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Prediction of Hardenability from Isothermal Transformation Diagram

Minory UMEMOTO, Nobuo NISHIOKA, and Imo TamMura

Synopsis :

A quantitative prediction of hardenability of eutectoid steels from the corresponding isothermal
tranformation diagram is considered. A general equation expressing the transformation kinetic during
continuous cooling of eutectoid steel is derived by combining the isothermal transformation kinetics
with the cooling curves under the assumption that the transformation is additive over the whole trans-
formation temperature range. Based on this equation, the simple equations expressing the values of
critical cooling rate a, and a;, Jominy distance J, and ideal critical diameter D; using the values
obtained from the isothermal transformation diagram are developed. The relationships between D; and
Jo ax}d Dy, H and D, which had been derived by Grossmann et al. based on the half temperature time
are reconsidered from the continuous cooling transformation point of view. The main results obtained
are as follows :

(1) The transformed fraction X of pearlite during continuous cooling can be expressed as,

T=T e-a/n(T -h)2 n In2
X=1— — dT
s ~{/ A vl
(2) Upper and lower critical cooling rate a, and a;, Jominy distance J, and ideal critical diameter

Dj can be expressed as,

=5 617, @=L (015

Jit=8.12x10-5(Ty— T,)(b—T) Z

D}=2.56% 10-2f2(T,— T)(b—T,) Z where Z=t,,\/ a

ng

(3) The values of D; derived from J, and D, derived from D; and H using Grossmann’s method
may be smaller and larger respectively than the actual ones,
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Table 1. The value of m for different nucleation
site.
nucleation site |surface| edge |corner
the value of m 1 2 3
edge
surface
corner-

Fig. 1. Schematic diagram of austenite grain show-
ing three types of nucleation sites. -
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Fig. 2. TTT diagram of carbon steel 1095.
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Table 2. Comparison of Jominy distance with
experimental and present calculation.

steel f;g; b | t, |Jo(exwerimental) ig((i;w::::; ‘
e | (s) (cm) (cm) (cm)
1060 0.32 | 580 | 2,5 0.58 0.51 | 0.48
1080 0.18 [ 550 | 2.5 0.56 0.40 | 0.38
0.6C-3.981 | 0,24 | s10 | 7 0.76 0.86 | 0.83
2340 0.18 | 430 | iz 0.99 1.07 | 1.05
4042 0.11 {500 | 4 0.58 0.41 | 0.41
4068 0.19 | 500 |10.5 1.16 1.03 | 1.00
0.65C-0.1Mo | 0.14 [ 540 | 4 0.66 0.49 | 0.47
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40
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0 L ! 1 1 1 1 1
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Fig. 3. Relationship between Jominy distance, J,
and ideal critical diameter, Dj.
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Fig. 4. Comparison of cooling curves for D1=12.0, 9.5cm and J,—1.5cm.
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Fig. 5. Relationship among ideal critical diameter,
D, severity of quench, H and actual critical diame-
ter, Dy (by GRrOssMANN®).
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Fig. 6. Relationship among ideal critical diameter, D;
severity of quench, H and actual critical diameter,
D, (by present calculation).
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Fig. 7. Comparison of the D~-H-D, obtained by
Grossmann’s method and present calculation.
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