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Influence of Ductility and Toughness on Heat-Check of SKD61

Masamichi KAWANO

Synopsis

The influence of ductility, impact value and fracture toughness on thermal fatigue crack propagation of SKD61 which was
treated to 45 HRC was investigated by heat shock test. These three properties are quite different between martensite and
bainite. Other properties such as Young’s modulus, coefficient of thermal expansion, thermal conductivity and high temperature
strength are almost the same for different microstructures. No significant difference in crack propagation could be seen between
martensite and bainite up to approximately 1.7 mm depth of crack in the heat shock test. Therefore, it could be concluded that
shallow heat-check is not affected by ductility and toughness. Accordance with this result difference of crack growth rate between
microstructures could not be seen in the small region of stress intensity factor range. Unlike gross cracking it could be assumed
that heat-check is a crack propagation phenomenon under the condition of small stress intensity factor range.
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Table 1. Chemical composition (mass%).

Steel C Si Mn | Cr | Mo \ N
SKD61 | 0.37 | 0.92 | 0.45 | 5.20 | 1.20 | 0.83 |0.009

Fig. 1. Difference of microstructure by quenching method
from 1030°C. (a) is martensite given by rapid
cooling and (b) is bainite given byretarded cooling
of 0.5 °C/min in low temperature region.
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Fig. 2. Young’s modulus.
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Fig. 3. Coefficient of thermal expansion.
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Fig. 4. Thermal conductivity.
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Fig. 5. High temperature strength.
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Fig. 6. Reduction of area as ductility.
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Fig. 7. Fracture toughness.
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Fig .9. Strength of rotating bending fatigue.
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Fig.10. Crack tip at bottom of notch of specimens in heat shock test.Specimens were heated to 580 °C then forced

water shower cooled. Next heat cycle starts at approximately 150 °C. Ni-alloy plating was treated after test.
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Fig.11. Crack propagation from bottom of notch.
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Fig.12. Crack after 3000 cycles of heat shock test.
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Fig.13. Crack growth behavior at room temperature.
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Fig.14. Thermal fatigue behavior in standard axial-force-
type test of round bar.
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