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Evaluation of Nodularity in Ductile Cast Iron by Image Analysis

Dae-Heon Joo, Joo-Seung Park* and Myung-Ho Kim'

Abstract

In determining properties of ductile cast iron, it is well known that nodularity plays a significant role. Therefore, the national
and/or international standards for ductile cast iron such as KS, ISO, ASTM and JIS have specified some methods for evaluating it.
However, most of standards have not recommended the methods using image analyzer which is known as an objective analyzing
tool for evaluating microstructure. In this study, a reliable method for evaluating nodularity by image analyzing method was
proposed, and the result was compared with that from the common counting method proposed in KS D 4302-1999. It was found

that there was a reasonable relationship in nodularities measured by these two methods.
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Fig. 1. Reference diagrams and distributions of area fraction
for graphite form designated by KS D 4032-1999,
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Fig. 2. Gaussian distributions of graphite area fraction

designated by KS D 4032-1999.
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Table 1. Graphite shape factors assigned for calculating nodu-
larity by Equation 2

Graphite form v V, VI
Range of graphite area fraction(%) 47~65 >65
0.1 0.1
0.3 0.3
Sa 0.5 0.5 1
0.7 0.7
0.9 0.9
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Fig. 3. Gaussian distributions of graphite area fraction of
standard pictures IV and V.
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Fig. 4. Comparison of nodularities measured by image analyzing and common counting methods; (a) S;=0.1, (b) S5=0.3, (¢)

S;=0.5, (d) Sg=0.7 and (¢) Sg=0.9.
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Fig. 5. Comparison of nodularities measured by image analyzing and common counting methods; (a) Py/P, =1, (b) Py/Pr, =2,

(C) PV[PIV =13 and (d) PV/PIV =3.
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Table 3. Linear relationship between nodularities by image

analysis and common counting methods

Shape factor(Ss) a b R SD
0.1 0860 078 0910 990

0.3 0820 757 0920 880

Fry 0.5 0780 1436 0928  7.95
0.7 0740 21.15 0931 742

0.9 0710 2794 0926 7.8

1 0.805 348 0944  7.86

2 0804 930 0951  7.15

Pv/Pry 3 0810 1209 0955  6.93
5 0810 1533 0955 692
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Table 4. Incorrect rate of modularity between image analyzing
and common counting methods

Shape factor(S;) .Under . Over Incorrect
estimated(%) estimated(%) Rate(%)
0.1 33.3 1.1 34.3
0.3 23.7 2.2 25.9
Fry 0.5 5.1 5.4 20.5
0.7 9.7 5.4 15.1
0.9 6.5 5.4 11.9
I 35.6 0.0 35.6
P/P,, 2 21.1 11 21.2
3 8.9 6.7 15.6
3 33 6.7 10.0
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