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Condition of Internal-cracks in Continuous Casting of Steel Slabs
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Synopsis :

For a quantitative evaluation of internal cracks of CC slab, strain at solid-liquid
interface is analyzed using computer. Bulging, roll misalignment, themal 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, multiunbending and a high quantity spray water

operation.
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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,

b, &

AT T TIE, TR o S o s R
ORI FIT ) B, B ONHE R R R
Briud, TORMEAL, ILETETON T
DA A I R IR TR, N
R e tmEl g - 0 5,

PIAREIFLIE, R I SR 0T 65 e o SR T3 il
R Z gk AAvE L sk, HIRT S BT
A PO BEEETFERIE - TR TER L0
TN, —Hizibima £ oL L Cid 4
WS 2T B0y =7 b BT
BIFEN#H & L Tl L 4L S, Photo. 12 N
NS LR T 7oL 7y —71 > hoy—{f
i,

BB RIS RO Y AR RE S L ERICG

BT C L ey, o—NLOBEEL <
HM#ULJ&MX?#/@$§n.ZTV*K
(24 AMELEH, BB TO 2T T, 55
EB LU /%D——JLTU)FT EH LY, R
CHLEDGERIZOGCTHHELE REY I LTS
A, IRGIEET L LBENCED STy ayy,
FIT, FENMONIHTAOFHETELIEE
L., WA RITTEE - R¥ERORE S
AR E, WEMO T AR S IR EELE
OERIZ o2 RHEAE G R, 5RO SIBEGE X
BENEOUWECHNRATEL L b DT
LUFI- 8451 5,

2. SANRESHORI

B RECRET LR TAFRANT 2700
b, WS b E B LU 2 LN

. TES R AT R B SRt R F A i)
IS SRR AT R D N A T A )
(BHFUSSEE 4 H22R IR ES-T{4)

e

101

LX)

ARy B B ER AR AT R



IR T

56 o [ of 3 26 .
Cogr = e [l ax) "y (l"‘a;) R
I, Cleg
AL
AR
g s
lPhoLu.I Sulphur print of Iongitu;Jinal section L H.‘*J:m]
of steel slab cast don, M b A &G L BTV AR 7 O TN
B e X éhaﬂunwﬁiﬂmtqhmﬂd
& dhws o 9 7 CIME A A e K b LB R AN, D
A TS X LT v B LA BRER AT T TS S I fﬂ A U8 e (2]
SEF ML L O E, Oa ’{d
FIT ARTIREHN D0 f[ll,tl%’q Fig. 11275 O = ?II ........................... (33
L9 AT L AR A, Lk R of -
FEAE(B), 5 & OPERST R L b DA (C) i ari T Ga 0 B
%ﬁhmnﬁmhgg&u_raww+fwxﬁz PR AT SR S A IR AR
Bl SR OrF R ALEINEA S o R R AR IS S0 (1) S (4) XN JioEHTE D,
s oH Ay [ B D¢ ,
“ aj = _p_ ( axz# ,a,y,z) ceereeaeeen 400
Molten steel R s AL LGS T R IR
// oolid shell Wi et - H MR r s 2 A1 KU
| A L. ALEOBBI ST A SR EOME LN T
I LR ATE B CAEESL.
PRCR \—;Z FELI A L s il & Fig. 2 10 a8, iR
u¢T  ’;? wm % cFCIiEE FEL T L, BRE LTS R
"?4_— g DA LA SO SR O S AT
oo T Spray nezzle b L Cﬂﬁﬁﬂ B AT T F 583 01,
£.f’ %’ % AT = i'_x ........................... {5)
zg y ;:T.u'%ﬁwW
2.3 ‘ . DR oy B S
S Sk R, .ﬂ-ﬁrafmfﬂf.fﬁﬂ IRRES AT I
f|£ AT SYRE S 2rpY Ak oty WA SYP R AT W I AN
Fig.1 Explanation of cooling zone between MR LR LY,
adjucent rolls Ar
AI = 61. ............................. f 6 )
2*1 {EBMBIFET N
BB G % =T o kg A d

102 -

B Al il s

s
(1) A%
(2) 51 270

Sh, ikt &
AL ]

1930

SEGL AL S
L H o 20k 0 B
TR END



Vol. 12 Ne. 3 W T Ty .;]a b R )r‘ 507

.‘:':Irah thickress < ; L s T
€ DR

S : AR 0 07 1502 LA O B0 2 o) WG &
NS ' Fig. 3 12434,
c = H
= 'L o 650 #, <750
b = o
L < —— 8 ® 750 5. <8a
=3 = = 5 s B ?0 A1 Surface
= = ES=EE T & o 850§, <1950 temperature ['C)
5 x| Bt = x 950 f 1050
g g HE
= - 3 5 ——— Calculated results b
SS=E : 7 —en Mitsutsuka® _ Yoo
l — 1 f —— Sasak®
I: H £ 2o
¢ P
Fig. 2 Schematic arvangement of nodes used 5
for heat flow analvsis é
g
2.2 BREMGORE £ 1000f
Feuidnis £ L T ERTER N Zaniiz FpEsE A 1) -
Ix]
GBI R RS L I REENS & L A ) A £
L4 o T U%ﬁ%* BN fe, D OREH A L 5
s
oy e o L0 B Aeis o4 ~ 5 i) . s . L
Al Aoy E s X0 B Ahine b AT A o p TR a— 0

ﬂ%mm%zmm,zmmﬂWWTmeﬁmm

i EHE O 8 B A R N AN S A

o PARM L . VAR Fig.3 Effect of spray water flux on heat transfer
2V — i EA) O SR LGER 241 coefficient

a) = (a1t a-01-W" (6<1000°C) 2.3 HPLD

Water flux of spray (I/m*-min)

................ {79
a - ay W (62> 1000°C) 2 R TR f(n“m e ik BINHE RS o
................ (8 A Fig.4 209, £, #EE L o NS
- - : A —1 % Fig. 500 05F, F]g 4 - 57T, ©o-
) . PL . JUIIZ 5507 & I, fﬁ"ﬁ'f:; fiﬂll?[uﬁfﬁ'f)l?mtlliiﬁt
@ T b b e (0T YT e it A L S ¢ 100~ 200°C R
- b,;-—:(L—m+bs ___________ (10) b A I FALRER Awf,;.,
B g:r“”* 3. ERMASBYFAOHE
qv - 4.88-&- ( 100 )
, o 31 BREEMEELCOVT
Flegdymwden) (8200 e (11)
o, an b e 1,20 '), nlw HEW L 2 BRI 2 L A A AT A
# LA OO Lol o RIS AT X A A, Byl
GUEY IR AL A BRI F T s A AR s IR HNE ik
SR KGR w VL EDNE v, LA T, A
T LU=k T TR 3 AL A Y ,ﬂ T LA VR A i A 75, Fig. 6 (a) o
b Tk aw;:LMWAMH“MF%smuwmmn
P e ERLEDBIRAAS £, A 2 W R 3

103 -



08 Nl B8k M 1380
- 1200
&
‘;__: No5 C.C. Machine in Mizushima Works
2 1000k Casting speed T 1.2m/min
3 Amount of secondary cooling water | 1.6L/kg steel
:
bt
" 8OO
i |
‘: 6001
0w L
400 | [ | ! s 1 Lo
4 g 12 16 20 24 28 32
Distance frem meniscus (m)
Fig.4 Change of slab surface temperature calculated in solidification process
Casting direction ‘
wb R 32 SRS YILEIABOTS
Sw?“_g/ﬁ—ﬂ\mf—f’_w S TR OB S L THEE S - L4
2 5”////ﬁ\¥////“ﬂ g LTl 2 ik, 7 0 - 7R A TR
L 800¢ [ & L7 B2 g b OO S Ay P R
I 0 BEhiBh, —HAO kG ES R TR B,
2 7501 . . u- T e "
: [ RIS I B A e A 0 OB & Leh it & N
E— - . D
700F ETACIIEN LS, F EBO R
: LB PRSI S L 7R BT AR Th B A,

Spray
Roll Roil

Fig.5 Temperature drop of slab surface by spray
cooling water

WEE TR, FRRNE 0T AOMES Fig. 6
)k 2w L, BHFEE B ENEEo 1/50
L7,

oL A R A IR 20~ 30 KR TH N E R
BT R SRR AT L L —EL
HRHOTEIEEOKS 20T ANy
BA S LB TS LD FTEIIN
R ETD, Bro&h ToFEIZIER S v,
ATk, Ly FHRAHIFE— 2 b
DG A A Y L R L TAEE
L7z, Do ik D aysl 2 i, fiREHk
2B A AR AR M DR ToR R

RiB

pr=1§
e,

©104
E e °§5 H . Plastic modulus
B £
::‘,E \\\ -ab o
E Q @ 3
=2 Y n =
E 1.0 \ \ ; k=
E . . " £ Elastic medulus
v ) ~ =
2 =
% ;
= 0 o T N .
Hooee0 1000 1400 600 1000 1400 0 o
Temperature [*C) Temperature (C) Strain
(a) LY fe}

——~ Curve adopted in this calculation,
uhringer™,

——p

____ Fekete®,

Fig.6 Mecharical properties of s

—-— Sorimachi®
Kinoshita®

teel for the calculation of internal strain

104 -




Vol.

12 N(). R

i b 7.

MH"U '?"'fPJ LA EL B s L& e
Lo PR A R S TP R T L
o"mfr.l (R P PR S € e e _)(_']
A SR S Sl Y R 3L I ey
Mg S A EE L s, B R A
SRR L Wb,
il o s o I A S 10
iR 100
Ak L,

START

(Calculation of relationship
hetween hending moment and
rachus of curvature for solid

shelt

eS|

u BT

\h

f‘}[mm SRET A Tk 1 — L

Fror iy, B

|: Assumption of fixed moment M,

Awendment of fixed

Caleulation of bending mement
at every finite positien ain casting
moment M,

divection

Calewlation of deflection curve

by double integration methesd

Houndary coniitions
at fixed support

[ Deflection 01

I Angle of melination 0]

15 satisfied?

Wrile
= Deflection curve (Bulgmg)

Bending stress and stram at all
nodes

Fig.7 IFlow chart for the caleulation of slab
bulging
3.3 I X7PFA A PIZELEAREUTA

N 3 IR

AT 2o, FEELL

TR
EA B B A SR S Il N A Y

BT T AR PO FORIZITT AL
R L, i RS s E T AR DT
IZTRICRER L, e Fu— BTG o
=TS L T AT T A EE IR B
P BRI, osnu s POREET R < ik

EOTOVAEREL F Rl

i -

L, Fig, 7 00403 TN Tl

105

IJ‘MHL

a0

VLR T A
TG A b

ol AT

T A PO R A L

Hivezo, o & A L]

N AME S, S -2 X o
F- 1 g W R oo il WAL,

DA T A A b ST B L AR '}f Z 32

VTR o 70 R B O AL E f o
Tilia WL oL AP Tl - 2 Ko sE )
LwKUMTMAhmHO?ﬁM $h0% 01 100

SeorEl L bR L A
34 AFL—AHKIZLBBANBORUTA
s R v — kD )

BiLA, Thbh AT

I MR I L A e

L0 Wiz v A
PV ST A
A 0 AL R e 2
TOOBLRDGEEWSE 7 3 T 50 [nlFs
l‘iﬁ’wvs ]J-Fi :—‘ﬂ B, %@f:&vﬁi TAI BT Jm*'}r;
Halls o PIRR I I A D ﬁjlui"‘f’ FiL .

A, PRI B RS idfﬂwuuﬁ{%‘i
LmrﬂJﬁh%%btu%ﬁ@Aﬁ
)X HE i 2 K 7 B A AT R

Hip 2
S A s CREIRV R B A o TG L

7N — 8

- - o
[T R

35 FFRBLELCLZANFUTA

P [ HRLCRT 3-8 S A B A
S RSN TS T PR R g L N T e mm A An
AL, Fol:aILIZ L L 00 '3ljl<b LRI

vOlE, AT T A

IH]

B D HA S Fig. 8000 L 3740 2 SRR A
A S h oA R T D B
F Al R 112) NTATN T E L
A 1
R
SR S 5 I A B b
S DHEM L oLlE
Ry Dl gl 1%

R0 By IE iR oo g =i

4, HFRAABUVTACRIT TR

BEHO2

PRI E S

4-1 O—NEVvFDE
Ol B s F A LT, i S TR



Wk WO K rt{ 1980

510

12869

E g @& Drive roll
g &
[~
g =
] =
g b
& !
= =
=1 =]
- =
" B
= =
Bl W
[ z

One face rolls

dl\,ldr dorolls —— BT -

p380 #500

94
238

G

PP

-32141 (Distance from meniscus!

Figz.8 Roll layout of No.5 continuous casting machine in Mizushima Works

TN AT T A A P RS, BB EOIN PLldzo- e F 42 L7 4L kA v =

A A TS X L L E MR T AL TR,
AOTEEN G Ak L o LR e T E R U
§-2 HEEREORE
FTah LY, HHRLOMT AT A TRRB IR
Kﬁ%Sﬁ%mmm%xﬁ%ﬁku 1JQL W%Ufhu~ POA I R I o it

b4 % o —) % Fig. 9 (a) 22§, AR CHEEO LA - WA Fig. 9 b ornd, b, ¥

FERAF Al B N O R A Y, RE LY, N LTy e PBlRE DI RT T 44
AT EA AL DL ANNU T ALy ke B, Bk asmE L2 AT

SR T HLI R o R H Aol kL, ox FA A b L AOT AL ETRET L,
i AU R BWEL A AL LD 4 400mm oD AT AL RO S £ LT
R BRI AIE f;";hf)*c’a L T ht, u VLI kA d, IO BIREEaRMnE XL
— L FUERR N E A SR v R LR VAT a7 k) K R P - R Rl e Al B

Shell thickness D 75mm Roll pitek @ 374mm Roll piteh © 374mm
L.or 1.0}
3o 05 05
(=
£% | == __°} | T _d_
s 2 -
oz , , . . 0 . : . s 0 : . A
0356 400 40  s00 10 1z 14 16 18 10 is 20 25
Rell pitch imm) Casting speed m/min) Amount of secondary cooling
water ({/kg steel)
{al ihi lel

Ferrostatic pressure : ?.5kgsemz Amount of roil-misaligninent © 0.5mm
D Strain due to roll-misalignment, €, @ Stcam due (o bulging

Fig.9 I[nfluences of roll pitch and casting conditions on the strain at selid liguid boundary

106



Vol. 12 No. 3 'l‘lfj

. . e o e e e
”V\]rﬁuui i) F’}hlu'L}_/f‘ ’5/-,52): SNl

S RILT AL

CiEt s -

THLR i A Ehasl T d

4.3 HKEDEE

2 A HIA T A o R A J\ﬁj' e w
{l/kg steel} O’J‘J",‘f} ST L R )
o Fig, 9 (cjlond, T AT oA 4 |- ok A
PN ST "Ff ER AR OERIT A
N ZUT L B O ALEIEAGE & ST AL
TL, TA ALK EOR S XL
SV AT E S T O BRI L 2 LD
IR IR T S5 L B I (PP AV T o
UTﬂ#M9¢%;t%mLfNé Lfohia 7T

VEREGFLE S o oo 2 L0 2 SRR b

PIEIRE B SRS S (O AN/ 1P S 2N

S

[l 3 P P e

44 AT L—NF—LDOEE

T L =V AR ) K LSRR BT A
N O B R A BT s vkt
fw%ubJLTW? F e — BT SRR B
i Y"Sf{r" LEOT A TTE AT L v -
POOVHL T A Y HIL N Ty, AT
Vet F — D X AT ADTREES- e
Table 1 (23§, Table ] T Z 7L --KiZ L & 1
F AN T A ) 5 Ttk A 7L -
ZNTIEE LISl AT L TE, L
Foht e T, EER oz L PE ATV ERTA A A T b
ARGy 2 ZLHTR R A S DY, BRI AN )\Dﬁwmiﬂ
WA Tl 27 L v ¥ - R HL b ALY
AL TS,

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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