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Prediction of Shrinkage Cavity in Heavy-Section Ductile
Cast Iron Using CAE Considering Volume Change During

Solidification

Yutaka Miyamoto* and Haruki Itofuji**

A new analysis parameter, which is the volume balance during solidification in heavy section ductile cast irons, was adopt-
ed to predict shrinkage cavities by computer simulation. To realize higher precision and quantify the behavior of expansion /
contraction during solidification, the temperature and solidification ratio of each reaction stage from the start to completion
of solidification were determined by the tangent line method. The expansion / contraction amounts of each reaction were
calculated from chemical compositions of carbon and silicon and the initial temperature of the test material. Finally, the ex-
pansion / contraction degree was calculated by dividing the amounts of the expansion / contraction at each reaction by the so-
lidification ratio. The quantified value was input into the casting simulation software as the expansion / contraction amounts.
The result showed better matching compared to the actual shrinkage phenomenon.

Keywords : ductile cast iron, heavy-section, CAE, simulation, shrinkage
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Table 1 Physical properties and heat transfer parameters
for plate test blocks.
A T O Y VEAE K O BE R S 1.

Casting| Mold | Chill | Sleeve
Density (kg/m’) 7000 1550 7850 650
Specific heat (kJ/(kg-K)) 1.047 | 1.047 | 0.670 | 0.921
Thermal conductivity (W/(m-K)) 20.93 1.05 33.49 0.46
Latent heat (kJ/kg) 209 - - -
Casting/Mold:4186.2

Casting/Chiller:1395.4
Casting/Sleeve:837.2
Mold/Chiller:8372.4

Mold/Sleeve:837.2

Heat transfer coefficient (W/(m2~K))
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Fig. 2 Casting design for plate test blocks. (Unit; mm)
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Fig. 3 Temperature and time schedule for melting, liquid

treatment and pouring.
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Table 2 Chemical composition of plate test blocks. (mass %)
P DALEHIR. (mass%)

C Si Mn P S Ce Mg CE
3.31 2.38 0.30 0.06 0.011 Trace 0.059 4.10
1600
- -—-- Riserless
1550 - = Pad
— -+ = Chiller
1500
B
g
Ei
g C
g 1450
g
o
1400 | -
1350 | .
\ 'y
1300 ! L} : '
0 1000 2000 3000 4000 5000 6000
Time,sec

Fig. 4 Cooling curves during the solidification of plate
test blocks.
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Fig. 5 Relationship between temperature and solidification ratio at each reaction of plate test blocks.
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Fig. 6 Relationship between expansion and contraction at each reaction of plate test blocks.

LI D B BUSHFIZ B 1 5 [5R & IUH O B 1.

Table 3 Theoretical volumetric change of plate test blocks.
A DB R AT ZE LR, (vol%)

(Contraction of austenite and

(@Primary austenite

. — A . : : Volume change from
Casting @qu\nd < expansion of graphite @ Austenite contraction : c .
: ] contraction ) P v ; pouring to completion
desgin contraction : : during eutectic solidification between eutectic cells s
or graphite expansion Contraction Expansion of solidification
(a)| Riserless -2.48 -0.27 -3.16 6.35 -0.19 0.25
(b) Pad -2.28 -0.27 -3.21 6.37 -0.15 0.46
(c)| Chillers -1.37 -0.27 -3.16 6.43 -0.23 1.40
(d) Riser -2.63 -0.27 -3.17 6.34 -0.17 0.10
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