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FINITE ELEMENT MODELLING OF SOLIDIFICATION OF ZINC ALLOY
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Abstract: The solidification process of Zinc alloy is modelled by solving heat transfer equations with the
aid of finite element method (FEM) using appropriate boundary conditions at the mould walls. The
commercial software, Matlab, has been used to model the solidification process. The temperature profiles
for each casting condition were determined. The model demonstrated capahility in predicting accurately the
location as well as the shapes of heat centres in any casting. The calculated shapes of the heat centers are
in good agreement with experimental results for the various casting conditions. The FEM modeiling also
serves as useful tool for designing feeders for the heat centres.

Keywords: finite element, modelling, zinc alloy, heat transfer process

1. INTRODUCTION

Most  metallic components are
produced in their final form by casting
techniques or initially in form of ingots by
pouring the molten metal into a mould where
solidification takes place. The control of
solidification rates is very essential if the casting
must be sound and meet the required mechanical
properties. A number of problems are associated
with the solidification processes. In a binary or
mulu-component alloy micro-segregation of the
elements occurs and the final microstrcuture is
determmed by the solidification rates. Macro-
defects such as cracks, micropores, and hot tears
are usually observed in some castings or ingots
and these defects concentrate mainly in the last
region to solidify or the so-called heat centres
due to shrinkage upon solidification [1]. The
shrinkage can be avoided by introducing feeders
at the heat centres. The identification of the heat
centre is therefore crucial because it can be used
in the design of feeder and in calculating the
value of feed metal. The usual method for
predicting the location of heat centres is by
modulus concept]2,3] but the calculation can be
in error because the value of the modulus
depends on the location as well as the cross
section of the casting. The solidification process
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is essentially heat transfer problem, and so the
solidification rate and the temperature
distribution can be calculated by solving
appropriate heat conduction equations {4-8].

The aim of the present work is to carry
out heat transfer analysis of castings of different
shapes by finite element methods so that the heat
centres can be identified and the shape of the
shrinkage region predicted.

2. FINITE ELEMENT FORMULATION

The finite element method (FEM) is a
versatile numerical tool for solving differential
equations arising from physical problems and
has the capability to handle complicated
boundary conditions. In the present work, the
heat conduction equation in two-dimension is
solved but the basic mathematics involved as
well as the finite element technique is well
known; so only a bnef description would be
undertaken. The mould is assumed to be in two-
dimension and the governing heat conduction
equation can be expressed as:
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where pc is the thermal capacity and k,, k, are
the thermal conductivities in x, y directions. Q is
the heat source. The numerical approach of FEM
considered in the work consists of drawing the
shape of the casting to be modeled and then
discretising the shape into triangular elements so
that temperature at each node of an element is

. .approximated as:

T =Y NT(t) 2)
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where T; (1) is the time dependent temperature at
node i and N; is the interpolation function. The
approach of FEM is to obtain the best
approximation to the temperature, T, and thus we
test the heat conduction equation for T against all
possible shape functions. This implies that the
residual of equation (1) is multiplied by the
shape function and then integrated i.e:
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For a specified domain, either the temperature,
T, is prescribed on a part of the boundary or the
heat flux is prescribed on the remaining part of
the boundary. The heat flux between the outer
wall, of the mould and the surroundings can be
written as:

q=hT,, -T,) )
where h is the heat transfer coefficient, T ,,, and

T, are the mould temperature and surroundings
respectively.

After integration by parts we obtain a linear
system of equations, which can be expressed in
matrix form as [9]

KT +CT=F (5)

The matrix elements can be obtained from:

K,= Z J MNP p K, 270 Yaxdy
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er

shrinkage is due mainly to volume contraction in
the region that solidified last. Since heat
extraction Starts from the wall of the mould

3)

N dxdy =0

the summation is carried over every element. A
detailed procedure for the transformation of
equation (1) into a finite element formulation is
well documented [9,10]. A typical discretisation
of an L-shape is shown in Fig.l and the
temperature for each node is determined by
solving a large number of linear equations
resulting from equation (5). A number of
commercial software is available for mesh
generation and for solving the linear equations.
For this particular work we have made use of the
FEM package available on Matlab version 6.1.

3. MODEL CASTINGS

The aim of this experiment is to reveal
the actual location of heat centres or the
shrinkage regions in castings of some specific
shapes as examples.

Wooden patterns, having a L-shape and
a circular-shape, were cut and zinc castings of
these shapes were produced by sand casting
techmque (synthetic sand). However since the
occurrence of shrinkage is purely a solidification
problem, the locations of the heat centres do not
depend on the alloy used in the casting. The
photographs of the castings were taken to show
in particular the shrinkage regions.

4. RESULTS AND DISCUSSION
The photographs of the zinc castings, having a L-
shape and a circular shape, are presented in
Fig.2. tor the L-shape casting, the shrinkage
' las an appearance of a half-moon and it is
22 in the bend. In the same figure the

ge shape is circular for the circular
casting and it is located at its centre. The
volume contraction would obviously occur in the
bulk of the casting. away from the mould wall.~
However, previous calculation of heat centers



EE Nig. J. of Pure & App! PI'vacs Vol 3 pages 21-27, 2004

based on modulus is not capable of determining the shape of  the heat center.
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Fig.2: Photographs of model castings showing the location of shrinkages.

The heat conduction equation is then condition is imposed etther in form of
solved for any desired shape and the boundary
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temperature on a part of the boundary or as heat
flux which is written in the form:

n'k’VT +h'T =q )
where h controls the degree to which heat is lost
from the casting during solidification or cooling,
q is the heat flux and n is the normal to the
surface.

The corresponding FEM calculations for
L-shape and circular shape castings are shown in
Fig3 and Fig. 4 respectively. The initial
temperature of the melt was specified at the
boundaries as 420°C and the temperature of the
surrounding as 25°C. The contours of the
temperature distribution actually give exact
similarity with the shape of the shrinkage region
obtained from the actual casting. The innermost
contour actually depicts shape of the last region
to solidify or the heat centre, a half-moon for L-

shape casting and circular for the circular
casting. The FEM calculations are in accord with
similar calculations based on modulus concept of
determining the heat centres[2] but provide
better details on the shape of the heat centres,
Thus the FEM modelling can be used to design
appropriate feeders for the different heat centres.

Due to the success of these calculations
in determining the temperature distributions of
well-known shapes, we have also applied the
FEM technique to model the solidification
process of ingots, under certain peculiar
conditions. In the solidification of ingots certain
defects such as blowholes and piping are
common at the heat centres [11]. One way of
reducing the cropping losses is to control the
solidification rates by covering the top of the -
mould with insulating materials.
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Fig. 3: Temperature profile in an L-shaped object showing the +hape of h.at centre
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Fig.4: temperature profile in a circular-shape object showing the shape of heat centre
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Fig.5: Temperature profile of an ingot with the top covered with insulating material during solidification
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A typical shape of an ingot is modeled
in Fig.5 where the top is insulated as it is
sometimes done in practice. For this case the
boundary condition at the top is prescribed in
form of Neumann condition and the heat flux is
set to zero. The temperature profile (Fig.5)
predicts the shape of the shrinkage region usually
observed in practice when the top of the mould is
insulated [11]. Another way of reducing piping
in an ingot is to cover the top of the mould with

an exothermic mixture commonly referred to as
hot tops. Theoretically it is the boundary
conditions that are altered in various parts of the
casting. The solidification process in this case is
modelled by maintaining the cover of the mould
at a temperature (600°C) higher than the molten
metal (420°C). The FEM prediction is shown in
Fig.6 in form of temperature contour and it is
again in excellent agreement with the situation
encountered in practice [11].
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Fig.5: Temperature profile of a casting with the top covered with exothermic mixture

5. CONCLUDING REMARKS

The solidification process is modelled by
carrying- out heat transfer analysis, using finite
element method, for different casting geometries.
The modelling predicted the location of heat
centres and the shape of shrinkage regions in
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