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The Technique for High Speed Casting with High Availability

in Slab Caster
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Takao KoSHIKAWA, Yasuhiro HABU, Kanji EmoTo, and Yoshiharu IIDA

Synopsis :

A new equipment has been developed for wide range slab width changing during casting with con—
siderably high moving speed of narrow face by utilizing suitable taper setting of narrow faces in mold.
Combination of this technique and sequence casting of different chemical compositions has realized high

availability of up to 859, constantly.

On the other hand, the improvement of some equipments and establishment of suitable casting con—
dition have assured satisfactory surface and internal qualities of slab in high casting speed with superior
machine characteristics such as multi bending and/or unbending and divided rolls of small diameter.
Thus, almost all the casts are directly charged into reheating furnace without any conditioning for the pur-
pose of saving fuel consumption in rolling mill shop. Additionally, typical operational accidents such
as break out and nozzle-clogging have been overcome by the improvement of casting technique.

Therefore, Kawasaki Steel Corp. has succeeded in increasing productivity of slab caster remarkably

at Mizushima and Chiba Works.
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Table 1. Chemical composition of cast steels and casting conditions in this experiment,
Continuous Chemical composition (%) S:E?iscsm Casting sirc?)(:-ludr;tq?f
casting speed .

: . of slab . cooling water
machine c Si Mn P S Al (mm X mm) (m/ min) (l/kg—gstccl)
No. 5
. L 0.12 0.15 0.60 0.005 | 220%x 1215 0.9~1.8 1.5~2.8
in_Mizushima | ™, 2 ? | <0.03| <0.02| e
No. 2 in Chiba| 0.19 | 0.25 1.20 0.030 | 200%1570 | 1.2~1.5 1.4~1.8
-z s N ) 03 3 4E . S -
%%Lﬁ.z 57D 601@&7&%&1:}75 B oo TR W [ Eree | Light| Heary
FEERENS. % 1.0m/min % TOHEEETON =6__[o .
. =< =10 | O 0
WEHh BT 2®ERS 039, 1.0m/min % #8% 53} 30 >10 a A
HOWET P, & 2 T1L, CEBRHE < HKE o
FHEOE R AME R LT 1.8m/min # TO 25 8 o
BEREYRE L TE hER, KENMEDS LT o
KREHhCHET MR L5, 20l °

2-1 RBAHZE

40~50 kg/mm? R AMAA R E LT RBERX
WHhEDKE 5 S X O EER KB ERTIE 2 S5
THREBEETON. FicElgMFyx Table | wird. B
MEREBE LTI, A7 7R XOBBEO YA 7 5 —
FY vk (AFSZY »1b) THELR. Fih, PEHE
NOREEGERRI A HEC T B, £ =A% AT 16.4
MG Te —A Y, F53437.5mm Lk E v (20
it Tcor — €y Fik 220mm) FIE 25k
WT 1.2m/min OFEEERECEEL, LML TR
IR E BEEe 00, PR ELA 1450°C ofif
Ni {8, SHUPEARRIRER 1505°C @ SCM 4 s L,
BEBCVEHERTCH ALY, —oEHUBR TR
BEKERIE L), r—3RA 51 vORBIZED,
FRE L AEEINh O EE% BFIET~<< B L. BE
®, A5 7RMEC KT 5 AMEhEERRTE © VOB
AR E R L.
KENFEHCOVTIL, gER D26 S~10mm Eoifk
vk L, XRESETHERE 20 Eod
DEFELI. AT FEREENISGEEERRE L.
2.2 RREBRBIUER

2:2-1 =3 7AHER

(1) BEEROESE

AKE S FETRT, AMEIRICE LI TEEERE,
“REHKERS XU EFSEO BEY AE L &Ry
Fig. 1 i3, ARSI SEEEED B & i
FRELSL T ABH, ZREHKLOEEH L FT,
BFEHEE (9c m/min) TR U CTTREHIAR (Wi/kg-
steel) %, ()A*BRTHIS>SKHETB LKy
AMEINFEERBHIE LB D & DR B

Amount of secondary cooling water W(Vig-steel)
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Fig. 1.

Effect of secondary cooling water, casting

speed and sulfur content in steel on the internal

crack of slabs,

€
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Fig. 2. Schematic representation of the internal

cracks in slabs.
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L, BERERCH LM ER Y FEE EEIET
BT B EBHEEY, 4) OBEERITIO—HEAI
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Tahle 2. Internal strain at solid-liquid boundary of
casting slab at 12m from meniscus.

Position
A B
Strain due to
Bulging 0.11¢, —0.0289%
Roll-misalignment (0.5 mm) 0.259, l 0
Thermal stress —0.0032;, 0.0082,
Total 0.369;, —0.022;
Solid-liquid boundary A
NI AN
0.5mm
Spray
374 mm
D28 /1 1
e="5 % R2> e (2)
T, eXBIEE%L, DIFHHE, SIHBRERE,

Ry, R; B ERTROEHMFEERT.
FESREO—FELT, KESSHED 2 = A AT
L2mofiBickit s, AT 7k 220x 1215 mm, g%
MEE 1.4m/min, k&G HEKE 2.21/kg-steel, v —
IATFAAVE (B = ADFHEDAAS A VX DHFfT
I RhcERE) 0.5mm OLKHTTOr —ARMICEIT S
£MDFELEY Table 2 wiRd., SN2 v IBXE IV
AT FA AV PEIZR e — & DEMEAATRAMEY
~L, ZDfExthZh 0.11%, 0.25% TH%. #HFE
HRIEATVABHC I DIREDORET D r — PR A
BTelRAkEishH, FODEIX0.008% LAy vrees
A7 FA4 2V MCERTAEACHEKETHEERCTES
BENIV. RIZ, 2= ARABLOEHY <7 £ — %
E LT RBEEAOHEB %, 25 71 X 200x 1570mm,
—WwEHKE 1.61/kg-steel;, 3 2754 41 0.5mm
ELLTHE2ZSEL, ARO&HITRTHKES 5L
X LT Fig. 3 Rd. ek, TEZSEOWT
FevFe—FP Toer -1, F % 437.5mm 2
333.5mm LHFELIHLEDLDTHD. AUV IE
Aix, KESBEOBE, #=AHATH ImTHEKE
¥W0.2% XRT oL, TEZSETRITHIRENE
{, TOMREGKE S S0 0.06~0.2% 1 [tixT %
L 0.05% LATFTHh, hr—nvey, FEBOMELIH
EThHDH. —FH, IATIFAAVIEIBELRIIVTR
OBEHBBCEWTHZ v— —FERTAIL 2R TK
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Cross section of slab : 200 % 1570

Amount of secondary cooling water : 1.6Ykg-steel
€m:Strain due to roll-misalignment
£b : Strain due to bulging
€u : Slrain due to bending and unbending

strain
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Casting speed * 1.4 m/min

Fig. 3. Internal strain of casting slab in solidifica-
tion process at different machines.
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HhuFE L. Fig. 413, SO X3 LTHELLER
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Fig. 4. Relation between calculated internal strain
and occurrence of internal cracks,

(R 92mm) Ty 0.3% &, V1 pkE{hdL L
iz, BAEBHZITIEL KB, Zhu, Table 3 &
DURLICL O, VENRKEL LD E LIV iR
ERNELfehtcd, FY o4 4RI ARSI

b, > MnS g CoERSESWLERLEL, Pl
DRMYWTE OB HBEr K E S LB FORER, Eh
BEUERRELIELWERTAEELDRS. 2L
EECREAEEREEOFERGBFILLTBDT, h
LOFELERTHLEND S 5.

2:2.2 KBFEBENEY

A7 7 LA I AEE 250p L Lo XBIN 7
HOMBOC I LT T HEERE, SEHREoEY Fig.
5 Rd. EHBHEEBOSE, HERENN 1.4m/
min LA Eies & KBNEGI ST H0TR L, 2.3
mOBRERY AT 5HEEBTHHEEE IR, SHEEED
KEAEGRIMAFC S 2 5B/ chit, B
W7 - ATORBNEWFLOWS S =T a7
A VRKESFREINDEE EXTBT B DT, LD
Ao TR BB TR T 5.
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BAERZRT?. chiz, BCEBIh W55
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Table 3. Comparison of dendrite armspacing, mean size of sulfides and segregation degree of phosphorus

between dendrites in the slab.

Distance Armspacing  (pu) Mean size Segregation
from surface of MnS degree
(mm) Primary Secondary (g) ‘ (P/Py)
52 1200 | 222 3.45 3.00
92 1750 { 328 1 6.02 6.08
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Fig. 5. Relation between number of large inclusions
(=250u¢) in slabs and casting speed at different type
machines.
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Fig. 6. Relation between large inclusions near sub-
surface of slabs and casting speed.
(Vertical-bending machine)
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Fig. 7. Relation between casting speed and facial
and corner crack length. (40kg/mm? grade heavy
plate and hot strip)
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Fig. 8. Relation between surface transverse cracks
and slab surface temperature at unbending point.
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Fig. 9. Relation between slab surface temperature
at unbending point and casting speed. (Specific
secondary cooling water 0.45{/kg-steel.
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Fig. 10. Schematic diagram depicted how the slab
width changing is done during casting.
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Fig. 11. Temperature measuring points for copper
plate of narrow face.

Table 4. Casting condition at temperature measu-
rement of copper plate.

Casting speed 0.8m/ min
Cooling water for .
wide face 2500 ¢/ min
Co?ling water for 400 [ /min
narrow face

Width of casting slab 1000 mm

o] L} A A

Widening speed 4.5 4.5 6.5 8.0

= (mm/min)
< -

With or without | With- . ) .
§ increased taper | out With | With | With
=
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=
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13} L ™,
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L -~ =0
el -l - e o

] L 1 1 L 1 i L

—> Time (min)
Fig. 12. Transition temperature of narrow face at
widening.
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Fig. 13. Magnitude of driving force during width
changing operation.
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Fig. 14. Relation between flow stress and strain rate
at width change during casting.

BEUFFHREC e — Ve V2 20A LR EE R HZE Ry D
SRR IR PIE Lic. shi&dM, SRk, 220
x (850~1550)mm, gEEER, 1.0m/min THbh, IF
fhkds X OB AR O OB EEE TR £ h 0~6
mm/min, 0~10mm/min * L7:.

e bk IR A ER O K HWEN % Fig. 13 iR
BREDO—HDOAEBH I LBERETH, KN
O FEREN THRE S h, HRNEEROETF
IRl VEWPELT WD T EARERTES.

LFEROEE»D, EREBBICKT 5 REROERL
LR B > T—RIAE LD SO EEEL, B
EREYHEFOEMBIN L EALEELOBF TER L
to. FoFERw Fig. 4 IRT2, BEOHKILRFR
B ED bR, TiOERRIE LR,

G =% DIE0-M i e (7)
o BEREH, ¢XELEETHS.

AL LHE SN S0 ERMER, Fig. 14 o

freR U 1350°C kit s P J. Wray®, RKTH

L,

PWDRERRLE IV—FHFRLTH Y, BRI KT A
OGRMEOHENE LTHHODEIDEV LS. X
tr, AERREUEOERED A S FRITIIAI OO RE LR
HohT, BEFEEHMKOTEMIER IR TS LW
z5.

3.2 RiNEEE4 Sk

fif kT & DK X B S ol w BT 5 B
BT, 2vFa4y Y TRPEBLEEEOR L %HS
FEREED b—RUCThhTwb. LML, BET
ESEMH R DI KIT X e o b OBESHESEA
Fedd, BT s o vablch DMkl — PRUTA —
F—tR EOBERC X h—RBHSho2Hnb, 2 vF
4w > o ZRHRBEIT O A R A REFER I ¥ CIR KT 5
SERELTE. ZOHTFDOTIR D2 D#EE
290260) 3 gy 5 A%, B RS R S B fh et 4 B AT AY
KEW EDHENFETS. LITT, 2VT 49 Va
S L IE IR O FIE T RIMREHE 4 8653 AT RE TS BT % Bl
F L.

Fig. 15 2z Dff 0B E% R LD THS. fie
— F OFEETH, BRI X &Y L BT A RS
PRAL, SBRANTREY BRI CEHRS ORA %
kT3 EED, REELOEBMYRe -+ OB L3k
OB X e BT TAbOTHY, HRkD2 VT4
v ¥ 2 B LI IERIRRE O S I N R P B ED 5E T
L, BEANOATLNEWELEITETHS.

FLYMREIE 4 $5 % M U7cgE i OB sh i ds v 5 Bl
A O HER IR Y, BapOEa s 10mm Zo FY v
YHAGCTHOWAY v 7 AR UAE L. LORRD
—@l% Fig. 16 WiR$H, WAoONHMITLETHS.:

4. BESHERRERTORBAOER

HEE D BEIERE 1% 1) | X8 B Kl R R B D Ak
BIFBEILATO X 5B EHNTE 5.

1) 225 Ulc b il O TEL

2) Fi—A—EAbich)DH L — P ROREK

WSS\
NN
\ﬁkmm

NN

Z

EESSSS

End ol the
first hecat

Siart of the
second hcat

Dipping of
coolant

Fig. 15. Schematic representation of sequence casting
between the heats with different chemical composition.

— 102 —



AZ THEGDE

!5 A 2R 85 1 B 1143

Content of chemical composition

AR RN
otk Lol o-B-o-B=tt-0- él
Nb ~— Casting direction.

'h Previous heat New heat

Wi IR

nkage cavxty Coolant of sequence caslmg

3 4 5 6 7 B 91011 121314
Connecting part position picking up samples x10°(mm)

Fig. 16. Change of chemical composition of connect-
ing part in the case of sequence casting of different
composition.
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