2003
E¥E, BT ERFEHKER, MEFEROUERERTH T ERIL.
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Figl.] The domestic plate production quantity and its percentage of steel
products quantity from 1985 to 1998
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Tab 1.1 Plate Mill over 4700mm on the World

AKX - #r=HRE L F AR
] fie.)s KF
(RM/FM) FF/mm itk [N A
(RM+FM)
1 =E: A NG )| 1968.4/1972.10 4724+4724 4h+4h 180 70
2 H& FEk &R 1975.2/1968.3 4800+4700 4h+4h 168 70
3 H A w7 H B H 1968.2 472444724 4h+4h 240 70/90
4 H s HAHE 145 1970.11/1985.11 4700-+4700 4h+4h 240 70
5 A% EREBER 1974.5/1970.10  5450+4830  4h+4h 192 70/30
6 H 4 )1 7K B 1976.3 () +5500 : () +4h 180 80
7 H & # H gk K4 1977.1 () +5500 () +4h 140 g0
8 HE AAPE RS 1976.12 5500 4h 180 30
9  HixK H 4.5 22 1941 5280 4h 36 40
0 BE  WREES 1989/1978 4724+4724  4h+4h 180 80
11 RHE WA B EIRYER  1906/1918 (1950 2%) 35605230 3h+4h 31 60
12 ZR 2RNALTRE 1962 4064+5335 4h+4h 120 70
13 R RaAMEKREE 1952 (1960 ) 5000(5100) 4h+4h 192 70/80
14 HE AR 1985/1970 (1982 B> 5500+4800 4h+4h 150 80
15 B FI#H R 1946 5000 4h 30 50
16 REW BEiRR 1940 5300 4h 50 50
17 REBL  RENE 1984 5000 4h 100 80
18 &KF 2 1971 4826+4826 4h+4h 230 70
19 BB AR TR 1962/1984 4300+5000 4h+4h 120 80

E: RM—HFAN: FM—FHHL O BrWE

80 R ERENMAAE R FE M A L ZFHER . B REMEN AR

RENT R Hh—BEERERRARNE & ARELT

AL EE R, mb

RGP, WRBE., REMREEFIRAR, el (PC. Cve),
AR RS ENL RS Y,

AR

r

BMERFHLUSHE. ANIE. AI1E. REEIEERR.

4 1985 FER =R AIR A T 5 500 mm ¥LALAR, HZIEBER AN ©2400mm,

PR W S 9 940 cm?, A E
MN / mm,

£ 390 t, BUKELEIS A 108 MN, SLULNIE % 10.4
ERYLTHE K 2X10 900 kW, BAHFIHEN 2X4 500 kNm, &

3



Aok R F i FER %1 F it

RELHHEEN 735 m / s« AL

—

BAMNETRXEHRESRAES, HTLERNR

Zr R
80 FEEM IR ERIVIEE, FERAMEEAKFHAA OB
O, WEAKS ERE, #I 2#, 38 ERANCIEIERAMN LT

MR

K& ED

o=

BMENLHORVE. YETREEEBRE AWC R,

BERANMREESREUEEIEXA T RN TERSERE, E3I
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TEmEBER (WRS) ¥, HBHEBEXEE 1000mm, FEiREN T IER
THHLEE (WRB). 1991 FHEERE] 4724mm EHREVLSUER PC FLALHES
H WRB, #EHINEEER 15%Y, 1997 ERPFEIR 3+ BERFLVFHN
2 PC #.HY. B SSAB3I650mm B A I SMS B A 3700mmCVC+
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WRB
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KRGS

e E. BAREEH. RHRAGIETE, BB I rREsH.

‘T&E%J ErEHNEERARAIV R RSN EERNZREE, AN
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(4.5]

PLAHY 4700mm LA b 38 AR BLBLIT 4 2060 5 TR 167 2 Lk AR EL LA
b EL g,

RARER. 4724mm ERIVNPOEREARSEESN 4500mm, 5500 B
| ELNLE 5200~5350mm.

HAKEK: EERAEE—8Y 25m, RS 53 30m. & KXEL
B E— BT 50m, ) KRKBEAIE 58m, FREKKDT &
+I1E 63m.

PR R KE T 5500mm FREAF BRI EKEK A 410mm,

BFrHBEEE 43800 / 4700mm AR EL A 5L &) 40 A B9 3 K B Ik 2
700mm.

BEERK: Ko RTBKHREN42.8t, SERRERIEBEN 29.9t, K
BEBERTBEAEEN 28t, BHER BB AXRENRN 50t, mJHH&
KR E A 40t.

AR, K& 5500mm BRFHAPPARMAMEIL 949%, EHA L
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1.2.2 HAF EREVE AR

HEEPER FENKTE, LN, Ba, (X5 =% 4000mm UL
R ERENL, 20 2300~3500mm FIFEELEL, BB X3RS B
3L, 4700mm CAEH R ERANBEERS. EHERUE, RESER
T hENERARREY, 25 “EH7 B R AN, FEAINE
AR TEER=HES00, S BUuERmEsKE, KEERST
MARHRIEEE N, AT OVAEERE. ERENGRERES] K+,
1 PR B K R BN B LR B B PR A B BAR R b He U R AR L T EAR
7y EMRIBEA 100 Ft, XK KL 30~80 77 va 2 I8 (2002 EFHs
R, DR . BRI ERT BERAD 80 AL )., 5RAA, ME%T
W EEEFLEE (AF12), BRERERGREEFRENE, BFEsT
BERAFT KL, I HENE. & FEFRE. HAKTEEIH
R A 2 gRBAT,

R L2 BRETRREFARSEILR

Tab 1.2 The comparison of production capacity between China and

developed country

3 t B H & m= E
I X # B 27 8 5
ST t) 1300 1620 600
FHEE (7 t) 50 202 120

B RE BEERS  ASSELERS
BA R LEREERS  SRaxaEgs  ohRes

mE 1.3 Fin, $ARKRELEKFRLEERER . —BKRHEH
] SRREEFEEHEAKFHBEERGER FMEEGARER #ITHHE,
DEH, EHIRESH. HEREZKELERNER K5 B L3K T
EEZIEE AR SVKFERS, SEEHLA™ REMFHTFRAMERAEHE
e E—EEH N 30~60MN 54 L, MUISHEEIER X EREEIELE
TZEAR, XEEREBMASTELHE. B, REGAREFTHKBH O
M—ANEERREY,
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Tab 1.3 The plate mill level comparison between domestic plant
with foreign advanced plant

- E AT ER— UK 57 Sk 7k
OB rmmmERD ESTLT BEASERS EREARERT
B AL SR 7 /N 60 30 98 g
FIEALAE /KK 5750 X 2 4250 8000 % 2 8700X 2
Bt K 71/MPs 15 15 19.6 - 16.7
B h R B H X =] H
THRFKE x v 2] 5]

TAESRAF/mn $960X 4200  ¢750X 2450  $1020X5500  $1120X4800
THERT/m $1800X 4000  $1500X 2400  ¢2400X5400  $2400X 4250
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Tab 1.4 Progress of plate rolling technology in Japan between 60°s~90’s
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M| . ; I.
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FRAREE S E R A A THEE. EAMNHBESREENE, MaEUKXKEFEN
WV AR, SEPLX LA R AL E
ALEfREACENHEISLAMENE N THE. HF2MgEH TS
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Table 3.4 Influence of residual strain on rolling force of alloy steel
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Table 4.1 The varying process of difference of average temperature
and surface with time at different plate gauge
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/mm 10 20 30 /mm 10 20 30
70 21 28 31 70 38 38 39
60 21 97 29 &0 13 34 34
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Table 4.5 The varying process of difference of average temperature
and surface with time at different plate gauge
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Fig.4.9 The relationship of control temperature and finish temperature
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Fig.4.10 The relationship of permit finish temperature and
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Fig.5.1 The relative difference notation of the plate shape
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g, = ar[%r] + const (5-3)
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ELJERATTE 90% 3 B AR A F Z I i 1R, TEBE MR
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HX DS E S E A s R EE, Wi 54 s,

C,=h ~h, (5-4)
T b, AR POCEE; b, ARG EE, —REEEIZ AR A 25mm.
40mm &, 50mm; C, IHE L.

HTHHNERSERLEFTENRSR, FFLUSIATHA MRS,
PhihEEERAGPOLESHAL O FHRERNILE, EARERN:

C,= %- x100% (5-5)
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THESKROEEENER, TN IR AR LR, Rk
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G (5-6)
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RERFFE, X—NMERERMBFEREREKX. #EFEEAXRTHTH
g 1 [25.90,153],
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: 4xb 2x(1-v)
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E.
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Fig 5.6 Flow chart of calculation of mechanical crown
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B EEAE, TUBEMAR (5—-39) MEEFRA

width width \~ .
—Kyo+K v Co K yn-Cpe (5—39)
Cypr =Kyo+&x1 Cw [!e”gm} x2Cp (!engrh]

o, c, Mo, P WAEAIEEMIERES 4K
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s s hwEme, SEHRLENENSREONER, AlvkE
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Width Width
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_Kr ¢
7 Tooo

K =a; + R + Rb
= a d3
F_CL=A7%27 500 )7 2 {1000
R, Ry
K = + Yo l+ae | ——
F_G2 = HeT s [500, s (1000]

K aq + Ry +a Ry
= dao o ———
FE3=577%8 500" 2 | 1000

al = —0.0786, a2 = 0.00844, a3 = 0.03041
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EHESHEONERN, SENRBELOAEMNLSHNER, HtEE
e, =0,c, =0, MERALR (5—40) HERHFAKE®R, REHA (-4 i#

A7ila, HERLSEE A 0.99353.
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BRI, BIXAAN GRS T SRR, HERFEEY

Pa
= o

£ 63 WESHK
Table 6.3 Equipment parameter

W AR B 1

THEEKE /mm 2500

THEHRER /mm 730~780
XHEBERE /mm 1460~1560
WERELHI S /MN 34.3

R ELEHI %R /KNm 1960

*® 6.4 RULEFAE
Table 6.4 The optimize rolling schedule
%\, 6518 R 1 2 3 4 5 6 7

DOERE /mm 3152 2424 1849 1412 1106 896  7.51
#5177 /KN 13983 14951 15149 15170 14129 12919 11947
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& 6.5 {RFELIRHAIT A E R HIFE
Table 6.5 The optimize schedule after adjustment because of edge wave

2R b= RUN | 2 3 4 5 6 7
WOEF mm 3117 2357 17.73 1334 10.49 8.66 7.49

LR /RN 14604 15833 15862 15894 13630 11891 10125

6.5.2 4B —RERESTITE

L RERESTTEESH Nakajima K EAEEHFBTFAEILAFES
B, SRR A AR T A A P IR . RGO R B B R AR
PSSR, F48 9 EAR B AL BB N T LR EALAIBEE 7, T EAF7S
HAMREECEMSE., ATAE-REXEMFENERNERLS § &,

RIE A R AVELENS &, RN B AL SRR E SRR SR,
& 6. 12. B—FRWTEHERB/LMEROETIE, HETERATES
REREZEES, RONBER NRBMAZFERNGETE, —BEHFAMKH
BRIEEMERBE— S E B S UG, WEANE -5, &
BT EE RS, REER T EEEERE T BISEH RN B IF &4,
K N ERR A SR EE BN B, HE—HEA T REEY

B BEIRZ BB ELR N K ER AR, SR RSN R AN NS E—

ERELBI £y B kg 5 (06<kg <1)0 BIRF =kyy Fo» WENRFRE, &

ZRITR=ZFHTHER. 2LAREHUE, BB PMEXRNHAEE—
BEBIEEA—E, RIAMARELFERE, XHEBEBLE=DHITRR.
FBZLHE A REMER: (D mRLHUERE DS ETEE, TARE R,

X R EEYE BRI IR RS ke, HERLXILEEETEHREE, X

MR FER AR ERSRR AR BN, (2) NERAEEXTEHREE,
R E ARG, OGRS R, BFHITRENE, 3)
RAFERE/NGEFERE, TARMEEDR, XEHE %SRS AL % 77 W
A, FELEESTHRESE, WERKEEKREEBIME, TN
— MR EFH TSR, TR E M.

KER 63 HISH, %M 16Mn HEMF, BELRAME A 40mm X
1900mm, LF A 7.7mm X 1900mm, REEE A 1100°C. F 6.6 ZiliT
R R ESTE EA R EME, WXL EIMBTLIEY, NE—F
& B AR TAR A RSB HIRE S o
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Fig.6.12 Flow chart of roll elastic deformation calculation
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% 6.6 TLALELFIFFE
Table 6.6The optimize schedule
FLiBIE IR 1 2 3 4 5 6 7
HIOFEE /mm 31.38 2394 [8.09 13.59 10.71 8.83 7.68
FLAI ) /KN 14202 14227 14228 14226 13871 11963 10129
LN /mm 0.236 0.240 0.221 0.189 0.160 0.139 0.122

EHMANIE T BT AR AR RIE, FRBREFHINE. HEER
ME, A ETEERREE, FeRETAMNBREIR MHNE-RER
2R ERERER, NS REIL A RENR BRI,

6.6 & /G

CL) 7 ¢ P EARELRISRAS RS E R, HHIERE. FERRIESR UL
N EAR B LSBT S S T AR R A R E AR L B SRR RN

(DR —MEATHERERENBENFLEIESRE A - ERY
Ga e FEIEE. ENTEFTEEFESEREERINTTRE, FE&)
BRI E AR EMESE, ML Newton-Rapson i S XM AE S EIER
HEAVEFAER EERE D, WA EEERSH LRSSk, HE
LI A {E.

(3) TR AR R A R &AL, R —FiE A T BEAR & B #9
PR S BH vk — AW AN ECE. ZAF GRS E X — P RIEHE K
DRFIREF AT ZEB RIS, FEBREZMERILE LT TR, HER
EERENKR, MEHEXRRBARZBIHVNENXRNAKETR. #—PHBE
=NEXRIELE A TEMBIENTE, WRHMIMRENE, a7 UE S AER=
oi %% % ol 4 17 ) B

(D HOE-RERESTENA T HREM BRSO, XM
RoZERANHNEEAIZE, MG REMOREEREEEN. A
HEMNE AT EEEDHEEELERNEX.
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# 4k k%ﬁf#ﬁﬁi F 7 FHLBNS IR R R R I Y

TR SRR R BB 1

HEl, EARFER EIAER R LN T S TR R
B fEEKITCEWMFEWR SCETE, L/ LENMRERNA TG, %)
THRZIVIEEREBENNARER. @EREFFEHEREFAFREN WA
P, BRIt IEEGNER, FRERFRHMNHAZR.

AFER T AEAEERE NI N RIE, B ERREF IS L 4
RIS HTR L, EWRXEF N IEERIRN RGN AR,

71 FTHGE. LIREFSHESABNMZTHIIELTE

50 2 ER BT THAX B FEAEMUEMNE, ZERIFBNAE
NP ERELILFEmE. |

711 AP ERRESH

HMEBERESHUWT:

TR LA

THEBR~T: ¢950~ ¢ 1050 X 3500mm;
AT ¢ 1900~ ¢ 2100 X 3300mm;
THEBEEAFOE: 330mn (FER);
NLZERIE: 10000kN,/mm;

FHHl: 2 8RWRMAPLH. B 0/50/120rpm; 7000kW/ 4
HLEHEE: 0~6.6n/s;

Max ¥ &HCE . 36000mm;

BAELEID4E 3070 X 2kNm;

B RELHITT TOMN;

WEETIERE: 0~29mm/s

KT 3L

BEEEIPL  2X400kW

® HZIETHEE: 0~35m/s

3) BEKKRBERE: K 20MPa

4) FLEIRIFRIE:

o TX. tHEE

N3 EH42: ¢ 4500mm

® BTHRE: 1

—t
R

D
R
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5) HLEUHER
o R BEILIW
® T{EFHE: 1200~4800mm
¢ LK. 8000mm
6> HLEHERK
e M. WEEAEH
e T{EAHE: 1200~3500mm
EAHERANEERSNERENENE, TEURDT.
o [Eik: MELHSH
® HIEAEREE: MEWEREME
MTS: W&EE T LA AN BB ER AN . HANE
Sony B R: WEWELL P LT
X 5 £ M EAX
ZUANIRAY . IR R
xTE RIS MR BFERMERLG
AKX SBATEE (HMD): HEiElENE
SARERBEME: HFHGME
Bt xR R, AT FERBELS S RAE. B FLBEHEE. 4
HREEHTLNNE, RESEMEsEENFEA.

7.1.2 7= i K

BN RNIR 7.1,

R -

e E&E: 150, 180. 220. 250mm
® 5. 1200. 1400. 1600, 18300mm
® KF: 1800~3000mm

® HERXBE: 11.6M

7= fin BUA -

PIREE: 6~50mm
MEFE: 1500~3200mm
IR F: Max 36000mm
AR R E: Max 10.6 I
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7.1 FRRH
Table.7.1 Product scheme

5 7 o i TN 7 S AR
A BDAH32 AH36
i el ’ ’ 8~40 X 1500~3200 X 25000~36000
1 AR R DH32,.DH36 7
y) MR X60,X65,X70 8~25 X 1500~13200 % 25000~36000
| 09SiVL,16MnL,
: ' - 8~ 12X 1500~3200X 25000~
3 RERNER L6MAREL 2 0~3 36000
g 16q,Q235q,16Mnq,
4 * 8~40 X 1500~3200 X 25000~36
R 5MaYa 0 0~32 000
16Mng,22g 20g,
5 B 52CEST8 8~ 40X 1500~3200 X 25000~36000
[5MnVg
6 EAhESE  16MnR,15MnVR,20R 8~40 X 1500~3200 X 25000~36000
7 HisR TIREHR  KQ450,HIS8 §~40 X 1500~3200 X 25000~36000
8 Z M 215,225 8~40 X 1500~3200 X 25000~~36000
A,Q235B,Q235C, '
9 SRR Q2354,Q2358,Q235C 6~50X 1500~3200X 25000 ~36000
Q235D
Q345A,Q345B,Q345C,
Q345D,Q345E,Q390A,
10 & 6~~50 X 1500~3200 X 25000~36000
LR Q390B,Q390C,Q390D,
Q390E

7.1.3 LB PRI HEA T2

AR A P g BV AL IE R L EWTF
()Q235A~D HIE4LIEA T EHIE
® HNIEFELGEEZEFRIFE 1030~11307T;
o HFHHITEHEBSMAK (1000°CLLL) #.HI6, ERELEN>10%,
BAEMESEIE 60%
® <I2mm MR, HHILIEE 800~850C, AEH:
o 47 12mm YLK (8 12mm 4D 8, KFHEBEEBEHIFE 90T
IR . (LEREXERXER, & 5~10C/s, HERFRALRE
HI7E 680~720°C.
(2Q345A~D I LA T ZHIE
o HITFFELIEEFHHIZE 1030~1080C, FHREBEELE AKX (1000CLLE)
L, BRETE=10%, BEALERKET.
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® Alifl<12mm HIENAREY, ZELBEETEE 800~850C; BARERET X
CREH)D NKTF 10%; HETA.
® EEZ=12mm MEIREN, #HATREELE. IIMEBRITHIBET
1 860~920°C, XM TREMEMNE AR T RIEE, SHEMERHRIR
KA EREE. FFEEEN 2~25 EMRRAEE. L5 REXeEs
RS, TR E=780C,
(3)16MnR HIFEH.IZ# T EHIE
o ILTHIBE 1050~1150C, HMIRFH 4 RR LGN, BT HE
>10%. WIRKGFEREREILBEERN 2~3 %, B ITilEE
860~900°C, £2%|IEFE 800~850°C, AL ER B H B O50%.
¢ NEE<2mm B, HEREA.
® onFEE>12mm AR, KEEREHANLSHELED, KATT
RiRE>780°C, WHLIEE 5~10C/s, RABHAN AR, KAK
IR E 650~720°C.
(D20g R4 R T EHE
® HETHEE 1030~1130°C, BEBSEEXILFIN, BREREN
=10%, SEEEERHIE 60%LL L. |
o HNRKFHERERANRREREN 2~3 1%, KELIFHES 860~900°7C,
IR 820~860°C, IR EREREE =50%.
o HEE<12mm IR, HLETH,
® mEE=12mm KR, KIHBREHXAAHERLER, KEFF
R =800°C, WHIEE 5~10C/s, REABBEAMARL, kA%
IEJER LB E 650~700°C,
(5)A32. A36. D32, D36 Kzl isX T E4iE
® HRITELER 1030~1150C, HREBELREXIEN, BRAEREN
210%, BEEEEHITE 60%LL L.
¢ NRMNFEEBEARBEER2~3 14, BHLITFSEE<920C, &
HIRE 800~850°C, RILMBBRIETE=50%.
® FEEE<12mm HHRRIETY, (LH1=12mm BOGRET, &35,
REEREHARHNREER, KATTHREE =780°C, RHIHEFE
5~15C/ls, /K22 ILGIRABIE 630~680TC.

7.2 FLHI BRI EL R A
WHMRRFERAGSEREENE, EREREEHRT. RAR

-\..l i
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S —— ———— o — e Y e S —— e e —

T ORBEBIEE . AL R & R AR A S R E AL RIS . SEIRKE T &,
L) OREGIE, ERRATRPMRTEEMAERRH TP XK,

FERM AP TEIEA, SEXTA RN AR A B LR,
FELASILREFHIT A, SERAERR LA 15 s ER AT DO Al S AL S AR
AT AL, A AR RGO T RERFER ZEWREA T ERIERE, M
XA R T ELB T RARES R

H— AT EAEGAENEENASE T REARTEAENERE,
[F B R B E R ELH AR, IXIER T 28 6 ERIELHIARE B TiEsE 2T L
AL ERERER. £ 72~% 7.7 @7 H LR BRI FLSTE.

72 WEIE B
Table7.2 The typical schedule 1

fe. 3C2124P82B P, 458

FER T 220 % 1600 * 2950 i R 12.0 %2350 % 36823

o B | R | ETR | RE | E | BE RS | BRAS | HE | BEF | RE
1 mm mrn mm mm | mm MN MPa kNm{ rpm

1 ]200.4(1999] 19.5 {2977 0.19 | 1120 20.7 64 2070t 40 B %
2 | 1809 | 1803 ] 195 (297741 022 | 1117 | 2235 69 2249 { 40

3 | 1614131607 195 12977 | 024 | 1112 | 239 73 2393 | 40

4 | 1420 | 1411 195 12977 026 | 1109 254 77 2543 | 40 ik 417
5| 117011571 249 |2500} 038 {1103] 283 26 3204 | 40 B ik
6 | 92.1 | 902 | 249 |25001( 047 | 1100| 33.0 96 3741 | 40

71 682 | 658 | 239 |2500| 0.55 | 1093 | 383 106 4236 | 40

8 | 50.6 | 48.1 17.7 | 2500 | 0.55 | 1073 | 38.2 116 36391 50

9 | 375 | 352 13.1 |2500| 0.51 | 1059 369 | 122 3006 [ 50

10| 27.9 | 25.7 97 2500 047 {1043 | 356 129 2506 | 50

11| 20.7 | 186 72 {2500] 040 {1025 352 138 2131 | 50

121 160 | 143 47 12500} 033 11000] 314 146 1538 | 60

13| 135 | 12.8 26 | 2500 026 | 971 | 222 143 808 | 60

14| 12 11.7 1.4 | 2500 | 021 | 935 16.6 150 452 | 70
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Table7.3 The typical schedule 2

e, 3C2022P21

MFP: Q345C

FELRSE: 220 % 1400 * 2550 i R~ 16.0% 2350 % 20888
W EE e ETR R A RE ) B EREU  E ) BE | RE
e mm mm mm mm mm MN NMPa kKNm { rpm |
i {195.7(195.0F 239 |2572| 0.33 [ 1050 25.5 82 2824 | 40 | [t
2 11718 | 170.8 | 239 {2572 038 | 1049 | 283 90 31361 40
3 11479 | 146.6| 239 [2572| 042 | 1044 30.8 96 3412 | 40
4 11240 11224 | 239 |2572| 047 | 1041 | 33.8 103 3744 | 40 | 4E4R
511010 992 | 231 |2500]| 050 | 1036 | 35.0 108 3808 | 40 | Rt
6 | 79 | 766 | 220 |2500) 0.58 | 1030 | 40.0 120 42451 40
7 | 623 | 60.3 16.7 | 2500 0.53 | 1020} 37.3 124 3542 1 40
8 | 496 | 478 | 127 |2500| 051 | 1001 | 357 133 | 2885 50
9 | 400 | 38.4 96 12500] 046 | 989 [ 32.9 136 2315 | 50
10| 325 | 309 7.5 | 2500 | 045 | 935 | 33.5 151 2075 | 50
111 265 | 246 6.0 |2500| 046 | 922 | 36.0 174 1999 | 30
12| 21.7 | 19.8 48 |2500| 043 | 907 | 36.0 186 1789 | 50
131 19,1 1 182 27 125001 036 | 876 1 26.1 188 i 965 50
141 172 | 17.] 1.8 |[2500| 030 | 861 | 200 178 610 | 50
151 16 15.8 1.3 [2500) 024 | 843 15.2 168 50
*® 7.4 ABRFHFAIE 3

Table7.4 The typical schedule 3
. 3A2512P50 Mih: 45#
TR RF: 220 % 1400 * 2950 AR~ 18.0%2350% 21480
B | B B4 | ETE|SE| ONE | BE | 560 | D | AE | &8 | RE
Y| mm | mm mm | mm | mm MN MPa kNm | rpm
1 11958119521 239 12975} 031 | 10711 242 78 26771 40 | is
2 | 1719 {171.0| 239 |2975) 036 | 1068 | 26.8 85 2971 | 40
3 | 148.0 | 1469 | 239 |2975| 040 {1064 | 29.2 91 3236 | 40
4 1 124.1 [ 122.6] 239 |[2975] 045 [ 1061 ] 32.0 98 35511 40 | %4W
51 991 1972 | 250 |[2500( 050 | 1055} 36.0 106 4074 | 40 | Bofgk
6 | 74.1 | 713 | 250 2500 | 0.65 | 1049 | 442 121 5006 | 40
7 | 54.8 | 52.1 193 [2500]| 064 | 1037 | 43.7 129 4344 1 40
g ! 406 | 379 | 143 125001 0.63 | 1017} 434 140 3714 | S0
9 { 300 | 2751 105 |2500| 0.57 | 1003 | 434 147 3073 | 50
10| 23.7 | 222 64 | 2500 044 | 987 | 41.7 143 1828 | 50
1] 202 | 19.6 3.7 12500 033 | 969 { 32.0 135 971 | 50
12| 180 | 184 20 |2500| 025 1 949 | 224 131 493 | 50
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Table7.5 The typical scheduie 4
§15: 3A2028P92 . 16MaR
HopbRSE: 220 % 1400 # 3000 A R sF: 18.0°% 2200 % 19091
| R RS | RTE|RE|NVE | & | Heh | TR | | B E RE
ol mm mm mm mm | mm MN MPa kKNm [ rpm
1 1197.7] 196.7 [ 21.9 [3025] 0.28 | 1041 | 285 82 3028 | 40 | [ads
2 | 1758 | 1745 219 13025 033 [ 1039 31.5 39 3339 40
3 | 1539 1523 21.9 3025 | 0.36 | 1034 | 33.9 95 3599 40
4 1 1320 1 130.11 21.9 3025 0.40 | 1032 367 101 3895 40 LR
5 | 1093 | 1078 22.6 2350 | 044 | 10261 31.7 107 3420 40 F4 g
6 86.6 84.5 226 | 2350 0.54 | 1024 37.2 119 4011 40
7 | 68.8 66.9 17.8 2350 | 050 | 1015 35.3 124 3377 40
8 55.3 33.6 13.5 23501 0.48 | 998 33.5 131 2798 50
9 45.0 43.6 10.3 2350} 043 | 986 30.6 134 2224 50 ¥
10| 34,1 30.6 11.0 23501 0.69 | 890 50.0 189 3719 50
11| 27.7 25.2 6.4 2350 0.59 | 878 41.1 204 2350 50
12 | 24.1 23.0 3.6 23501 043 | 865 28.6 197 1228 50
13| 22.0 22.1 2.1 23501 0.31 | 839 20.9 186 654 50

& 7.6 MEVELHIFEE S

Table7.6 The typical schedule 5
K15 3B2222P14 R Q345C |
B RST: 220 % 1400 * 2400 R T 30.0% 2350 % 10485
H|OBE | REE | KR | R | N |G| HLEDT | BEES | hE| BE | RE
w1 mm mm mm mm | mm MN MPa kNm | rpm
1 1195.7 ] 195.0 23.9 2420 | 0.32 { 1041 24.6 34 2731 40 {igie
21 171.8 | 170.8 23.9 24201 0.37 {1039 | 274 92 3031 40
3 147.9 | 146.7 239 2420 | 0.42 | 1034 29.8 99 3299 40
4 11240 | 1224 23.9 2420 | 0.46 { 1032 | 327 136 3618 40 BN
5 4 102.7 | 101.1 21.3 2500 | 0.46 | 1026 | 33.1 108 3467 | 40 1 figk
6 { 81.4 | 79.1 21.3 {2500 0.57 | 1021 | 392 121 4104 | 40
7 1 65.0 63.0 16.4 2500 | 0.53 | 1011 36.7 125 3371 40 A=)
8 | 539 | 519 1.1} 2500 | 0.53 | 903 37.0 153 2793 | 40
9 1 453 42.9 8.6 2500 | 0.57 | 893 39.8 181 2654 | 50
10 [ 38.1 35.7 7.2 2500 | 0.57 | 884 39.8 192 24231 350
11 | 34.1 33.1 4.0 2500 | 0.40 | 866 27.8 188 1260 | 50
12 | 31.6 31.5 2.5 2500 | 0.26 | 855 19.4 172 690 50
13| 30.0 30.6 1.6 2500 | 0.16 | 8453 13.6 155 389 50 |
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Table7.7 The typical schedule 6
Jreh. 3A2579P4SB e, Q23sC

Pkt Rk 220+ 1400 % 2350 AR 36.0% 1850+ 10868

| ER | B4 | BETE | B O | EEE| L0 | BRA | hE B | £5
# | mm mm mm mm | mm MN MPa kNm | mm
1 1203.5( 203.6 162 |23701 0.19 | 1041 17.1 73 1561 | 40 | o4
2 11873 1873 16.2 | 23701 0.22 | 1039 18.6 79 1693 | 40
311712 { 1710 162 [23701 024 { 1035 19.6 83 1782 40
4 | 1550 | 154.8 16.2 | 2370 026 | 1033 2005 87 1868 | 40 | 464K
3113700 1368 18.0 120001 021 | 1028 15.6 92 1886 | 40 | [ig
6 | 119.0 1 118.60 18.0 2000 | 0.24 ;| 1026 21.7 100 2090 40
7 | 101.0 | 1004 18.0 | 2000 0.23 | 1023 239 106 2293 ] 40
8 | 86.1 8513 150 [ 2000 0.26 | 1013 23 110 20011 40
9 5.0 748 111 2000 | 0.21 § 1001 19.5 109 1469 | 40 i
16 | 355 51.5 19.5 2000 0,72 | 874 52.9 193 52911 40
11] 452 424 103 12000 | 057 | 866 423 214 3081 | 50
121 393 382 5.7 20001 037 ) 856 281 204 1576 ] 50
13| 36.0 | 357 3.5 2000 t0.23 839 20.5 190 868 50

7.3 5151 BB E A NS

BIFWHAIRAR THAAER, BERANREREGEIFE, Rifxg
MERRE G T BENELMNHMATHER. BABRE B8RS
BESTREEEGIRXE, URERERFRERMERNILF DT RE,
NEERERESHIER MEE, B SRBEET . SaraEs
FHREEHERT, MELSERENGRERRERR, A 82355,
A LalD R —MERELE A TUREE ED 7% A,

B 7.1 B THMA Q235C, EEET 16mm i = SREL A F E LM
L AL B iR B 72 ERTHMA Q345C, BE%ST Umm
i) Z Bl FEAS FLE RS AL D AT L B s . WFRTULED, &
FE—MERASAMHA S REEERE SUEL. AT EWNEREHYEE 4
ERHTER, THRERESHE, SREEEHALEESTZHEM
ERKR, MAPRE. ZESEZWTLMERGELE I TRHEEE. W0ESEMN
BT ERBEREEEHE, SELENEHEEFRREHELGERE SN
g S — M ERILF D TR ERER.
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FARFETEERL £ 7 FEL BT R R R I35

2h

(e)
7.1 BE=16mm, {AFH Q235C B Hy4L%lH RME 5TME SRR
Fig.7.3 Comparison of rolling force predict values and the measures
when gauge is 16mm and the steel code is Q235C

45

(a)
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(b)

(e)
72 BE=16mm, $F 4 Q235C BFpELHiH TRME S M E X K

Fig.7.2 Comparison No.6 of rolling force predict values and the measures

when gauge is 14mm and steel code is Q345C

B 7. 346 R MMM L FLIE IR ST LB ) S TRAME 2 [ HAT Gt a4, Bans
HERAHE TS EEREIR AR, BRTURELS I ENER.
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7.3 KEEREMELBIT Fronnre 3B EABII Froiee LB R R
Fig.7.3 Comparison of the measure rolling force and modified

rolling force for the last pass

7.4 EREES S ANE

F— RS, FMNHNEREEHERNRFEETIRE, ~aBEMNR
RREH THEAMEE, STHERNEIARRERSk, AEREEH 1999
Ef 1.65%RE R B RIS 2.09%. $LEERBHERD, 6—8 mm Fid £ FohH
E RBRENFE R, MR 1999 £18F 1.74%, X% 88.96%., fiEHE
E, EHRERGEMEAH PR FERFKF. 2000 FE 1—-4 A4, HWE
BT AN E RAREAAERERH 1999 F4 1.65%RFHE 1.98% . £
{2 5 E AN R A A A A R R IS v EE G R3S 384.8 i . —HIRUER
& A THE Re TR AN LM B P REFE AR XT ELZT A TR 7.8,

RIS TE 2003 F 1 AARATRERD, /g 3 M AERETE.
2003 4E 2 A, JTELH AGC B B8 K EIR#T TRW. HArslyld
BEERARGEEERRIER, ERETTURARERETIEES, BE
MiE, ZELEEFENASEITHERRE, BTN 20mm A 30mm K FL14#
ITEFFRIE, BOEERE ¢ <+0.15mm, HESRMEMER. 1HIFR
FEPR AN B Th R R A BRI AR I IR T AT E.

|§j o
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7 7.8 kvt REFEAR AT LRI HE RETEARXT EL

Table 7.8 Comparison of design and measure

I

5 IMH WAt PERETEdE  SEWIMEBESE IR
I). W E, mm < +0.1 0.04
2). FREWmFE, % = 95 96
3). FRE, mm < +0.15 < +0.15
4). AR EMPE, % = 95 95.71
5. H®ME, mm < 0.15 0.123
6). W15, mm/m < 4.0 2.8
7). BHEIEREWSEARE, ms < 20 20

_ 8. JIRHAMPTAH, ms  30-100 ___1oo

EELZ N A SRR, R — ) B
| - OMGEEERIEANREREERELN AT, BEFRELENLEHR, HiEE
FIEAZERN, 15 PDIFIE. B FEMELHIMETERIRENIXAEE
A, EiG, HIT ABREMN AT RBLE.

@PDI PR IR S LR EIET — £, Bl A REEH RSB E,
Ao R Bl Y i

@4 LR EMNUREE TSR, GESEHRNBREN R
TTATF, ZmiGWEMREAE. FUFS G &, SoHER,
AR R ANREE, F-mRBRLURISIRS, B RGFBERKHEE,
HFEFERIIEE X

7.5 BEIG
AENE T E NS S R R BRI BN RE R, X ENRY
BHEAT T oM. T SERR AL sSelSEAR AR, ATLLE i R B R 4

TERESE. AR RN EEEERERAEARERIENEE, F8HERED
F.

1y BELERHE AT EZES%, BEFRENAM;

2) —MSEREREARRES L0, BRE<SL015, AERERE
1999 1) 1.65%REHZI B AU R 2.09%, R 384.8 F17T;

3) Wit SELLHFARELE, HEHELBAEENNE XS IE S ME
BT, RAAIHEER. Z M ERNBEERAT L EEBREE.

gr LR, B TRV R SRR T2 T PR B R A E N B 7
MUERTFRRASTHEE, MAESREARNIERERIBZE. aTLTL
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B RS El, ALELTRMBETRN. R SRAER TS SRRt
AR AT TR, FBRG RN T M b ER MEE PR S
s, TERBIT

() SR TEAE. WRABRTEIEHRSRIT THENGERKF
EREVSRSHEREERE, Bt E U RERNESER T
MRS, SN — MRS LEIAGERERAE. BRI TEE.
ek T TR SR P ZE A S PR AR B 4.

(2) &3t Bk TR AR AR T 2 B TR 0 R U R T L3
Bk FREISMNT, SPAT T THERER. THMER. TIENE. XHENE.
81 9 FIEL 2 SR REXT RV BE BB, B AL B T S LA IE L.
R RS L SRR AR T R R, B R RE
RIRA SR ERBE 4%. ETERBRBED BT EBMENG LT ET
IR H R T TSR B A 4, MR R T4
R B ELHLRBEAY, XRSTER B SR E R G B A LU R
REMESNERENMR A, ZEREARBUERIERASE. x4t
i B R A AN SE TR, B B B A S, A AL A
R — T ) R P R M L R A, SRS AR R R R AR R Y
HE IR . AT T ALY BRI 2 RaHRA R B, BT HR
R 22 B AR AL I /MR B AL S R MAR A, BLEIT OB R
BEARSRETN. -

(3) M ELEI TR & H BT R R, BRI EE R RN
e hHERENIERE, 5 ENEATRANER, BHESTER
AL ST R AR T AR, 4N B RTRS N E R M ES IR, fEER
HEATIERNFARANESHSEER, BI85 KA 2T T L)
a5 4 A IS T AT 1 S WS ITE 6% LA

(4 S TRBAEZ[AEBNASABRR EEINEMN, BaNRALE
B OEERHES R AR TR EE, WP TET REB XL R
K EEIBEREFZW, RERLHIRENE T FEE BLHE.

(5) MBERERE, T HEBHAT. HEKRSE. SHBZM™
ERHRER. ARBEDSEEERENFERBEZUNER, BHERRE
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