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Influence of the Molten Powder Pool on the Longitudinal Surface
Cracks in Continuously Cast Steel Slabs

Taketo NAKANO, Masao Fuji, Kysichi Nacano,

Syszé MizoGucH1, Toshiki YAMAMOTO, and Keisuke ASANO

Synopsis :

The thickness of the molten powder pool on the molten steel in a mold and its formation process have
been investigated from a viewpoint of the prevention of the longitudinal surface cracks in continuocusly

cast steel slabs.

The results obtained are summarized as follows :

(1) Itis important to control the thickness of the molten powder pool in the optimum range in order
to prevent the longitudinal surface cracks in continuously cast slabs.

(2) The necessary minimum pool thickness is decided by the oscillation conditions of the mold and the
surface rippling characteristics of the molten steel in the mold, which correspond to casting conditions.

(3) 'There is a characteristic incubation period of the mold powder before the heat flux starts to in—

crease from the surface of powder layer which is formed on the molten steel.

This incubation period can

be used to evaluate the ability of the mold powder to form the pool.
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Table 1. Catsing conditions and properties of
mold powder.

Casting conditions ‘Properties of mold powder
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~ Fig. 1. Mold temperature profiles of crack occurence

position of slab.

Tc or To shows mold temperature corresponding to
cracking or mnon cracking position of slab, respec-
tively.
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Fig. 2. Relationship between mold powder con-
sumption and longitudinal crack length of slab.
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Fig. 3. Effect of molten powder pool thickness
on longitudinal crack of slab.
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Fig. 4. Longitudinal crack occurrence conditions
depending on mold powder behavior.
(Casting speed 1.2 m/min)
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Fig. 5. Schematic drawing of phenomena of closing
molten powder flow.

1, xR, 2 At n OREA B E BT L
IR X A EMEOERNSREL kB, BT 5 X
512, ZORRNKREL LB LI, v F—DB—T
MAZEETHRAEAL 5.

b, fERT, $XOME L CESMCR~. H
1 1B L Cin kB CEMcRAT 5, SlRlcow
TOHFRBEFRZSBEOMBETHAH .

4.2 PESROET—-T-ILEOKE

B Lic X 5, $bH oREMEN LT 5D
1, FEMR LRl i WEE e Y & — T — VERTE
5. KETE, CORES-AERLOWTEET
5.

EARNEXHIUTOLEEI THS.

RFEC IR\ TIE, BF, *=A»ALEMOFHRAEE
z, Fig. S iemT X 5%, <7, RLWLIEAYF—) A
LHEIhOBEEYIEEINS. COBEYW, A=A
2Dy & —OfilEy, Womce X, AETSL
WMAMRERE|ERoT. BV & — T —VERKTH
HiE, ToBEEWERMORE Y = v EORE, Thbb
RSy X — DOWMBBILE R IhS T b EFEL b
n, Lo, MEAHET 5D 0NN T — VBN
HETSH. CHAEROFR I LRI ORALHRD S
BT —AECHEYM TS, - oA, SHE VL
—v 2V, BIUHHAEHITC X 2EMEOKIIbLIC X
SOTEEYZTEEDEEL RBDT, UTRIZZh
bR EELT, MRERCLELRNT - VELOWT

EBETD.

BB EE S oA S BT v~ ORI EERED
RFEIZEE y RS TRE RS,

y=.8/2-cos(2rft/60) + acos(Lrut/A) -+ (1)

S :gERI; V- g VAL R—Z (mm)

S gERIREN (cycle/min)

t 2 gfE (s)

o : EERE OB ORIE (mm)

v PRI OB OEREEE (cm/s)

2 BEEEORB oMK (cm)

(1)K 1 FgERA v v—v 3 YVOIRTHD, &H
2HERBMAOWEFOETHS.

Y, (D)R0E | BrowTERTS. KRy &
— OUKEAZEY, SEEVTREEARIC, &L 8O BEE >~
=N EBOH LMY L EMT AL IVEDLEEZLD
ho, 0% Ey e sz ETH. TORR
%, Fig. 5 wERmicnd . Bl oBEEDIISHFIA ~ v
—vavickdeoT, TTFHABBHL, kWTLH
~BET 5. BERMOBREISEME v~ TR D, BE
o = WODE, ¥k, g E T, FTHeBHT%. Fig. 5
DOFRE, TEO REBORBIC X3 5 MEDO Pufiz s
3. EEHOME OREL, FMECET 5 KR
TRER, EREEY =40 Ep HOMEBIRBEHRCRS
ha. BEHEREY = A0 Ey ORI ET D BE
+oieEERSM, ARER L X 5E, ERLRIKH
MECTATHETSHETHS.

COBIEENRZ LT, BEY =40 E, SOBBIE
HMOBEERRDEILETHD. Bodzhid, A¥r—
vavD l BROBIT, #=252EHick\\CEE >
=D Ep 3aRETHREORETHSH. = OREIR
dvv—vave— 7 OERBIEEBEEL TV EFL
BRhad, ST, A=AHANRLODLLERICES
BB CHE Y = LD Ey #ih 4 = A% A LETHET
LE#ELA, Fig. 5 0 LRI, $RIOF v v—va ViR
LS OB BIHEE ORRA (LR NT. HREEN S
WE X p iR k& L At e -V v IR A 4,
FIRAHFNT 4 TAMY TR EFER S, —F, A
=A% A LML O ERNY, Fig. 5 oFBRICR<T L5
2, R EBMOREEC IV ELTEEELD. T
b, HROTHEEL SR O TEEE L L ECEGE
i, RSy £ -8R - gghRlesl R Thal &
wrh, A=RHAREMHLEIS)Y, BOBERL
i, ES T EEieh, TOBEE, Avr—vavw
— 7 DERBEOEEZ LY, BLAIh T3, L
10T, o b A = AN AR S { BEAIE X

— 173 —



1214 #% & 0

% 67 4 (1981) 358 =

HT 4 7APY y THEORERAE LY, BEY =
D E,ROBWMEROBAILAFT 4+ 7AYo 7R
DB E L HETHE LN TE 5.

BN T — VLR AR R D B 1D REF O T L g
B> =D Ey# e OMOEMORETELYEZ S, H
HHOTHOMES v, B IOEE Y = 40 E, Fofr
B ym&ThHE, BAAY X —DHABROBEOESY
&) ¥, Yr—rm TERERS.

Y () =y, —ym=95/2- cos(2xft/60)

—(—1000 Vet /60 4yp) «ooeverermserrerionnenns (2)

Ve : g8&#EE (m/min)

ot BB Y = LD E, FROBBEIRD =0 wisit B

BAREDy gl (mm)
(2) DK, BIORDELBEMBE, (2)R%H
LT,
dY (t) /dt= — zSf /60-sin (27t/60)
F+1000 ¥V f60=0 - reerereumrreerianiiniiniinnis (3)
EieB,

(3)32, & dilek TR TREEE S S E B
—¥THEMt, ThbbRFF 4 7R Y ., FHIREOB
B, BIUKRTE&EEXZRLTWS, (3)XoRiz 2 EE
EL, ThZhkATRERS.

£, =60/ (21f) -sin=1{1 000 V ./ (nSF)} +eovee-- (4)
t,=60/(2f) —60/ (21 ) -sin~1{1000 V ./ (zSf)}

ZZT, by BIOE LWL, ThEhayT74 7AYo
TR OB, R IVHKTIMTHD, BEL2Y £ -0
MHBOBDE Y() 10 t=t, TRKERY, t=t, T
et B,

FERTNERNT =V o0 12, =t BT Y
(t:)=0 Ll L&D t=t, kT3 Y() DL LT
RDBZENTED, L2 T o i (2)RLpo¥F
DEHIRIhS.

I =5/2- {cos(2xnft,/60) —cos(2rft,/60)} —1 000
Ve(ta—t)) /60 cmmemeiiiiinien, (6)

ZZTC, (6)YRERFAFF 4 7AYo TENCERT
B, AT 4 TAYY y FERE -V VIR 0DA
v—¥a YOFFIMC T HHECERT S &, kAT
R (N

N=(t—1)/(60/2f) ---oevermermminiiininnienns (7)
(NRZRACT, (6)X¥EEZETE, kR s.
Ip1=8-SIn(ZN/2) =500 NV [f «reerenvveeennne (8)
Ehig, ()X, (DK, FIU(7)KXXb, Nizk

ARTREINS.

N=1-2/z-sin=1 {1000 Vo/(mSf)} r+ererrreere (9)

PUEDEZX Y, 88t v v— v vEFERHET S

o 1 (AR IV (B)RIE2THEX BhBZ Lt
B,
DEE, (ROFLFCOWTHET 5. 21/ X

Ak B O BT X Y, B B bt BT
. ZORMPDERELE v LIEE 2 Loz, KR
TIRESNhHBERMH B,
1W2=g2x 4+ 2ny [(pm )
& T EIIIEE (cm/s?)
7 BHOEKEE S (dyne/cm)
Pm: WHIOEE (g/cm?)

CORR LD, WS RET B BREE v B FE
L, RATHREhBW.
”o=(4g7’/.0m)]/‘ .................................... (11

i, TODLEDER 2,13, KANTHRERS.
A0=2m (7 /gom)"?
up LA ETHMERESBIIT S & WAibn RET 5,
B oS4, r=1500dyne/cm, p,,=7.2g/cm? % F
W, (10)XoBIRERIART A L Fig. 6 &b, u ik
LU 21k, ThZh 30cm/fs, 2.9cm Ligs,
DER, D u HELBHERELHETS. B
HEHIIE, shE A DGR Lo, [EA D lehi b
BT 5. ARBREETR, wHESEA BT,
vo BBz B EZ, WHEY WLl B RN D
4, Lo, WEiedh I sBRIE v &,
FHLE wIstt B R OWGE un 2LV BEEL
T, FRECBM b E SRR HEE T & L
Lic. KEFAEROBEE XD E, ug KRR TRD
BT EMTESDY,

un=2‘0(a/2d) '2/-"14‘”_‘.1 e e st ben et re s (13)
a1 =100 a6V o/ (2-605) +vvoeveiveirnininiinnin. (14)

I

~ p ; //

= ;

§ 10 4_%\_g~'r:‘zélananai_

2 | '

3 L/ :

(g { ooy wave

0 : ;
0 20 40 60 80
Wave propagation velocity u (cm/sec.}

Fig. 6. Wave propagation on molten steel surface.
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