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Evaluation of Internal Void Closure Behavior in Hot Forging Using an
S45C Small Ingot
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Synopsis

Steel ingots have internal voids caused by solidification shrinkage during ingot casting. It is very important to determine
the manufacturing conditions under which the voids are completely closed by hot forging or hot rolling process. However, the
conventional void closure evaluation method has a problem of inhibition of void closure by the oxide film. So, the purpose of this
study was to manufacture a small ingot with internal voids and to evaluate the void closure conditions in hot forging. As a result,
the voids closed as the hot forging reduction rate increased. In addition, from the results of the micro-tensile test, it was found that
the tensile strength is increased by reheating and hot holding after closing the void. This suggests that reheating and hot holding
time after hot forging is effective for complete closure of the voids.
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Table 1. Main chemical composition of S45C ingot (wt%).

C Si Mn P S o T-N
0.45 | 0.25 | 0.75 | 0.019 |0.0060|0.0023|0.0095
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Fig. 1. Schematic drawing of modified Sato mold and

bottom pouring casting.
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Fig. 2. Exterior photo of S45C ingot.
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Fig. 3. Internal void shape of S45C ingot.
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Fig. 4. Comparison of internal void shapes before hot
cogging test.
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Table 2. Experimental condition of hot cogging test.

No. Reduction Reheat
1 30 % None
2 45 % None
3 60 % None
4 60 % 1200 C X4 h
[Reduction]

Top

Fig. 5. Schematic drawing of hot cogging test.
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Fig. 6. Position of micro-tensile specimens of S45C ingot

after cogging test.
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Fig. 7. Geometry of micro-tensile specimen.
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Fig. 8. Longitudinal section photographs of S45C ingot

after cogging test.
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Fig. 9. Photography near void of S45C ingot after
cogging test.
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Fig. 10. EBSD analysis near void.
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Fig. 12. Relationship between reduction ratio and Q

value.
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Fig. 13. Tensile properties of micro-tensile specimen.
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Fig. 16. Comparison of area ratio of tensile fracture surface.
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Fig. 15. SEM images of fracture surface of 60 %

reduction and reheat condition.
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