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Condition of Internal-cracks in Continuous Casting of Steel Slabs

B fFE
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Masanori Kodama

Synopsis:

o s M

Toshitane Matsukawa

For a quantitative evaluation of internal cracks of CC slab, strain at sclid-liquid interface is analyzed using

computer. Bulging, roll misalignment, thermal stress due to secondary cooling water, and unbending process for

slab are taken up as factors for the internal strain and, for each factor, the influence of machine design and

operating condition on the occurrence of internal cracks are made clear.

Further, a composite value of calculated internal strain for each factor is checked against the existence of

internal crack identified on the sulfur print of an actual CC slab. As a result, it is found that internal strain has

an allowable limit which changes with the progress of solidification.

Effective measures for preventing internal crack during high-speed casting are the use of divided rolls, multi-

unbending and a high quantity spray water operation,
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Table 1

An example of thermal strain at solid-liquid
boundary by spray cooling water

Type of spray nozzle

! ‘Thermal sirain (%

flat i 0.008

oval (or square) i 0.065

Notes  Shell thickness  : 75mm
Spray water flux 0 1900/ /m? -min

Casting speed  : 1.4m/min
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i - e
:Ul:n? unbending 0.056 0.091
Strain{%) e S
Su‘ond unbending 0.005 0115
point*

* Iifference of radius: 12m — 19.2m
=« Difference of radius: 19.2m » oo

5., BREERBEI»LA-ABUVTADITRME

5.1 EHBEABUTA

Fig. 10 {a) iz F 45 2 g 5172 NI
A AW AT, AR AR A S 3.8m
AL Ay T, S
SRR MRITES IS R AR L, S F A
Tk L7 S T A A oo F A R
A 5 YR O P A e B O 5 S P 1] D S
AT T4 AL M [ A

hifw s &

AbmT 73

NECHD, 2Ol Ea—n% fMH AL S
e ch LI — T T4 A PO R
CF BB &G Tnd, F7:, IIIH‘H: E AR

g (Amiﬁ:kfﬁ ”"C"J‘) LHfzsHh FOMESL L0
v, Figl 10 () (o AR5 5 a8 HEis 5507 2 5T REs
%m-w¢~¢u-mw3%m%ﬁuﬁmxﬁm

20pl e - A e 2 PR R L T B
Tk b, REEN A =2 A 2 5 Gm Ol

TR LR AU O e N O Achi e KR &



W

ok #

Cross section of slah 0 2001570

Amount of secondary cooling water | L61/kg steel

e - Strain due to roll misalignment
g, - Strain due to hulging
z, . Strain due 1o bending and unbending

Crater end

0.6

0.4

0.2

at solid- liquid boundary (%!

Calculated strain

12 16 20 24

Distance from meniscus {m)

‘a) Ne.2 C.C. Machine in Chiba Works

< Cross sectien of slab 2201215

= 06 Amount of secondary cooling water © 2.21'kg steel

=

o

5
=3 04
2= “:
-2 N2
3 :
i Crater end
EIE T
= 4 8 12 16 20 24
L=

Distance [rom meniscus (m)
th) No.5 C.C. Machine in Mizushima Works

Amount of roll-misalignment = 0.5mm
Casting speed S 1.4m/min

Fig.10 Internal strain of casting slab in solidification

process at different machines
it

W 77 %
A2

EEM BN AR T
CREMALY T Y

F,ORARTIA A MIIES Wﬁudﬁmuuu

AEA A, L, BT TS

2 SRR RIRIF O TR T T 5,

-t A )k,
Ji_lffﬁﬁiio’)ﬁﬁ .

5.2 BRERRrAEVTH

EL U ER R Tl Aol Sl B
TR aFRfudy s iz MR EEL L
v, L7, 40kg/mm? M’LU\I o IS HE IR] B T
F T R (AR ORI A ke L X
v, F 2T 40kg/ mm® n‘c}io’) .'—r‘rHiTHlilifﬂF'f!."C‘, Table 3
AT HE R TAMR O AEE AT

Pl e A= e

i */;"

Table 3 Chemical composition of cast steels and (.d‘si!l’lg conditions in this Mpeuant

1980

Rz ok Uuhn
R UARE S vt :uq'&.— L.
L AOT A0, Z ORI TR L 2

AL A BT I & PSRRI 0 AT 1 2 oY)
h& LSRR O B A v 4 — 2 LT R
FOEE % Fig, L0, Zo8s5%, Wakil

oo anT T4 A
SR T A A

PRS- ilu]li-.;]u OIE L L TN A R D L
Jiom A RE LT vl dnRLTvd, T4
b%,ﬁm%ﬁuﬁﬁéndwwuﬁﬂr IR
W tefed 4 - koo, 30 THREL N
ﬂuﬁhniw¥JWﬁmHﬁwﬂtkr -

L, S EREI Y L T AGSE 5 ki L

fo2 arkia -, 2 T 7 S A R PR A R T
24H,
15—
= o ® With cracks
:- | o Without cracks
5
2 10F
=3 i
¥ K
TT05F
=3
2% [ °
z e |
o a +
o 7 3 i
Square root of solidification time {min'")
Fig. 11 Relation between calculated internal
strain and nceurrence of internal
cracks
6. ¥ =

%Hmﬂ%ﬂn%iﬁmuﬁwf%tmm.ﬁ
M%mhmm¢5W%ufa:owf 11

ST R L b & R m‘{;".'f% ok
$rls, B LIERY FT RN RO AT &R
f L LUF o fiag 5 1472

=

! Amount of

. . Chemical composition (u) ‘ ‘ross Caqtmg
Conltl.nuaus casting \ . o } section speed i secondary
machine . . ' i of slab . cooling water
o | St Mn P i 3 Al ‘ [mm > mm) (m/min) [{/kg blt‘(—'”
\105 in '\!17ur;h1ma 0.12 ' 015 0.60 0. I)O‘i ‘ 220/1215 0.49-1. 8 ‘ 1.5~-2.8
— b ! 2003 | <20.02
\Io 2 in |1ll)£l 019 § 0.25 1.20 0 030 2001570 1.2~1.5 I 1. 4* 1 B




Vol. 12 No. 3 M LT TN IR R R M*lmaﬂf 513

e S NIRIEESIFINE N 3 ) }’ HITL ETC T A A P AN R ey

(1)
ERCH T A G R R R T TR, Dok oL ORI TR D
AOGTHIBIROD P ALE M A 5 511 2B ] (3) e B ERFO N ENEF LS s AT -
A, e EH, S AR, ok -_;f,hz:sf:;frmn TR
(2) PIEEFORER I ML T, o o — Thab,
£ £ X B
1} dh7EIH D 27/28 MG RS, 214
2) frr i K. Sorimachi, et al.: Ironmaking and steelmaking, {1977} 4, 241
3) /BN G D BLEEH, 65 (1979) 11, 5711
4) IV, S BOREERMCE SR, 34-268 (1968) 12, 2165
5) T Fk S, 54 (1968), 1461
6) fEaeoAd DERXEE, 61 (1975), 5513
7) O. M. Pihringer, et al: Stahl und Eizen, 96 {1876} 6, 280
8) K. A. Fekete: RADEX RUNDSCHAU, (1974) 3, 135, 142
9) K. Kinoshita, G. Kasai and T. Emi: Proc. Solidif.and Casting (Jul. 1977), 268~ {Univ of Sheffield,
TMS!
10} b D ERESE, 62 (1976), A 119
11} K. Miyazawa, et al.: Ironmaking and Steelmaking, (1979} 3, 68
12)  A. Grill, et al.:ihid. {1979} 3, 131
13} A Grill, et al.:ibid. {1976) 1, 38, 41

109



