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New Meanings to Resolve Inverse Quench-Hardening

Phenomenon

Synopsis: In oil quenched bearing grade steels, hardness distributions have occasionally
exhibited lower hardness values at the surface than at the core. This phenomenon
is referred to as “inverse quench-hardening”. The Finite Element Method (FEM)
system was utilized to predict the inverse quench-hardening phenomenon induced
in cylindrical specimens quenched into 5% brine after air-cooling. The simulated
results have clarified the reasons for why the phenomenon occurs. Resolving the
inverse quench-hardening phenomenon using experimental and simulated results
has been meaningful to evaluate and enhance the model of diffusion type
transformation with latent heat.
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Table 1 - Nominal compositions of the SUJ2 steel specimens

Specimens .

(Diameter x Length) c St Mn cr
10mm x 40mm 1.01 | 0.24 | 0.41 1.46
15mm x 40mm 0.97 | 0.25 | 0.42 1.46
20mm x 40mm 1.02 | 0.24 | 0.36 1.36
25mm x 50mm 0.95 | 0.27 | 0.37 1.37
30mm x 60mm 0.96 | 0.27 | 0.38 1.35
36mm x 80mm 0.97 | 0.26 | 0.40 1.39
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Fig. 1 - Hardness distribution in specimens of various diameters quenched into 5% brine after air
cooling for various periods
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Table 2 - Nominal compositions of the bearing steels from which TTT was created

Grain
Steel C Si Mn S P Cu Ni Cr Mo \ . Austenized temp.
size
52100 1.02 0.36 0.20 | 1.41 9 843°C
En31 1.08 0.25 | 0.53 | 0.015 0.022 0.33 | 1.46 0.06 7 820°C (for 30min)
100 Cr 6 1.04 0.26 | 0.33 | 0.006 0.023 | 0.20 | 0.31 | 1.53 | <0.01 | 0.01 860°C
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Fig. 2 - Properties of TTT curves of three bearing steels
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Fig. 3 - Heat transfer coefficient for air cooling and 5% brine quenching
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Fig. 9 -Temperature and pearlite volume fraction predictions at center and surface locations in a
52100 bearing steel cylinder (20mm dia.) for both air cooling and 5% brine quenching
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