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The Method of Prior Austenite Grain Refining
Using Induction Hardening
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Abstract:

A technique for obtaining ultra-fine prior austenite grain in the high frequency induction quenched portion for
automotive parts was developed for increasing strength. The prior austenite grain size greatly depended on the
maximum heating temperature of the induction quenching and the addition of Mo. Choosing maximum heating
temperature of above Ac3 and adding up to 0.4 mass% of molybdenum make the prior austenite grain remarkably
fine. The prior austenite grain size obtained was about 3 um. The tensile properties of the induction quenched
portion showed the tensile strength of more than 2 000 MPa and the elongation of more than 10%. The strength/
ductility balance of the high frequency induction quenched portion is superior than that of conventional quenched

and tempered steel.
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Hyey= 7 I H(r)r’dr  a: Radius of parallel portion,
H(r): Hardness,
r: Distance from center®
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Fig.1 Relation between torsional fatigue strength and
equivalent hardness of 0.40-0.53% C steels
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Fig.2 Effect of additional element on prior austenite grain size

—_
(=]

Prior austenite grain size (um)
—_— N W R LN 0 O

0 02 04 06 08 10 12

Mo content (mass%o)
K3 MoENIHYRNRICHELITTHE

Fig.3 Effect of molybdenum content on prior austenite grain
size
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Fig.4 Effect of heating rate, maximum heating temperature, and time from maximum heating point to cooling start on prior austenite
grain size
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Table 1 Chemical composition of steels
(mass%; B, N, O: ppm)
Steel C Si Mn P S Al Mo Ti B N O
Developed steel | 0.48 0.74 0.61 0.013 0.015 0.027 0.40 0.025 24 42 10
S53C 0.53 0.21 0.87 0.015 0.006 0.027 Cr=0.15 — 52 10
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Photo 1 Prior austenite microstructure of induction heated
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Photo 2 Prior austenite microstructure of the steel after cold
rolling, induction heating, tempering
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Fig.6 Relation between uniform elongation and yield stress
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Table 2 Residual stress of rotary bending fatigue specimen
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Fig.9 Transmission electron microscopic photo of
molybdenum precipitation and energy dispersion X-ray
spectrum from precipitation indicated by arrow
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