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Estimation of a Region with Solidification Structure Refined by Reduction in Semi-solid State
through Solidification and Strain Analysis of a Cast

Kazumi Yasuoa, Masanori Minacawa and Hiroyuki Kanoka

Synopsis : It is well known that solidification structure is made finer by reduction in semisolid state. The object of this research
is to clarify the condition of occurrence of such a process quantitatively and to make it possible to estimate the size of

the refined region in cast products. We made experiments in which cast pieces were reduced in semisolid state. We

also analysed the distribution of temperature, fraction of solid and strain in the thickness direction of cast pieces. The

results obtained from these experiments and/or analyses are as follows.

(1) The solidification structure of the region refined by reduction is equiaxed and transformed into globular austenite,

while that of the other part, columnar dendritic or equiaxed with regular size, is transformed into columnar austenite.
(2) The portion of refined region becomes larger as average fraction of solid and/or reduction ratio increase. Precisely,
the condition of refining is expressed with the following equation in terms of local solid fraction and local compressive

strain.
fs=0.75g0%132

(3) By use of the above quantitative relations for refining, it becomes possible to estimate the fined region in cast

pieces.

Key words : continuous casting ; direct reduction ; forging ; solidification ; semisolid state ; reduction ratio; fine structure ; local strain ;

local fraction of solid.
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Table 1. Chemical composition of steel(weight %).

C Si Mn P S Al
0.39 0.28 0.40 0.011 0.002 0.001
f § § § f §
0.42 0.31 0.42 0.016 0.003 0.028
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Fig. 1. Experimental mold. (a) Top view, (b) Side
view.
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Fig. 2. A .system for one-dimensional solidification
analysis.

27

S5 OREE - BHENTIC & 2 REEEEER OSE A LREE o E 897 I

Distance from Mold Surface (mm)

1

[ 1
0 20 40 60 80
Time (sec.)

Fig. 3. Variation of solid fraction with time (calcu-

lated).
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Fig. 4. Solidification structure without reduction at
(a) AT=80 deg. and (b) AT=40 deg..

Fig. 5. Solidification structure with reduction at
(a) AT=80 deg., Fs=0.42, R=0.33 and
(b) AT =40 deg., Fs=0.47, R=0.30.
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Fig. 8. Distribution of austenite grain diameter with
and without reduction in semi-solid state.
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