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Research and Exploitation on the Prediction System of

force & energy in Hot Strip Rolling
Abstract

The thesis is supported by strip factory of Tangshan Steel and Iron Group Stock Ltd. At
present because of without thickness self-controlled system on narrow strip production line, the
dimension precision of product is still relied on the manipulator’s experience. It results in low
shoot rate and bad product quality. The question is extrusive especially wider or thinner
products are tried exploiting on the sirip product line. Under current circumstance therefore
improving the dimension precision of product through accurately predicting the rolling force is
the urgent target for strip-company in order to increase economy benefit and keep continuance
development.

The warp of calculation result of force and energy in continuous strip rolling, whether 1t 1s
calculated by theoretical model or experiential or semi-experiential model, is too great. So it
cannot supply the need of high precise for rolling product. On the basis of the machine and
technology condition of Tangshan strip factory and finishing investigating all kinds of calculate
model and methods, a system software of predicting force and energy in continuous strip roliing
is exploited. The modified function of considering austenite recrystallization change 1s
performed for the first time in this software; it can obviously improve the predicting precise.
Furthermore the influence of geometry parameter in distortional section on arm coeflicient is
considered in calculating of rolling moment, which makes results equal to the fact value.

The conclusions are as follows:

1. Through the research on recrystallization disciplinarian of narrow strip, the results are
agreed well with measurement value. It shows that it is feasible when investigative model is
used in strip continuous product line. It also performs theoretical base in controlling and
predicting the structure and property of narrow strip.

5. The influence of remnant strain because of not enough recrystallization on rolling load

‘s considered for the first time in computing of rolling force, 1t can obviously improve the
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of “test modification” and offer the base for technology design and factual manipulation in
exploiting new kinds.

3. Though research and calculating of temperature and height warp between the top and
bottom of work piece, the calculating value is basically agreed with the measurement value on
spot. The precise of strip product can be improved, which maybe reach the level of broad strip if

the results are using in controlling the whole strip dimension.

4. From protecting the equipment’s safety, it’s unsuitable for whether broad strip or
narrow strip to improve curve weight by increasing work-piece length at current deform
regulations in narrow product line.

5. Through the computer simulation of changed structure field on air-cooling
austenite, changed structure content on strip section is obtained, the finial changed
structure content and property are gained. The predicted structure and property are
basically agreed with the measurement result through metallurgical micro-observation.

The thesis is needed further researching in following two factors:

1. Its investigation is only based on only one kind of general carbon steel Q235, but a
great deal of other work will be done on other steel kinds.

2. The function and application of software will be continued improving through a great

deal measurement in its factual use.

Key Words: narrow strip, recrystallization soften, rolling force and energy
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EARA R ARG TR TR, Y ICHEE. 77~85 (E: PAEFUILA
RESEMERELD . SRBMH—&BIEE), ByES:
YR2300—12, Zh3H: 2300Kw;
$E58: 4950min;  ERCENL: JEFR A=1800mm; {&Bhth: 6.07
Ak ¥ 1870KN; 2#  882KN
&S5 14 68.7KN; 24 34.3KN
5 R 81.54 v/min ; FLBIRER: 235m/s
AL PEREE, FEIET.
R U, 2R SR NP AR LA R
WALV, BRSPS R AR R TSR AR ARV . B4
BEE Ao
(2) HBhRE
HEUSHET: TR—MEEY, BAWUAL 160 M, HEEEMRT L.
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S TR LR

KHY: RATUEKERMRE. WROBEVELAM, X BV EERER
Ko BEIEHAFHHERT, LRI THEEETHN.
M. HFEOERPHEN B FRRAEIRREDRE, AFERARITTREEA
=X XA
RS BEHBEFED (D BEMKE, O $EKE. TR 7RIS
G, K 100~300m, ZiHkRGRE, KEWHENRK
[ 1110, XHEERTEARADT BRERE.
STRERHL: U 480~520 Mgk, BIEDN 1L1~13m, =PBPAERA 120 F
A BTk 1. 70~500Kg: HHEEE: 4.5~9.0m/s.
HBHEN.: #3hE.
BN, WED.
Eellye: S P R R
3.1.1.2 %I B S R B AR BUE T AR R
1. =EER
M T A P D SRR T, ARSI RE 128~355mm, BEEA 1.8~
40mm, WEHIEWSESGBEEESY. B, W EARNHTHEN RS, ¥
AR E R BRI R AT, BRELERE T HE (2000~2004) BORDUE M
FMRERY, HPRAASHMN. KEMABENE. AmRAEE. ARWPrHS
SIMA BRI, TTERETRAKERASNTRYE., st TRHEUREWNER
TR, SR AR NIERE 2003~2004 —FEREM. N LHERTLLEY, BHRGLE
BT R T s A, 2UTARMBERESREFHRENFERERED, ¥XT
DA, ARERNENER, CERELTHRE. B, IRESHEENARIE
5%, M AFORSRENI TAMZ B e T BRI AR
2. B R PR TS
ST BN RS AR LGB EIN. BoReFLHIT 2 OVERER Bl E ©
550 HLALITER, ALEIERES 20mm AV, U1K 23m R, BaEnsurimi,
S 2 37 5 ik 7 42 @300 FREERALNLALAK 128~205mmx 2.5~4.0mm RIVEHN, 2
(0% SOKg AR 14 AMZA ., XARRRMELR, T2, REWEER, 7

il

Ly

-12.



WMAET2REBEFaR T

2%, JREE, HFEX, MEA . 2d00EE, N O ERE B AR T MK
EAGHTAY 3/4 L. —KEMTRIE IR, BEERH 50Kg B3] 1200Kg, Fr-
BAEE 60 K. FRXAHR—MEKHALE, RE4Er=8RHh 205mm. B#EY
40mm BIFEH, RAREREXBEERS ™ 165mm x 165mm . 165mm x 225mm .

165mmx 280mm =FPIMAEHESSER, BEMA B RA 355mm. BHERN 1.8mm KIEH

b f-

W, HEFTAE 310mm~355mm REFEE 2mm CLFREEEREA 7 EAZ=FH R
TH. B 2000 F, & EFEOR. B BE. . SERFRERRA RN asEK

S, BT BENBHFEHANS SHIRIHEARE, BN ERITR L TK

BEMAL, FEXEFHET L Z#TIREGENERET, NEFR ERRRRE. BE

BRAHATICE . BASCE: AENHT @IS, HEKS

AT B M I

HEAMRALT ROBT T £ 2% FRAR G  MFR SIS R . BRI T “W
RBRILARGH” % 6 T MERFHA, e ERETI HESRKIAETIA

TR HTHR, IS LR,
3113 MIEEMRFUEN

RN BOESERE, PR R. REHBIIN RS, REEENRITH

2%, F21 &R TEEXEHESFEAREIRYIEHIER. B 1997 5
(I3skR, 1998 4E LS B E A BUE R — KM et . tHRAI, fEHT
ERATT TERRASMEENIRE, TERHmESEMm, 7§

=R U B P KR
FEN)  H 1998
TR S RERHER

K. SAFERSE— D2, 1998, 1999, 2000 FE40 7 L BE TR 1997 E2 6 m
3830.2. 8315.2. 15562.1 FiTG, FIELAIRES 9235.8 iot. AIME Bil¥E 8170 7

76, EUCHEEK 0.88 &,

32 3.1 EREHT BOERIREARGFTEARA L
Table 3.1 Comparison of technical-economical target of strip steel before and after reconstruction

F 1997 1998 1999 2000

S X0k 13.8 19.5 31.9 50.0
R (%) 933 95.7 96.0 96.6
PRFE (kg » 1) 210.0 104.0 46.8 42.0
kg - ) 145 71.8 642 51.0
EEE (KW « b e ©F) 89.0 84.6 732 54.8

-i3 .



AL T R SR8

3.1.1.4 BUERH SV

FEATR BEUREBUERYIE, 3 ERAERBE SIS AERN 558 N,
WAER 2.84 FIWE, TIFREFEd 181Kgn M3 73.0Kgh, KRR T REIRMRE, MRS
REFHENE. mRAMAE, RIFRKBE 355mm &EE 1.8mm RAIER. &
REEHTES, HATEHATHNTH. EERIINEFR-REERTETEE
100mm 2%, HATSEE ZISRHARBHAININERR, SRBUBEAN 3%~5%;
STEEE 2mm DTSSR, METH DB ENSASMEERRNTHES, 8
HFEEHPABINC, BEFEEFRAHEEM., AESUTEKED, —HFEESFEAE
FNETHND, ANTRNTASERE. BREEEST FKHEFEE.

3.1.2 BRI A S

BV BE SR AL B e B HIA GH-2e BISEEERME
5, sl f R L EhI AP AT PRI R ELL S R Se il e R
AT RE, FBERIENHLIEFIES .

FEF IS R MR B, EEELMSEORMNES ARG, Frils
LT, BOTEMBKRRARR T KBS, XA EAENENETEE
FROF, FFIkEEEY. 5 AN SSlEBERRg P ENRE e S,

ARSI RS = Fh, Q195 Q215. Q235; FUBIEREERIS A 180 Ry, 210
250, 255 £F). 280 RFUF 355 £F; THHEEEE: 20~3.95mm, SMEMFEHR
RIS BT 15~20 FBAE. FRTFE X 15 00— B0 SR T Lle A<
DTSR S S —, T%, REEWHAE. SIS ERNEREEESRG®ITE
5 EBERENEEABEERIMR, sk RBEIRAE LS SRR R RER
R VR L bR SR A% U A FARAR A% FE SR PG ) B B AR AR E .

3.2 RIGEEICR
3.2.1 HAE

SR EEH REAERES: SHERRIYEEEEE.

1. &HHER

ik

- 14 .



14k 3 T SR B 2 4

SHERZHTEMHARNRNELE, BB (EHMRFETREA ] MeF-3
By, TERMNERNSE. SAMMENERESE, BH4BESEER. BEE
(Tl

(1 Fkgs

Sl ke RS R R R, AR & SR BT L R R .
XA ER AT R, ERFENEENERERTFRNRE, HHENAIE
2, Fr, SEINGNERN4RNE DRARTINYERS.

2) SHRAHKE

AR IERRCASEEHTRE., CAEERH, I—REEES B
AL S (Pa) + BT R FbRHE N R E e B A R A
S EER, BHRTENASANAY, BRUBNERMERNEE (P . K
BTSSR G 28 AR AR B IR, B Ppik. BTl
BEMEREENEY, —RTNBHNSHHERERE MRERIR.

2. PEREIAS:
G SR 7e SR AR O T I R BRI RS R, Do, o 6 F

BE
322 WA E
1. EHERTE:
(1) BERBRARNRE
(2) HARFEBATH B,
() B 7B T IR,
(4) 75 B TS S, RINERRANBOLRIERE ML MR
g ysishay ol
(5) MHSIRESARA.
2. TIFHERERTR
(0 Bie. Zedethad, BEABUEEEKEL S0om iR
(7)) MEEUGRAE: TEEEAFIEEEE RADHENRERN (2S5 01—

-15.



PALE TERER ¥R X

6.3x2000, PIBYE K HRE 6.3mm, "BIERAM TN 2000mm) FICFEEMEIR 24mm %
FrdfE, KBS =, FAME#TES, 94k 1. k2, K3 FE 1. B

2. B3,
(3> #Hif4:

EHLMEKBRAENEEF R L —LHEEA 2om, BEREFHNEE £
204£0.5mm.

(4) SRR

EHF R RSN #EmER TR (S WE—100, iREHA): 1 4
FATIRER A MidraE U REMERRIRLE . i D ITRERIR, WwERTZ

50mm;,

1.

B HRBIEET O HIERRRZIE b, CEM B, (MR R

323 LKER
]. ~ ﬁ*ﬁigﬁ—%%:

IR BHIHAR 353%3.75mm BARHRSLR A RNk 3.2 Fior.

F£ 32 H& 353%x3.75mm LHLALTRZR
Table 3.2 Measurement value of microstructure of scale 353%3.75mm

353X3.75  BEHE (%) BEAK (%) MEE (%)
sEH{E 74.9 751 e

Z‘ﬁ%ﬁﬁi%%%:
RIS IR 353%3.75mm AN 122 REINER 3.3 Fiars.

3 3.3 HH& 353x3.75mm LR S P EER
Table 3.3 Force property of scale 353%3.75mm

R e AR AR JeE AR AT JEMR=R

353 X3.75

Mpa MPa KN %
L1 495 340 25.1 35.9
1 490 335 24.8 37.2
%2 475 325 24.3 36.8
B2 475 335 25.0 36.8
%3 430 335 25.1 38.6
&3 490 340 24.5 32.6
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B T R RS X

4, EEASLEREPEREENMMTSITE

4.1 (LAl ERRE TR 2

ERFAEFEENTZ2E8: REEE. TRERNHGNEE S, BEEENEE
EEAN R AR WE, THBEBEER —MRAER, BRTITEFRIZSE.
FRAGEENERRE, FAELEEFFETRINN, EETENEZRERERE
F. . BA. BEEH. TRHSE, HAMNHEIGRE ERNEAEEMREREIRL
PR RN, FHit, ERHHESBAEREEFRER, EAETRREREL A S
—#, WRAEEHT . FLZRITHIER.

ETH AL RE P IR AR, E BRI AR -

(1) BRI, EFLAEREEN R II ARG, &RIEHAFEET R,
R A, R

Q) HHHE, BNELHRTE AR
R

(3) AWK SBHIRR: BRI A T LR B AR B Ry AN KR B LI
REHENRE, R FLAERETR, BHa &

(@) FERFE: SLUEEET TR R TEONREE- RO R E, ARG
BETE, HAM RN

(5) BEEE, EIELARSLEBREST AN GBEERS, EH4MEELA, A
At , RIR;

(6) BB SRMRRR, AR, BESRENEMN, FH4RHER, BRE
SRAERH, SEREGER TR, Doy, R

X, ALBIITRRE MR Ar ATFOR ALY,

At = Af, + At — (At + AL + AL+ A1) (4.12

R @D 'R, S-ERHEEELE FREZENEERGSERNGR. £
PGSBS, AHKEENARRISIRNBRE N IHENERER, AT
B B BRI B T A R, BT ASUE B R R RS, MRER

SEN TSI, ERELRE TR, A

du b}
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WALE T ¥R A E MR X

Mgt EAE R TEE: IRRE, ERERRET, A5 Ea0RmE
SEEEEEAER N, B Z: RGN ERBEER ST R AEE IR D, AT
HZEE, BHHHEN SERTHAKESER, TRAE NS R SRR
EREMERTEHNEN, MAHERENGE BB REVEFERE. X5F
EVFEALBE R R DU ESH R AR .

¢, =t — Aty + AL, — Aty (4.2)

42 BETEEEINO N SIRE
42.1 FLAEFOELARIERFT 4 A iERt e pel ®

h_ —h
J R arccos(l - 2R ) . —60) 1+,
hf—-i + kr A

Aty =1.83x107° (4.3)

e, p, —35EKAT GHUERD BEASUBIOHHMEE, C (RAERELIIE
FR)
S —85 § WIRELEIN BURTIBE;
v, — 5 ER R TELIEE, ms;
422 BHEHHFEEREA.

lg[1/(1~¢,
A1, = 2300P,, LU= €, (44>

it P

Hoeh, p—TES R (BN o, HAHERTHRNTSRAES, AF%

/I %
C,, — A ERERERER, Kikg- C;

Py IR, Ke/m's

My — BT S IR AL
g, —SLAHESE 1R (R iU BUMXEERE.
4.2.3 HLERIE1RYIG P

VB ENER I ELRERE, ETHHNES AN IERRN RS
ESPH LR/ N 28, 58 TR ESE MR UK A NEARR KA LR RS

-IR.



AL T BB %10 X

B SRR B AT B IE R GFE5 18, RXAEAME ] LAEL T80 Hik H I bR B A Ik
.

ALY B R THARBRRRE R, ASEHGNBRRERE, FHMES—3K
K% 2 E T H RS IS i aE P

AT =225 A (e _74), (4.5)
p-C-V

B ARSI RH, HAEA 0.56~0. 66;
C—4RERE, HEH 0.156 Kal/(KgC);
S—H KRB RS, HAERN 1.38X10™ Kal/( m*K*);
A, — SRS AL, m;

5 P RAEAHAR, m’;

p—H AR, HAEK 7200~7300 kg/m’
FEHRBELN R, BLRENZEIRBEEREIR TR R, SERETNR A
AT RKkE B

Atg, =k i 1077 (4.6)
IE!_ ﬁ"";""rgx 0 .

]

Hep: T—38iEREEZENLVEPILBHFHRE, K
Ty, — AP B FLAILRRIA X B IR IR, s
ko — SRR CNARL, WTREM: k,=19.5;
NFEEMN: k,=17.5.
TIETHE AN F6 (ZEMBRF —REHD HOEEHrEET, BREEAN
iy, HEEAESEARNERME, fThEEREREUK, RkarUH T A=
v Jag= ¥

h \ 1000
Hep: T—R—ERIMEMNEE, K
Z_ﬁgd_wré]r S;

4
N=12.9Z( d ) (4.7
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MABE T ERREFMEX

b —Ri —BXRFAFRIELEEE, mm,
43 THRERESEMATEEIL
2t ENERTE, BRIREE SE R GRS R W

%

4.1 7.

%

TR

ASEPCERE, ZSRRALE A AREREE (C7) MOk, FBEE—R (F1O AALSE

HARZE (F6) Hkb,
1200

SLAHSLEEE T
2 2

3

800

Ao OB X

4.1 FEXAITIRER
Fig 4.1 Rolling temperature of every pass

ME 4.1 FEIR, XNEFHRBELEET, BNMLETELANREURENE, X

BAER, EMEEAAN 180CEL. BHNSHHEMARY, FiE SRS %N

AT

-20 -



MR TERM-LFER

5 BERIEsHR

MEEHLIEREARERR LR, AEGREALAMRERERE, NEREATY
NS RABRNHRS NHREEXEERN, S5l BB A R 8K R &SE
| g R Ak int, WEEAMELELIERE BB 130m/s Bl BMBEGERLRE RIS
PRE BRI AL RIAE] T 18m/s; FANAGESRLMFLSIEEEEZE 20 R m/is. —EFHITE
BEHEARENSETT ORI RSHACEHSRESERE, FTAGESME RS
g BLFRE N H R RRELFISS ., FERXEENERNBESRRUERTEERY
. AFTASZ, BESGELEER, RREESENTUER T Z2WESRNEREHREE
TRAEBEAN, XTFLEIE W& AT R RS R ATk, XERNEMH LS
FHARMNAURFFROFRELAUFERSELZLERR. B LR, TRENE
H14 B AR AL BT R WERR PRI SR R, LT A SRR 2ELITRE
H R BRI P 4 AR

EAKIE, ATIEZBNTIERYE, £t isrEEe ERARE. A
MIRRAR S —B,  SRTITZE R B AL HOBT U7 T AN R B 9 PGS th B P85 A T B
WEBMTYRERNES. RENETETEERNENRK. EX IREEEER
WHREKIERT, ELRELRMRNARM EBINEE (BFak) KA, MEBE
BATFETGERD. Bk, MEEHAEST R, EEUARETH. BRES &R
BEVEYHEHERRBEPERT, PIREFILUBRFNESRINEMERFTERN
HSE N, EAENEENLFNATME.

ATFITE R AN RSB, BT EB A RN RS AR,
B EASERIR T AN 34 PELERP S ERE KN ELSRMERIRKE
Sae NG, VRIS RIS AT TN A TR R TS, AR
Rech ] S TR M ARG . REFL R AR ST R L e RS

B R A 165X 165mm. 165X 225mm, 165X 280mm =F iR HIER
W, GBIk 355mm. BN 1.8mm WA, RPLAEBAE, K
AR, C: 0.17. Mn: 043, Si: 0.23. P<0.017. $<0.033; FHEERN

-2 .



MALE T %R E MBI

130°CEL, HGAEEN 5.0~10m/s ., 2002 4 10 AE A FiRE 435mm 1R
ARSI WE 5. 1 AEMNWH BERFFEAETSER.

—
-

i 5. 1 A EWAANT KERFE A ERER. 1L
ST W'\W‘\ ]
€k§§ ------------ f?\\ 5 ¥4 \1

B st EEHHE FaTanhETEE
Fig 5.1 Plate layout of strip hot mills in Tangshan Steel

1L HE RN 2. 05002 $HELHL: 3.160 MiphBY; 4- —3r —FrpE[HL, 5. KBY: 6. 3N PRESLAL;
7.5 BEhEEE X2, 8. FRIEMHL: 9. #viFr EHWL

5.1 Bt ERERI R
LR, WEBEEMRRAHERNERLTERT T RERSSEM, 4750#EY
TXBEAEARERMEL, EBAKHHEHERERNER. —FAA, BEENEEE
BHEAEERERNERERTER S —RBLERE&N, —£UERS. BEHITER
R TN R R SRR T RERE.. TREERTEN DRSS ERR
BRAAAREEE, HRIE WIZ% RSO FUBT BN R Al 2 R 5155 BR37y SE B BT §L e el 2
AR, DMERTEIRR L R BRI
& 5.2 RAMAXMEH{INSEEERTEIEDGHER. BY Z 4 Zener-
Hollomon %% (z BF) ., BEMETHHE:
Z =¢-exp( Q /RT ) (5.1
Hrp, 6 —REE, Us;
QB9 BIERE, Vmol;
T—FHRE, K
—S K HE L, KJ/(mol'K)
Z. RIgFZHT, HEN:
Z_ =5x10" -exp(~0.0155-d,) (5.2)

) 52 P d, REERILATNRRERIRT, wn: IEBERRALR:, A

(81,

_22-



I 4 2 T B L 8 X

e, =(5/6)-¢, (5.3)
Ak Loop I, N
B —
ya x4
R
L
v
UHZ, Zjn~ B E
!
J/<Z{=Zum*ﬂ e > € >\1/
T X T Xrex
V
<de>=ﬁ.93 >\|/
v Xmd |
v I :
v
K Xoex<=0.95 B X e Xn>=0.95 >\L
THERRACK HRIESEH
V) . _ \’
v
| H% D Dy
ﬁnﬂ X drex Xmd Xsrex D;‘[

x|

B 52 BE&ITHARE
Fig 5.2 Calculating flow chart

o R MEATER, i FRA Y
f:p =i 32 % 1{)-'2 (dﬂ )ﬁi?ﬁ (é)ﬁ*iﬁj ] e}{p(ZQSGfT) (5.4

& 5.2 D, REKERKFIEMIT, vm.




A L BE 2B AR £ IE X

5.1.1 BAELSSER D)

HEdEYRERGERREDAEER, IRT I BTRERERTREA 2 BT
(Z, ) BWRSEmMA (&) §k/NEET A BB R AR BE RN REER
(e, , BRARNHEL

Z £4;.
A
F iy

AR, FABESSAERE. Bkl 7 RTHERNE “BEMERR" , &b
AT A TR B A TR R R R AL & R RIBh S B A R .

AL EESRENSHTRhRAEN —HEEHRALE, Selas™HAL N
TSR A B G RER . FRTSTLUENA P18 C—Mn AN FIE RIS
RV, SABSRNRERN,, REERESEX,,, HEER

d. =10250.27%" (5.5)

= 1- exp(-0.693(2—5¢)?) (5.6)

81}3

X

drex

e, BRA S0%SIAHERNHENERE, THTHE:

£y =6.95x107 - d," - £ *ﬁ}{p(—?—??*) (5.7

5.1.2 FEiAsEERsa®
fn EEEAT A B RNAE L CudlERERIEED , N EEREREREE
REE, XEDATRNTABEREEREERIETIEIERGERRRIESBEK
*, HEKBRNEESBIRS, X3RN EsERER. —BNALERSEREE
ABABNFE Avrami FTEE:
X =1-exp(~0.693(t/1,5)") (5.8)
ek, ¢ RAGETE; T ESEBERTE, R 58PHEM~1: 1, BKE
50% THA B RHRRE, REXH:
tye =2.13x107° £ .exp(133000/RT) (5.9

WA B SRR R iy T algue:

4 -



MAEE TR ¥R X

d  =26x10".Z27°5 (5.10)
5.1.3 BRSNS AmR Il
ARTUAT LG (BELRIBRETIE]) , AR BRI N RIS, B s IR g
ERERAZIIKR, ATEERTNRNAR, XIMIEREHSESR. BARE
BB E RN 5.8, He, BhTRHE,

t,s =3.89x107 .4, .e™* .exp(Q, / RT) (5.11)
PR Ak R R
-d,_=18.51-In(T/973)-d,>°" - &* - &™
u=-05-d," . (973/T)*"
5.1.4 SR AgRIPIOI
¥R REANR, B R BN ER e, R WANESLEES, R
PRE EIRAE, B GAMEEEED, MR RERRE ] R v B R0 SR skt
P KEHIR
d" =d " +k-t-exp(-Q/RT) (5.13)
STFARRES KR, K 5.13 PREHm, HQ WHB{EE 5.1 B7R:

R51 E¥m. kA QOWMAE
Table 5.1 The value of m. kand Q

(3.12>

B4amRE m k 0
A 2 361X107 46300
VRS 7 145X 107  -400000
E 7.5 42X107  -400000

5.1.5 FHBRRTATITHY.

MEREERRENREIBLER, WABXRHBHRTEE “BeE@” HT
B, MELZRBERBANKKERRAD, XEBRBAREE KRR BAF R 5
BRI, B

3
d=>d,X +d_ (1-X) (5.14)

Jrex<> i !

o, LR
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AL T F B 7R

2R

j—B&RBH, =1, 2, 3 7HANESELER. VAR ERNBEH

XEEFIAR (5.14) HHLPRRSHERPIRP R T REEEREHESBRE. B4EH

B H.

345 SR AR RT ROk BR4G B ARRLRT DU R R R 18 BRI EE L

5.1.6 AARELSSRRBEK/MiHHE!S 0

VA
AT R

F&E, (F6) JEH “lIBRatie)” BREK, MBS RMNTEARTRE. NS

25 B R R B A BT RN = R KR 22 . B SR AR BRI AT 18)
(S, BRAKRUMERB A RBEAE, RERAEESFEARIHERE

ALGRATWE, HEWEEETHATRE, WRETRRANELSRTE: FEREEK
TFHIAS R M LSRR 0 F 0 i R A SRR AR BRI E R, BTESI A

Py B PR

P2 dn i)
i

(RERER) HEISEHALRIT, RIEVHESE i -1 RIREIEIRG A, AR
BREERIGER, ArAuHERIBAERKKR, CULER, BEXRIEHHT
(BN 5 SRR R T XL AR B 5L SERR R KRR L. =

H S 23 SRR /D

HA:

d =Y X, d, +1-2.X,)d, (5.15)

i=1 i=1

i — BRI L AATIEENE. =1 n;
n MEREEL R BIARZS S ARIE T A, SSHLE A (] [R]RR %L ;

d, —20F i MEAREE BEREARERRT, b
d,— SR SRR, »m;
7 —BAFHRRRT, um.

5.1.7 SR TR,
% T8 C—Mn 80, EISHEHEAHT, SRAREL LRERKEMF LE

X, SLETEAER R d, BREA

H.H

d, =3.75+0.18-d, +1.4(Cp)™" (5.16)

i d, — SRR R RNE TR R T, v m;
wﬂ]ﬁjﬁr HC/ S o

Cy
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AR T FEM AT

5.2 BESERIMNTRETESEIE

EIRERRE VAT, WS SRRERMERSTEUR 7. ¢, e BTRA
T AR HAT RN, REMESENEHTHERERRERBLSFERKER, &
T R A RN LT IEFEE

i, RRAELESUEEREEBITI R HREEER L, YESWET4
BaRmME&N (HERED) URRBRKEGEHEREE LER X MIER SR EE.
HEli A BS RN BCBERM A —HEXRASEERI . RARRE
Pl RERPIERAENSRITER, WERARS e, Bk ks e
BASKEERTAER. ZETRSHEERENANRYT, AHBEREULKER
WE LIRS, BRI B AU, B EEMRKASEHRRE
T, BEJUAEREE TR RASHEENFENERESFITERERMA. £
P T B EAA B B R R R RN,

E4 Kb, MIETLTEEBRRE T BRI SR G R KA AR SR
Bk, DERESAFEER, SHHETEANR, nugRERgufEa=R
PR R E RS A, WHEPIFEILE| 2000°C/s, AR AERIEESR =&
4 F BRI . BT LU AR A B BRI T BT R B4 AT AR E R A A
BRI CWRTHRIR)

AFIFTAERERI A IIER R T304 HE CMn SIRESRERER, Hik#
BL2 R4 4. C: 0.14~024; Mn: 0.35~0.65; Si: 0.15~0.30; P<0.04; S<0.045; 5
W R N TR TR, DEBERTRBRAFHERPIERT, —RIHIRESEE
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1 %@@¢%§%%¢%%@@=1}:§

2. AR JLERRAEI: A, =h+RO*,

WA BT

3. PN D R O H L >

4, FEERK. -
Sims RATHARIER K Sims FHK JLTBHTREL

_ — h -
G=E1}1—Earctan —E—-—E—\ll EJR In T+l\/1 E"\len l (6.12)
2V ¢ l-g 4 € h h 2V ¢ h 1-¢

He: e—HETFE, e=AWH;

h—5 B O RS, mm;

h,— YR, mm; FAEAEE FRRME: A =h +D(1-cosy);
y — A, ATHET. ERRERAEAES HmAAESE 2

( tan[ arctan 1/ +’8" 111(1-—3)&:‘ (6.13)

62,13 ¥HLHYBLL AL ) v LAY
TR ELI B A GRS A R Koot B A FLHBALE DR EAREY, %R KR

Karman A R 2N, HORBEMHR:

1. fbim A EEE AR A £ ED:
r,=f-0, (f=const) ;

2. FEAER AR R ANEEZ (BLEZAEI0

yﬁﬁwﬁ— s B me>mmmm

3. RBHIENA L OLAFER: :

4. FEAY, HEBKANBM. A RUTR AR A SRR
AL, LT L B BRI 2 B B S SRR B s L4 B

I TR, HAMESBRMMERTE T RED, SRR, SR




] A6 2 127 B i 2 A7 i X

PARSF=E T KmE. BERFRMRERELT BN WA 1o STIBMNRELER
RICFAABRT . ZAIRE R

, - 20-e) b
(-1 h

an.
s

h
M( }:)5 ~1] (6. 14)

Hep: e LT e=

21 2D
5: —_— = —_—
fAh 4 Ah

f-—-m‘lﬁﬁ—'ﬁ HOBERIE, HEN:
. 1 vy 1/68
l+‘ﬁ+(52 - 1)(—)
h, _. 1-&" | (6. 15)
h o +1
L
T—45.BEE, C .

D—4BIFRER, mm ;
Ah—E BRI ETE, mm ;
6.2.1.4 SR T EIELR AR v EAER
ST T E RIS AR ERER, EREF R EHNETRIR N, HiER2ER
fh FRERMAGREE. BIESBEHETHER, F1/h<0.114 WL TESEFTR
A, | 2SR FEES B =E TR ELBIN AR R JURSEE 1/h=0.09-0.14 28], W]
R AR SE LB RSB R ER L TR AT E R & LR AL

-

n, =(0.14+ 0,43%+ 0.43 f;—) (-i; > (.35) (6. 16)
/ h l

n,=(1.6-15-+0.14-) (— < 0.35) (6. 17)
h ] h

n, =2.57 (—i-‘ <0.114) (6. 18)

Hp: 1—EXKE, mm;
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h—H R N EE, mm,  (ESCHEELBIR AR RE)
622 BHARATHE
LI ELAR A ARG T LR NS, H BB 5, R IR NB) A,
FAS HE BOES R P B RBR D, S =4 ms) ] BeE
Nyl o paysalioga g £
W R 3 1 4 ER AR P RS B LA R P B0 0 B R R AR B, BRI PP K BESR IR

Maui F: M, r-u»;—)fi%—*-xdr:}’xdlel

Hp, pP—F#10, KN;
dlm$l.l$§ﬁ%ﬁiﬁ‘?ér mms;
£ —H ARSI B RS, HEET 0.003.

AT BRI My M, = {ﬂi = 1}

R RS R i LRI TR RN

M, =Mty g, = M +(_1_.._.,1)£z..
i in \n i

Heh, oSSR, —RNHEERRE —REX 0.96~098, RH{EEH
EY 0.85~0.90,
2. R IERIHR:
o BB R RBRINEE: M, =(0.03-0.06)M,
Hebr: M, OENMBERE. M, =N, /o (N, VEIBENE: o HHEIE
B, BALRIEAY .
3. FLEIAERITS:

M.+ M,
i

M,=2-P-ly (6. 19)
Hev: [—FRXAKE, mn;
r—HBEY, ZEMERERTERSE B RENEW.
4. EENIDHERHIHE:
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Fig 6.4 Effect of rolling force afier modification in different scale
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Fig6.5 Comparison of rolling force before and after considering recrystailization of
scale 205%2.75mm after changing deform condition
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Fig6.6 Distribution and comparison between values of caiculating and measurement of rolling force

in rough and finish pass in 205X 2.75mm

-48.



AL B T B AT X

o200

3
Lo

3% h éﬁxm

° Rt K2 F1 Fz2 F3 P4 F5 ¥6 100 200 300 40 500
¥, ¥ & % IHE KNX10
(@) FLEIEDIGAE XK 73 (b) tHE SRR

67 353X3.75mm ., BHSEMSAEINSHEITH SRR

Fig 6.7 Distribution and comparison between values of caiculating and measurement of rolling
force in rough and finish pass in 353 X 3.75mm
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Fig 6.8 Distribution and comparison between calculating and measurement of machine powet in rough
and finish pass in 205X 2.75mm
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Fig 6.9 Distribution and comparison between calculating and measurement of machine power in

rough an finish pass in 353 X 3.75mm
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Fig 6.10 Column of rolling force in rough and finishing pass in scale 205X 2.75mm
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Fig 6.11 Column of rolling force in rough and finishing pass in scale 353 X3.75mm

- ogm am ew - A g W - - ok e ey W W

I G L

---------------------------------------

----------------------------------

- b= | P I R

- e o -
- - -

1100 | &3 B TRERIRF HTHRE R St

v 800 | 85 9z 82 81
- N

RElL RL R2 FEL F1_F2 FE2 F3 F4 FG& Fb
BomH ik

B 6.12 $L4%0 205 X 2.75mm B, FEELFIEREHRAER
Fig 6.12 Column of machine power in rough and finishing pass in scale 205X 2.75mm

.51 -



AT G B T2 B i 3 i X

Fig

&I RTRERR M I E At

107 9% 86

66

(£

R2 FE1 F1 F FE2 F3 Fd4

2
¥Lo#) G R

B 613 LB 353X3.75mm BYR, FEELEER BRI EER
6.13 Column of machine power in rough and finishing pass in scale 353 X3.75mm

RE1 K1 F5 F6

6.10~& 6.13 & 205X 2.75mm & 353X 3.75mm &= 5 B B8 I ELENE B 53,

B AR A . mERR, EFEFLSIKREFR PR AR, FRTR &
HAE T FEHA R B RIES, BRI EREL S R B P46 (A 6.11 A

6.13 Fias)
¥, {BIER%
205 X 2.75mm
PLART IS5

A E ERAEAMMRANEE BRAVBEAREAEREES . FEE
R ARIEHA AT RIGEERE. W 6.10 M6.12 frr, kiLk
ER 353%X3.75mm, FALGAREKEFHTREEBILE L FD) , A
KW REEFHE=R (F3) .

6.4 MTEE D&

TZ. &R

HAGEFLETFL AT RS, SNBSS, P K 5L S mrH X
BEt, A% BEREREE I AMMIALRMRRN, B4R

ARDEHEERTRREBK, ZXANSERABEHMSHX . XEFRASBU

T4k

1. S5HEFNTELBRETEME, ZRBES SR FLRAR R RE R

A N SR

& Bt

2. B4

EREE R HRK, BESRARS R RENAR” WNELBIRAT R

-52-



WAL TFEBRM T EMIR

HAEE, BEERTTREAE, UNHBEATEEENRES AfiERaaE .

3. SEEFANPGESLAELRIE AL R BOEA Sims . RN BCRA A Rk
KA RERESBERRUNERRESY, FEERRERBTZ B ELINES
TR AR R . HE R0 TR EE

4, FEFWHEFL LIFR “PRE” FEHRr-Re, BUTHRELEIRREHLIAER %8
hEBEIY, XRURABEMRERER. WERE, BENEERARETRE
BIERE,

5. BB HEEAEHERE 205 X2.75mm TR R E R 353 X3.75mm, ELHAAS
RS RAERIE -4 (FD) , TTHRHARKMEERY RIS =4
(F3) .

~53.



PAAE T ERMEZMNRX

7 FLH At = s E R = RS0

BEE T XA R K B ARG I KBRS, AP R R EK
WEckEE. HTEFESX EARSRTILEHNMNERE BIERA, WEHEFMH R
BESTHALERKERE. R71 BERK=SHEPIEN R SEFHNAZ LR,

2 7.1 PELEBRWR T 5T R A EMNE

Table 7.1 Thickness tolerance between broad and narrow strip of carbon steel in hot rolling

B, mm 1.8<h<2.8 28<h<32  32<h<A2  42<h<55
R W AZ, mm 10.17 +0.18 +0.23 £0.27

EE, mm 5030 3.0<k<5.0 5.0<h<6.0
B W N

Lz, Im + (.20 +0.24 +(.29

RRAA, WTFNEEEFTE. RERUEER ERKFRERE, NEHREE

FIE KA AR T 58 .

AFTRISN, AT R R AR /N RERT, TERIRAET LR RE L E&MTH
HlEvHeN, HFFEHEEZBIREAKE, RENERTERIEMHEN. TR AN

REZTHRFERNEZW, FNERETWER, BXmvRwNELNRERNRILAE.

—RAH, BT REEFHEMLISL, BEFNRDEBRRTEGIES, TH—UIEW
FLIE 77 B D AR A B H R

H il e EER AR T RIEENZR, BERTBRENGREAR, 55
REFREEE. SSWRRST RSN RIBERERERN ZEERE . FHikkE
PR LIS R D BES B, BAUELULRIRE, HEMRTIORHESE, ARG 5 R HEX &
BN HIRT R R R ERER .

A RUERERPURE T DB ARRER L, FREFEER LW 0550 ZHP4L

Hl. ©450 “ERFENLA D300
FEEITEPEL RN,
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H T RELE TR R T2 RE&F MRS,

FRFWLINIE . B BRI, FEXT AN
K AT 5T R, WL SRE T RIS N A AR TR
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WABERERNERAONT, BTERNNERBRORS—2, BAERBRTR
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LIRS e f R 2R, PUIREMBERE AT BH AR, MEWAEFLPNEEE Sk
REZNERET THNFSE TREIITHG L.

7.1 FEwRAELESL. BIRESTEER

LREE FERHTHAAHGIIEP K, BRIt LIrEshatEHe, #5H
REREET L.
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(1) AR RS E NG KA D EE R,
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A], MEEN (43) . (44) . (4.6) HEHIALEAESHEME. B P

FBRF, BEZERIELTERE.
2. BEEERFETESR.
(1) FHEHAGFOETREER AN OEEYE;
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Fig 7.1 Calculating block of rolling force considering elastic stave
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RFHE 120%) , TESAFSBRREEEANG=E FI. P20 F3) , K P as
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BAMTE (RKA 4 KB, F3 BIRALIAEA 114%)  X3REH, FHPUEXDEHKAEX
WAEE, AMAIPRERZEME, BATHREMETLREF P BB il L]
BRI R ANEER.

R 72 PEBEEHS E3LFRAB ARy EBRITE R
Table 7.2 Overload of end in different work piece length

LZA4t KB KB AR HNE  SNERaT B
mE KRR Bx KEE iR Khgr THIR K Efar
hXb m m/s C mm (%) (%)
3. 75X 4.0 5.6 55.5 0.14 R1-R2:F1-F3 135(F1) F3 108 (F3)
353 4.4 5.6 58.4 Q.15 RI-R2;F1-F3 137(F1) F3 120 (F3)

5.0 5. 6 62.6 0.18 R1I-R2;F1-F3 139(F1) R2. F3  125(F3)

2. 75X 4.0 9,2 65.6 0.09 Fl. F2 120(F1) F1. F2. F3 114(F3)
205 4. 4 9, 2 68.3 0.09 F1. F2 121(F1) FI., F2, F3 115(F3)
5.0 9,2 72.5 0,10 F1. F2 123(F1) F1. F2, F3 117(F3)
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Fig 7.4 Comparison of calculating and measurement value of roller sew
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IIT = (19 +11.5d,7'%) + 44S8i + 2.2(% pearlite} + 919V -N , C (89
He: X BBEAHEE S
C. M St-w%—& TREEE S
d, —BREHFRKD, mm, TTFR 5
d, =8+035-d,"
BN THHEAE, mm, W TAMSE:
s=0.018/996-8), 8 WERILIABFATTIRE, C.
8.4 LHEFIIEREL RGO

B 8.1 RETHHNASTE S RINR 8.1 73 82 iy

% 8.1 BAFHHERRER WEA LR
Table 8.1 Comparison of caleulating and measured value of microstructure

BEE (%) A (%) REE (%)

seqiE 749 25.1 —
HHEE 704 29.6 0.6
3 8.2 {ERE MR RIERG LA

Table 8.2 Comparison of caleulating and measured value of property

REGRE &R BEpar ss R OROEM

Refpm %8 Reosm % S0 mroE

SEHE 15.6~11 910 335 4842 363

HEE 30.48 71 9.82 103 351 5021 29.1

8.1 F 82 PHISEIEIE REI IR (FRR Q235) HATHTEM
MRS, F 2% IR AL, REEEME TR ETINASSHBE T 44
R E DR, FIRFETRAENIR, WE 84 Fir, THNILELTHBEEYE
WEKE ARG (A5 34) SEEAE8 (A5 14) , STPERETERKY
BI%MELI/N T 25 6%, BRI RS, FHARRME, WELEIEESARE T
HAER, HERRARMMNHRT SRONERE, TESHEERERETY
HEFEAR.
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Mg A FEELVRIER SR

P g FE1 Fl F2 FE2 F3 F4 F5 Fé
1 LRy W 32 230 230 16 230 230 230 230
2 L A1BE MK 1.2 8.6 8.6 8.6 8.6 8.6 8.6 8.6
3 LEVEE mis | 09828 | 0.1-23 | 1.5-3.5 | 1.854.5 |2.29-5.38(3.06-7.22| 4.1-8.93 [4.52-10.0
4 | TYF8E mm | 480-440 | 480-440 | 480-440 | 480-440 | 315-290 {315-290)315-290 | 315-290
5 | XFRER mm 480-440 | 480-440 | 480-440 | 480-440
6 | HEAOMmm | 70-510 60 60 70-510 60 60 60 60
7 B EHSE mm 220 500 500 220 520/500 | 520/500 { 520/500 | 520/500
. R Ry R} X4 T/S T/S T804 T/S T/S T/S T/S
mm 200X 10 | 200X 10 200X 10 {200X 10]200X 10]200X 10
9 | EAEEmms | 29 0495 | 0.495 2.9 0495 | 0.495 | 0495 | 0.495
- 7355-4A | Z710- |Z710-630 | Z355-4A | Z710- | Z710- | Z710- | Z710-
630P P 630P | 630P | 630P [ 630P
10 AL Kw 131 800 75 800 800 800 800 800
3% ¢/min | 360-1200 | 270-800 | 270-800 | 360-1200 | 270-800 |270-800 |270-800 {270-800
BEV 400 660 660 660 660 660 660 660
11 | ETFEBEAHEES |JPz-1.54|22)-804 | Z7)-804 | 2Z)-804 |IPZ-1.5-4|ZZ3-804)|Z73-804|ZZ)-804
WE Kw 15X2 [ 15X2 [ 15%X2 15X2 15X2 [ 15X2 | 15X2 | 15X2
¥4 r/min 1440 [725/1800] 72571800 | 725/1800 { 1440 [725/1800{725/1800[725/1800
12 gL 8.17 5.41 3.55 4.5 1.55 | 1.24 1.0 1.0
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