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The generation mechanism and the reduction of surface cracks on Case-hardening steel
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Synopsis: This study was carried out in order to make clear the crack generation mechanism of Case-hardening steels, and

to prevent their surface cracks.

It was suggested from the average oxide particle radius around surface cracks of the rolled billets that most of the

surface cracks should be generated at the bloom rolling process.

From the point of view of surface crack generation at the rolling process, austenite grain sizes just before rolling

were pointed out. In general, in order to prevent surface cracks at the rolling process, bainite or ferite/bainite

structure before reheating are suitable for fine grain structure just before rolling after reheating. In order to get

these structures, the cooling rate of the bloom surface should be more than 2.0K/s under the cooling start

temperature of 1023 ~ 1173K. It was proved that refining austenite grain in the bloom surface just before rolling

was effective to decrease the crack generation.
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Table1. Chemical compositions of the specimens (mass%)

C Si Mn

P S Cr

0.20 0.30 0.83

0.017 0.017 1.18

Table2. Casting conditions

Bloom Ao. Casting speed Superheat Bloom cooling
[m/min] [°C]
0.50 25 done
2 " " none
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Austenitizing condition : cooling down to 1173K with 0.18K/s after 1613K-600s
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Fig.7 CCT diagrams of SCr420 (CC bloom).
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Fig.9 Microstructures of a bloom after bloom cooling.
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Fig.10  Microstructures of a bloom after bloom reheating.
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Fig.13  Microstructure of the surface cracks on the billet.
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Fig.14 The maximum principal stress distribution in a bloom during rolling.
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Fig.15 History of the maximum principal stress during the first pass of rolling (a bloom side).

Table3. Microstructures after cooling and lower limits of cooling rate

Lower limit of cooling rate [K/s]

Microstructures after cooling  1173K of cooling start temperature  1023K of cooling start temperature

©) a+P - -
@ a+P+B 0.35 0. 35
® a+B 2.0 2.1
@ B 3.0 10
® M 22 24
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