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Reduction of Friction Force in Mold and Prevention of Sticking-

Type Breakout for High Speed Continuous Casting of Slabs

Seiji IToyaMA, Masaru WASHIO, Hiroshi NISHIKAWA,

Hiromitsu YAMANAKA, Syuji TANAKA and Teisuya Fuill

Synopsis :

Friction force between mold and slab was measured by load cell in order to optimize mold powder and
oscillation conditions for No. 3 continuous caster at Chiba Works. Furthermore, a method for prediction
and prevention of the breakout was also studied to minimize reduction of productivity when a countermea-
sure was taken for avoiding the breakout. Results obtained are as follows :

1) Adoption of mold powder with low viscosity and reduction of negative stripping ratio made it possible
to cast low carbon aluminum killed steel stably at 2.0 m/min by decreasing friction force less than 200

gf/cm?.

2) Effect of the viscosity of mold powder and negative stripping ratio on the friction force can be reason-

ably explained by considering viscous friction.

3) The breakout can be successfully predicted by thermocouples set in parallel to meniscus in mold cop-

per plate.

4) When the breakout sensor alarms, the casting speed is instantly lowered down to the predetermined

allowable level to avoid the breakout.

Key words : continuous casting ; friction force ; mold powder; mold oscillation ; breakout ; mold temperature ;

prediction ; prevention.
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Fig. 1. Schematic view of oscillation generater
for No. 3 continuous casting machine at Chiba
Works.

Table 1. Chemical composition of mold powder
used in the experiment.

. Viscosity Softening
CaO/ AlLO; F Li Ba M : -

Powder . 5 9 (poise at point
Sio, (%) (%) Gh) (%) (%) (pgisear  pelm

A 1.05 6.4 8.8 0 4.8 0 0.9 960
B 0.85 6.0 88 0.5 7.0 0 1.3 890
C 0.95 5.7 8.8 0.5 0 2.8 0.8 910
D 0.95 5.1 8.8 0.5 0 4.3 0.9 910

Table 2. Casting conditions for experiment.

Cast steel Low carbon aluminum killed steel
(SPCC, SPCE)
Stroke, S=8 mm
rl;requency, f=100—150 cpm
egative stripping ratio,
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Casting speed V.=1.656—2.04 m/néin
230X900—1 100 mm
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(a) X: Position of mold
X= % - sin( 27 ft)

(b) Fa lnertia force
Fa=Mx=—M-27%’S + sin(27ft)

1(c) Fb:Spring force

Fb=kx=K§-sin(2nﬁ)

=Fp- sin ( R7ft)

(d) Fricton force

Fig. 2. Relation between friction force and mold
displacement.
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Fig. 3. Effect of casting speed on friction force in
various mold powders and negative stripping ratio.

300 - Powder | Casting speed
“é A A 175 m/min é
2 ° B *®
20 Flo] ¢ &
8 a
5 ®
S &
e 200 F ool
g i §
£ 2
g 10 [ :
5 ¥ ¥
>
< 100 1 1 1 A \ L

0 10 20 30
Negative stripping ratio (%)

Fig. 4. Effect of negative stripping ratio on fric-
tion force in various mold powders at 1.75 m/min of
casting speed.
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Fig. 5. Effect of viscosity of mold slag on friction
force in various mold powders and negative strip-
ping ratio at 1.75 m/min of casting speed.
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Fig. 6. Flow chart of prediction and prevention
system of sticking type breakout for No. 3 con-
tinuous casting machine at Chiba Works.



1278 B ¢ W % 74 4E (1988) &£ 7 &

250k Prediction j <
Sk | | E
e Position 7 .,_E,
m I

5 420 9
& 200 5 | ;
o ! 115 2
] Ve I ' Q
2 50k ' {10 o
%1m ; 09
S ! Jos @
: (&

100 L L 0

-100 0 100

Time (sec)

Fig. 7. Temperature changes and casting speed at
prediction and prevention of sticking type breakout.
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sticking type breakout.
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Fig. 11. Relations among casting speed (V.) at
the breakout prediction, descending speed (V) of
perimeter of stuck shell, and casting speed (Vgo-,
hatched part) after the decrease in casting speed
for preventing the breakout.
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