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Abstract :

We attempted to develop low alloy steel with high strength and ductility using machine learning.
The martensite steels were tempered at two stages, and fine and coarse cementite particles were
mixed. The strength-ductility balance was improved by using water cooling between the first and
second tempering stages. Moreover, the strength-ductility balance was also improved by tempering
at a low temperature in the first stage and at a high temperature in the second stage. Based on
these experimental results, multi-objective Bayesian optimization was used to further improve both
tensile strength and total elongation. As a result, we revealed that it is crucial to spheroidize
cementite particles and maintain the size ratio of coarse cementite particles to fine cementite

particles within a certain range in order to improve the strength-ductility balance.
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Fig. 1 Relationship between tensile strength and total elongation of tempered specimens.
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Fig. 2 Effects of (a) cooling conditions between first and second tempering stages and (b) tempering temperatures
at first and second stages on tensile properties.
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Fig. 3 Microstructures of tempered specimens (a) A, (b) B, and (¢) C indicated in Fig. 2.
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Fig. 4 Tensile properties added in Fig. 1 with data updated
by multi-objective Bayesian optimization.
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Fig. 5 Microstructures of (a) inferior and (b) Pareto solutions for tempered specimens with low strength.

Table 1 Tensile properties in tempered low strength samples with inferior and Pareto solutions.

Tensile strength  Total elongation Tensile strength X Total elongation

(MPa) (%) (MPa - %)
Inferior solution 479 26.7 12789
Pareto solution 469 38.9 18244
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Fig. 6 Microstructures of (a) inferior and (b) Pareto solutions for tempered specimens with high strength.

Table 2 Tensile properties in tempered high strength samples with inferior and Pareto solutions.

Tensile strength  Total elongation Tensile strength X Total elongation

(MPa) (%) (MPa * %)
Inferior solution 639 18.1 11566
Pareto solution 627 27.3 17117
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