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Mechanism of"the Evolution of Longitudinal
Cracks on the“Billet Surface.

(Study on continuous castmg of steel —III)
Yoshzo Aketd and Kiyoto Ushznma

Synopsis: : , , : -

In the first report of this series (ib., Tetsu-to-Hagane, 45 (1959), No. 12, p. 1341) the
effect of the primary cooling on the billet surface was studied, and -it . was revealed that the
improper condition of corner radius, uneven cooling, too-high casting temperature and too- -
high casting speed induced the longitudinal surface crack of billets. In ‘this report, the
mechamsm of the evolution of this long:tudmal crack on the ‘surface of a contmuous cast
billet was investigated. : ) :

The mechanism of the evolution of cracks on the billet surface is essentxally the same as

» that in the normal ingot casting.” In continuous casting, however, because of the higher
linear rate of casting, the tendency of the surface crack is greater than that in the normal
ingot casting. ) : s ' . N

Ferrostatic pressure of the inner molten steel causes the bending stress in the outer
solid shell at the time whén the shell looses contact with mold. Formula of this stress ¢ which
consists of ferrostatic pressure @ and thickness of solid shell 4 is as follows:. :

¢=3/16 - - [ (2x-1/3)/d?

On the other hand, the strength of the shell depends upon the temperature.

Results of the experiment and the calculation reveal that the stress has a possibility of
‘being greater than the strength. That is, the longitudinal crack may appear as soon as the
billet looses contact with the mold

The primary cooling condmons, corner radius, evenness of cooling, cast,ing temperature
and casting speed are all related with ®, d and temperature of the billet. "And, the experi-
mental results in the first report can be explamed by this mechanism of the evolution of
cracks.
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Fig. 1. Solidification of a billet in the mold.
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Table 2. Thickness of the solidifed shell
at 340mm below the casting level.

‘ Corner x (mm)
; radius - “
(mm) 0 | 25 37°5
: i :
‘ 6 23 | 2°5 44
2d(mm) :; 16 35 ; 345 36
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Table 3. Thickness of the solidified shell
at 340mm below the -casting level
(calculated).

. :
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.Fig. 4. Stress in the solidified shell at
340mm below the casting level.
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Surface of a billet.

- Not etched.

Etched with.the

Fry reagent.

X 30 (2/3)

QOuter side

Photo. 5.
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Synoplsis:

Seita Sakui and Tsutomu Mo7i.

By applying rapid hedting and slow heating, 2000°C/s and 10°C/mn respectively, the effect
of heating rate on some properties of a cold-rolled low-carbon steel after heat-treatment was

studied. .
The results obtained were as follows:

The temperature at which the specimen was softened completely was increased by 100°C
in a rapid heating. A rapid heating resulted in the smaller grain size than that in a slow heating
immediately after recrystallization. An X-ray photograph, which was taken with the recry-
stallized specimens, showed that a rapid heating yielded more grains with random orientations.
A; transformation was completed at 950°C in slow heating and at 980°C in rapid heating. The
rapid heating refined the grain size more effectively than the slow heating A; transformation.
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Table 1. Chemical composition of the
specimen. ' (%)
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