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Thermal Study on Possibility of Direct Rolling between
the Continuous Casting and Hot Rolling Processes
Jun-ichi KOKADO, Natsuo HATTA, Hirohiko TAKUDA and Ryozo KITAGAWA
Synopsis :

The possibility of unification between the continuous casting and hot rolling processes has been investi-
gated from a point of view of a slab temperature. Then, we have made a numerical model to estimate the
change in slab temperature from a meniscus to a crater-end as well as the growing process of shell thick-
ness, and calculated the temperature process of slab and the position of crater-end under various
conditions. Also, the effect of the thermal insulator, the casting speed and the width as well as length of
the secondary cooling zone on the slab temperature has been studied to find out the optimal condition for
producing slabs with a possibly high temperature. Next, we have numerically examined whether or not the
slab transported directly from the continuous casting machine is permissible to be hot-rolled under such a
temperature condition. The results so obtained show the possibility of direct rolling for producing hot
coils thicker than 2 mm.

Key words : continuous casting ; hot rolling ; direct rolling ; meniscus ; crater-end ; temperature calcula-

tion ; solidification.
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Table 1. Thermal parameters used to calculate a
slab temperature.

Pouring temperature 1550°C

of liquid steel

Liquidus temperature 1528°C
Solidus temperature 1494°C
Latent heat 272 kJ/kg

of solidification

Steel density [kg/m®]

7900—-0.4+ 8 ( # =250°C)

Heat conductivity

54.7—0.0342- ¢ g 4 2850"0;
of steel [W/(m*K)]

16.3+0.0109- & ( 6 <850°C

Specific heat 0.67 (6 =21528°C)
[kJ/(kg-K)] 8.67 (1528> 6 =1494)
0.67 (1494> 6 =950)

0.66 (950> 6 =900
0.84-0.0035+( 6 -850) (900> 6 =850
0.80-0.0007+( 0 -800) (850> 6 =800
0.87-0.0013-( 8-750) (800> 8 =750

0.67 (750> 6 )

1300 900

Casting condition : v=1.5m/min,
Lw=5m, Wc=125m

1275 - 875
£ 1250 }ﬁ Jeso €
E o
[} [0}

1225 | -825

1200 L L 1 L : 800

O 100 200 300 400 500 600
8:,s(°C)
Fig. 1. Average temperature §,, and corner

temperature §c of slab with changing in tempera-
ture @;,, of thermal insulator. Note that the
points denoted by solid circle correspond to the
case where the thermal insulator is not equipped.
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Fig. 2. Relation between the casting speed v and
the distance from meniscus to crater-end Lg for
the cases of three kinds of secondary cooling length
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Fig. 3. Relation between §,, at crater-end and »
with Ly as a parameter for the cases of three
kinds of secondary cooling width W, Solid and
open circles represent the cases where Lg=35m
and Lg= 40 m, respectively.
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Fig. 6. Outline of mill arrangement in
three quarters continuous hot strip
mill.
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Table 2. Draft schedule, table length TL and DL,
and material length ML in the roughing train.
Ri2z Rizz  Rizz R Fo
Coap,thickness 250.0 | 180.0 [125.0 | 85.0 60.0
VE;:fC*;‘t‘yce(m/s) 1.0 1.0 1.0 1.0 —
Exit velocity — 1.39| 1.44| 1.47 1.42
m/s
TL(1)=51.63 m TL(4)=49.64 m DL=69.37m
ML (m) | 15.38 | 2137 [ 30.77 [ 45,25 | 6410
TL(1)=43.93m TL(4)=42.10m DL=58.69 m
2 (m) ] 12.82 | 17.81 [ 25.64 | 37.71 53.42
TL(1)=36.24m TL(4)=34.56 m DL=48.01m
2 ML () [ 10.26 | 14.25 | 20.51 | 30.17 42.74
TL(1)=28.55m TL(4)=27.02m DL=37.32m
B (m) | 7.69 | 10.68 \ 15.38 | 22.62 32.05
TL(1)=20.86 m TL(4)=19.48m DL=26.64m
ML | 53] 7.2 | 10.26 | 15.08 21.37
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Fig. 713, A MYy 7HEH A ERAIERE 6r,=
830°C * HER T A DL E %, MHEEMARMOERE 05
(°C) &, ZOBRMTWOPALZR/RARKDOAT 7THE G
(t/m) £ OB %RT. Fig 8 1%, §,=830°C % Fff
Lzt &n, Ay 7THRBORFIELRE 650 & G
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NBEEE 2. BFEERE AR LD DERMOITHAE
D TWVABA, Zhid, RNy FERPSIA5—12
EExAI s E, 0.4m/s2 THIE S L, 12m/s » 5 18
m/s ICHEEERTVWELLTH A,

5. EXRETEOTREMICH T B

A CEEOFIRE LTV 2EFRMIC L > THRES
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Fig. 7. Slab temperature §p at the entrance of
rougher required to be hot-rolled with variation of
acceptable maximum slab unit weight G. Note that
the final rolling temperature §r of the slab head-
end is kept at 830°C in cases of final thickness Hy
= 1.2 mm, 2.0 mm and 2.5 mm.

10 15 20 25 30
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Fig. 8. Variation of final rolling temperature @ rr

of slab tail-end with slab unit weight G. Note that
it is computed under the condition that § is kept

at 830°C.
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#BAERHIEL, X5 7WHOBES M 2 —LT5HZ &
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Fig. 9. Temperature change at main points in slab
cross section during transportation from continuous
casting machine end to the entrance of hot rolling
stands when the thermal insulator covers the whole
slab section.

BYZEIZ XD TRAT TWHEOEEEZ/NELTAHI LN
EibhA, TR, YIS zAT 7% 800°C
RIBRICHALTHREX L2 L &, BRICA T 7HIE O
BESAVFEDL )L BIICOVTERL .

Fig. 9 i3, A= 2% ZH 5 44 m HEH 7-ALE CTYIRT &
N7=2 7 70iRE (Fig. 5 $8) & #XEE OB
AT, AT TOREMBER, —EEELLE, @00
WETFTLTWwA, ZRISHLT, FOLIREEY»%2 028
WKFA2Tw5, #kFE % 10min BEICTE 256
%EZAHE, AT TOVHmMER 1140°C BEL 2D,
LLREEIRR 1230°C TH 5.

DEWE, TOATTRETHEETRICERXRTE L2
DOWTEEL. Figg 7B 345¢, Hp=2.0mm
DEy b AL NVOEER, HEEBAMTORZ Tim
FEAT1040°C LLER SWRETH . EFHHEL HE % S
N7 A7 7iEEIR 1140°C TH Y, HEEEAMIRE
ELTRBHRTHAHEEZONLD, WEEHIEOMEE X,
PRI T (Fig. 9 28). BRI FEm
B EORPFTMBAIC X ST, IrERE I CIREME LT
IVENHS.

Doz ehs, 20mm AEDKRy F - 24 VIZE
RIFEDSTRETH A LMW CES. LA L, 1.2mm 2
EOEMORy b o T4 NIH LT, HEERS AR
EZ T 7RER, Hr=2.0mm OBPEOFNRID
180°C BEGWRE R L 2Tk 52w (Fig. 7
W), 2hi, 2.0mm LEDKy b a3 VDBGE
WHART, AR ABELEHTH L. EFHETA FrLE,
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ZOME Y EIRT AUEO S, BRME £ 1T 5 LU,
BEAEBIhTWRWL, —F, BEY A Fhbid, X
BiE11) 12) IS RONB LI, WL ORDIRE
»HHst, ¥, Fig 7THobhrb LI, EETEER
25 7HE G55, 20t/m LlEoKE % SIEFRE T,
Hp=1.2mm OFEEEEBECTH S5, G 15t/m LUF
OB, ToRIBRHMA LT LX), B
DFEELTEETHA . A7 7HERICAETLIES IR
DERESA E WA LTEEY 5%, T, fEEER
MRS ERINBAE B & R, TR e R RRBRICER Y S
CELEMTHD. SHRINSICEL, SRIZAERICE
LIRS, EE RS LR S HRORES % E
LT, LOBEBLRILFAATZVEERZ TN,
6. # ]

REFZeiL, ERESEE R & B R R O AL O]
Ber, 27 7ORBELEAZEVCTRELAZDOTH
5. MTROBESELYEBT A 01003, SHEmost
LCit, ZL—%—+ v FCOFHIBEITELZRY
BETHDH I LD, BRETRIIBV TR, (L EEERA
DEE% Ar, ZEEMEICRODICLELR, HEAHM
BEZWEZBVIKSTAZENERSNS.

HHETRICBVLUERER 2EBL0I0E, 1) 2X
HHETCORGBIZOWTIE, X T 7RIS % mHIE
DIE 85 % M EICHEL, HHEEE LT R
AT LE, i) BESUBOSEET M1~ T3,
25T a—F—WOREZRRTH O, XDEHRD
BB N— % BETHEHET L. LROSEM L
frLEs, ZL—%— LY FTORT TOFYRE

X 1250°C LAk &2y, a—F—@mEIE 900°C REZ
HRTES.
BIETROAMBRE 2K T520101F, 1L A1 -
F—=TNETON—BEE2RELSEETHILEIFENTD
5. AL EHE 2 mm P EOBEICE, ABIRTERE
B4 1050°C Tdh Y, BEXELEZREMICHTTRET
A, 77U, HE L BEE O W B ORkE TR T,
REMACET AREEE R O, HbsvidttEE
WA A CHPRIES R BT 5 Z AL ETH A, L
2L, 1.2mm BREOHY OB EEIEE, KBBIERHE
KBV TRIBENBE 2O 0 E L. LEORX
FEBoZHIC, REENY - BEBEAOMBF L XEL,
A G TR EREREATRE & 25 X WX
B EEEITNS.
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