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Prediction of Shrinkage Cavity Occurring Position with
Consideration of Volumetric Change during Solidification
of Heavy Section Ductile Cast Iron

Yutaka Miyamoto* and Haruki Itofuji*?

The purpose of this research is to study the prediction method of shrinkages occurring in sample ductile cast iron castings.
Sample castings had dimensions of 1000 x 1000 X 750 mm and wall thickness 75 mm, and convexities of different heights
at each side wall. In order to investigate expansion / contraction behavior during solidification, the critical reaction point of
solidification curves was obtained by the tangent line method, and the expansion / contraction amount of change points at the
time of solidification was calculated from chemical composition and initial temperature. The expansion / contraction degree
was calculated by dividing the amount of expansion / contraction at each reaction stage by the solidification ratio. As de-
scribed above, it is possible to quantify the behavior of expansion / contraction occurring during solidification. The quantified
value was input into simulation software as expansion / contraction amount. In this study, the solidification curves of three
different test blocks pre-measured to have a modulus of 2 cm, 4 cm, and 10 cm were compared. In actual castings, shrinkage
was not observed in the cross-section of the convex portion of 250 mm. On the other hand, shrinkage cavities were observed
in other convex parts. The shrinkage occurred above the final coagulation position. Moreover, shrinkage amount decreased
as the height of the convex portion increased. The analysis results showed that the method used in this study well suits the
actual shrinkage tendency. On the other hand, the conventional prediction method adopted in this study was not suitable.
As a result, by applying the expansion / contraction behavior to the contraction prediction, the shrinkage cavity exhibits the
same tendency as the actual contraction and the contraction distribution area decreases as the convexity increases. More-
over, the shrinkage occurs at the same position as the actual casting.

Keywords : ductile cast iron, heavy-section, CAE, simulation, shrinkage
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Table 1 Physical properties and heat transfer
parameters for test block.
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Density (kg/m") 7000 1550
Specific heat (kJ/(kg-K)) 1.047 1.047
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Table 2 Theoretical volumetric change in blocks with modulus 2, 4, 10cm. (vol%)
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Fig. 6 Relationship between expansion and contraction at each reaction of blocks with modulus 2, 4, 10cm.
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Fig. 7 Shrinkage distribution in convex section of test
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Table 4 Analysis condition of prediction methods and characteristics of shrinkage cavity in actual castings and

analysis.

B TR0 D BEE K O &R D O P H: 0 51

Analysis condition Shrinkage cavity
Item name ACritical. ) » Direction Occurrence tendency .
solid fraction| Contraction ratio (%) . Form Occurrence position
of gravity | (Modulus :Small — Large)
for flow
Actual test block Large — Small lntemél miero 4AAbove'the hnz}l'
shrikage solidification position
: g Internal micro
1&M's Criterion 1.00 ExpanS|‘on /contra?tlon Applied Large — Small shrinkage A_bove 'the ﬁne?l'
behavior calculation i solidification position
(Qualitative)
Niyama criterion Large = Small (Qualitative) Final solidification position
Internal micro . e finl
Mushy 0.15 3 Applied Small — Large shrinkage Above the final
(Quantitative) solidification position
Filled ratio
. i . External shrinkage Above the final
Sidin formation 0-80 3 Applied Soall = Latge (Quantitative) solidification position
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