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Grain Size Refinement in the Continuous Heating and Cooling Equipment

Hideo UENO, Xiaodong LIAN, Katsuhiro YAMAMOTO and Yasuhide SUZUKI
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[Abstract]

For the purpose of grain size refinement, the Gange’s method executing repeated transformation was applied to
the commercial SCM440 of a diameter of 19mm with a length of 4000mm workpiece using the continuous heating
cooling system of the actual manufacturing equipment. As a result, the prior austenite grain size was refined from
grain size number 7.5 as received workpiece to grain size number 11.5. Therefore, the mechanical properties of
thus prior austenite grain refined samples and the conventional heat treated product were investigated. The
balance of the strength as 0.2 % proof stress and the toughness as room temperature impact absorbed energy of the
prior austenite grain refined samples was improved compared with those of the conventional heat treatment product
and the ductile-brittle transition temperature was also lowered from form —75C to —115TC.

Key words : Grain size refinement, Repeated transformation, Strength toughness balance, Ductile-brittle
transition temperature
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Fig.1 Schematic illustration of the conventional heat treatment and the continuous heating and cooling method (hereinafter, referred as

this method).
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Each 15 work pieces of SCM440 with a diameter of 19mm and a length of 4000mm were quenched and tempered aiming to the same
hardness in this continuous heating and cooling system and in the conventional heat treatment, respectively.
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Fig. 2 Comparison of maximum distortion amount throughout workpiece length processed in this continuous heating and cooling system

and in the conventional heat treatment.
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Table 1 Chemical compositions of test pieces (mass%).

Steel grade (o} Si Mn P S Cu Ni Cr Mo
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Fig. 3 Relations between heating temperature and hardness after
water cooled by experiments for quenching micro structure
from elevated temperature to room temperature.

Fig. 4 Microstructure of water cooled test pieces after heating at
750C (a) and at 770C (b).
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Fig. 5 Influence of cycle number of repeated cooling after heating Fig. 6 Influence of cycle number of repeated cooling after heating
on microstructure. on prior austenite grain size.
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Fig. 7 Method of cutting position of each rough test pieces from investigating bar and shapes of test pieces for mechanical properties.
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Fig. 10 Comparison between grain refined samples and conventional heat treated samples of low temperature impact test results (Each

sample were tempered at 600C).
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Fig. 11 Estimation of surface and center temperature of work piece
during heating in this method by thermal calculation.
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Fig. 12 Actual measured values of center of ¢30 mm SCM440
specimen by each cooling method.
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