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ABSTRACT

This work aims to predict the shrinkage cavities of Al-12%Si castings by
using the solidification simulation model. The locations, volumes, and extensions
of these cavities were predicted by applying new method. This method consists a
computation process of the nodes volume variation through the variation of their
densities with time, then subtracting the equivalent of these variations from the
hot spot nodes. Additionally, an experimental study was performed to check the
competency of the prediction method and the model through study the effect of
the pouring temperature and the castings geometry on the cavities volume and
locations in these castings. It was found that, the present method and model
brought out a good prediction of the cavities volume and locations. Also, they
showed a good responding to the variations of the castings shape and pouring
temperature.
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INTRODUCTION

Shrinkage phenomenon is the main source of most casting defects. The
reason of solidification shrinkage is the fact that the density of the solid state is
higher than that of liquid state. Many research concentrated towards the
shrinkage defect prediction by casting modeling. The first published reference to
the use of the digital computer in a foundry related application is that of Fursund
['] in Denmark at (1962). Heat-transfer models, do not in themselves model the
formation of porosity, but the physical interpretation of data leads to get
indicators of porosity [* ®]. Daws [*] built up a two dimensional mathematical
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model in metal region and a one dimensional model in mold region. The model
was used to check the validity of the freezing isotherm and location of the zone of
cavity formation in casting. A measurement of the porosity of aluminum cast
alloys using fractal analysis was carried out by huang and Lu [*]. This method uses
two dimensional parameters (roughness D and sphericity B). A porosity
distribution map can be constructed to describe the shape and distribution of the
pores in the microstructure. Othman [°] built up a three dimensional
mathematical model to estimate the shrinkage defects. From the results of
calculating the solidification time, the appearance of a closed loop in the
solidification time contours was the indication for the prediction of the shrinkage

defects in castings.

The present work aims to evaluate a new method of shrinkage cavities

prediction which can be employed in the casting simulation model. Also, it aims to

check the responding of this model to the variations of pouring temperature,
casting shape, and their effects on the shrinkage cavities volume and locations.

MATHEMATICAL MODEL AND NUMERICAL SOLUTION
The Fourier heat conduction equation is used as a mathematical model for

the casting system components, which is:
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where the p is the density, C,, is the specific heat of casting, T is a time step,
and the term pcp(aT/ar) is the transient term. In the right side the three terms

represent the heat conduction in three-direction with thermal conductivity K. A
source term g* is an internal heat generation for solidification under equilibrium
condition. This term can be described as [']:
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Where L denotes latent heat distributed over the solidification range, so it
is a function of the solid fraction f.
After discretization of the whole domain and using the forward difference for
the time derivative and the central difference for the spatial second derivative,
the approximation resulting in:
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THE PRESENT METHOD OF SHRINKAGE CAVITIES PERDICTION

1-Determination the temperature of each cell at each time step.

2-Comparing the temperature of the casting nodes with the solidus temperature,
if the node temperature is less than or equal to the solidification temperature,
the fraction of solid in this node will set to 1.

3-At each time step, the isolated liquid regions R ( Tcen > Tiiquidus) are identified in
the casting and the flag of node will be 3.

4-At (t+1) time step, the volumetric change in each node (AV) is computed from
the change in density (p) as following:

AV =V'-V* =V'xp (4)
where (V) is the initial volume (beginning of time step) of specific node,

(V") is the next volume (end of time step) of the same node, and (B) is the
shrinkage ratio. So;

V'[+l
po1-

(5)

from the mass conservation principle, the relation will be:
t

p=1-" ©®)
Yo

finally the volume change becomes:
t

AV =V'1-L) (7)

t+1

The density in the mushy region is calculated from its values at solid and liquid
states and the value of solid fraction (f;) at a specified temperature (T) is
calculated using the mixture rule which it is:

P= fspsol +(1_ fs)pliq (8)
while the solid fraction at this temperature is computed from the following
equation [*]:

T-T
fs = 1- :
(TI'TSJ ©)

where (Ts) and (T;y are the solidus and liquidus temperatures.

5-The total volume change of the region at the time t+1 is:
AV = X AV (10)
(i.jk)eR
6-The total volume change of the region at the time t+1 is divided by the volume
of node to obtain the number of nodes that must be removed.
7-The top layer of the remained liquid and the maximum temperature node of the
top layer are defined.
8-The total available liquid volume of the top layer V| is estimated in the region
R

109



Journal of Thi-Qar University Special number Vol.5  March/2010

9-The total volume contraction is subtracted from the top layer of the maximum
node Vk max Within the top of liquid region.

10-The first shrinkage cavity will appear at the top of the highest temperature
part of casting. For an isolated liquid region, this procedure will produce a
shrinkage cavity within the casting in the same manner as above from the
maximum nodes temperature.

11-After all cells have been considered; the new temperature distribution for both
metal and mold is calculated and the above procedure for all the cells including
metal will be repeated.

12-The procedure is repeated until all the liquid becomes solid.

The basic structure of the program which was built up by using FORTRAN 90
language which is illustrated in figure (1).

EXPERIMENTAL PROCEDURE

To ensure the competency of the present method and the computer model
in simulation and cavity prediction, a real casting of six different shapes and
dimensions of Al-12%Si samples (figure 2) were performed. The melting process
iIs done in a gas furnace, and then the molten metal degassed with C,Clg and
poured in sand molds. These samples were prepared to study the effect of the
sample shape and the pouring temperature on location, extension and distribution
of the shrinkage cavities, and to inspect the model response value in prediction
these variations.

RESULTS AND DISCUSSION

Figures (3 to 8) belongs to the casting samples (1 to 6) respectively.

Every figure consists of real section (part a) and simulated section (part b) of
these castings. Figure (3) shows good agreement between the simulated and
experimental estimations in both volume and location of the primary pipe and the
internal cavity.

Another good agreement is shown in figure (4) of sample (2), whereas the

rectangular casting is free of defects which reflects the affectivity of feeder in

compensation the molten alloy to the hot center. On the other hand, the

shrinkage concentrated as deep piping in feeder with simple difference in the

nature (distribution, shape) which can be attributed to the low overheating
temperature before pouring.

In figure (5) the model of sample (3) succeeded in prediction the shrinkage
defects locations and volume in both the feeder and casting center with a
difference in the nature, so in real they appear as dispersed small cavities, while

they appear as big cavities in simulation. This difference can be attributed to the
low overheating temperature of the melt before pouring and to the dendritic

solidification behavior which was not taken into consideration through model
construction.

110



Journal of Thi-Qar University Special number Vol.5  March/2010

Figures (4) and (5) develop the ability of the model to comply with the
change of gate thickness in feeding success to the shrinkage volume in sample(2),
and feeding hindering to the shrinkage volume in sample(3).

Figures (6) and (7) which belong to samples (4) and (5) were cast from the

thin side without feeders. They show the success of the model in prediction of

shrinkage cavities concentrated at the thick side of the casting which plays as a
feeder to the thin side.

Sample (6) which was cast with feeder, develops an additional success of

the model in anticipation of the shrinkage defects despite they appear as big
cavity in the casting center in contrast with real so they present as dispersed fine
cavities (figure 8). This difference was already explained.

The Effect of The Pouring Temperature

Sample (1) was used to inspect the model responding toward the melt

temperature change through study the effect of pouring temperature on the

shrinkage cavities volume and location. A casting process was carried out at three

different pouring temperatures (590, 610, and 630 °C). Figures (9, 10 and 11)

illustrate the real section (part a) and simulated section (part b) of the three
above cases.

Overall the simulated and experimental results show good qualitative
agreement, so the model has an acceptable reacting to the pouring temperature
change. Additionally, the pouring temperature has no effect on the location of

shrinkage cavities.

Figure (12) presents the variation of simulated shrinkage cavities

volume with the pouring temperature change. It increases with increasing the

pouring temperature. However, the program deals with liquid and solidification
contractions clearly by considering the density variations with temperature.

It can be noticed that beyond 610°C, there is a dramatically increase in
volumetric shrinkage. This can be due to that, the raising of pouring temperature
promoted the appearance of the shrinkage cavities instead of microporosities,
because the model was designed to detect the cavities only.

Figure (13) shows the simulated relationships between volumetric
shrinkage and solidification time for the three different pouring temperatures of
sample (1). It seems that volume shrinkage increases rapidly until time of (20)
second, because the effect of the mold walls which cause a high cooling rate at the
beginning of solidification, so it makes a lot of nodes change from liquid to solid
state rapidly, while after that, the number of nodes that changes from liquid to
solid state decrease due to the latent heat evolution. Also the metal nodes that far
from the mold wall will have a low cooling rate, so it needs long solidification
time, thus the volume shrinkage increases slowly till all the nodes become solid.
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CONCLUSIONS

1- The simulation model using the present method of nodes volume
computation developed a good prediction of shrinkage cavities volume and
location in different Al-12%Si casting shapes.

2- The model showed a good responding to the castings shape and pouring
temperature variations.

3- The simulated shrinkage cavities volume increased with increasing
pouring temperature.

4- During the solidification process, the simulated shrinkage cavities volume
started with rapidly increasing, then it gradually slowed.
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Figure (1) the basic structure
of FD-Program
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Figure (2) the isometric drawing and dimensions (in mm) of the following
cast samples:
a-sample(1) b-sample(2) c-sample(3) d-sample(4) e-sample(5) f-sample(6)
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Figure (3) Shrinkage cavity of sample (1), pouring temperature 5¢

Fiaure (4) Simulation and exnerimental restilts for samnle

Finure (5) Simulation and exnerimental results for
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Figure (7) Simulation and experimental results

Figure (8) Simulation and experimental
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Figure (11) Shrinkage cavity for sample (1), pouring temperature 630°C, 0.73>
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Figure (12) Increase of volumetric shrinkage cavity in cast (1) as metal pouring

temperature is increased.
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Figure (13) Increase of volumetric shrinkage cavity for cast (1)
at different pouring temperature with solidification time.
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