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Abstract — Casting simulation is a virtual process
which ensures casting without defects. It involves
computer-aided  modelling,  pattern  design,
simulation and optimization. Casting simulation is a
proven technique for all major cast metals and
processes. Results are reliable for complex castings.
Fluidity of molten metal plays an important role in
producing sound complex castings. The objective of
the present analysis study is to identify the factors
affecting casting fluidity by changing sprue height,
pouring temperature, and flow rate on the fluidity of
aluminium alloy (AlSi_13). On the basis of casting
variable of sprue height, effect on filling and
solidification vary on spiral.
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l. INTRODUCTION

The Industries from foundry are continuously facing
new challenges to attain high performance materials,
high quality products and economic in costs. Now a
days with emerging technologies in Computer
simulation is gaining importance in foundry
industries in optimization of processes, control
system and product quality (Sabitino et, al. 2004).
Light weight components are in demand for
advanced aerospace and automobile industries. The
thin and intricate casting of alluminum alloy are
extensively used for producing durable and light
weight components. Fluidity is one of the critical
parameter limits the predictability and quality of
casted components. (Sabito and Arneberg).
Fluidity is a property and can be defined as ability to
flow through the given cavity, (Dewhrist, It is
qualitative in term of the solidification length of a
standard spiral casting (Ravi, 2005). Fluidity
depends upon many factors categorized as follow:

Metallurgical variables:

» Chemical Composition of Molten
Metal

» Solidification range molten metal
»  Viscosity

> Heat of fusion

Mould and mould/metal variables:
> Heat transfer coefficient

> Mould and metal
conductivity

thermal

» Mould and metal mass density
»  Specific heat
» Surface tension
Casting Variables:
» Metal head
»  Channel diameter
» Casting temperature (Superheat)
» Oxide/particle content

Fluidity can be controlled and optimized by testing
and analysing combinations of various factors nd
variables.

Birru et. al, in 2011 investigated for the influence of
pouring temperatures on the fluidity of aluminium
alloy range such as: A206, A518 and A713 alloys.
The spiral tests of these alloys were conducted for
temperatures at 680° C, 715° C, and 780° C. when
the pouring temperature is raised from 680° C to
715° C, the constant increment in fluidity length was
found to be ranging from 12.3 cm to 14.3 cm. When
the pouring temperature ranged from 715° C to 780°
C, enormous increment in fluidity length ranging
from 14.3 cm to 45 cm was observed for A206
alloys. The study revealed that increase in
temperature increases fluidity length.

Birru et. al, 2012 observed the decrement of fluidity
with the increment in recycled alloy at minimum
pouring temperatures. The improvement in the
fluidity was observed at maximum pouring
temperature, especially for coated spirals. Recycling
of aluminium alloys when recycled results in
decreased fluidity, influencing the castability of the
alloy. Fluidity measurements were conducted with
double spiral fluidity test consisting of gravity
casting of double spirals in green sand moulds with
good reproducibility. Double spiral fluidity test were
conducted with and without coating at different
temperatures and at addition scrap.
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Fig. 1: Fluidity of A713 alloy without scrap using
coated and uncoated spiral (Birru, 2012)
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Fig. 2: Fluidity of A713 alloy with 25 per cent scrap
addition using coated and uncoated spiral (Birru,
2012)

Kayal et. al, 2011 had studied the effect of SiCp on
fluidity of the LM6/SiCp metal matrix composites.
The study revealed that on increasing the weight
percentage of SiC particles in matrix metal, the
spiral length decreases in comparison to the matrix
metal. Fluidity of Aluminium alloy and its
composites in thin walled castings increases along
with pouring temperature.

Pouring temperature (°C)

Zang et. al, 2009 had investigated the fluidity
evolution of an Al-10% B,C experimental composite
during long holding periods has been investigated by
using a vacuum fluidity test. The study reveal that
fluidity of Al-10% B4C decreases with the increase
of the holding time, and during the first period of
holding time (up to 400 min), the deterioration of
fluidity is faster than the rest. It was found that the
fluidity of the composite melt decreased with the
increase of the holding time.

Il. SIMULATION SET UP

In the experiment AlSi_13 (Aluminium-Silicon alloy)
was taken as a casting material and Green sand was
used as a moulding material.

| CAD
Ve
MetCAS |9 BeCAST P DataCaST P BoCasT iy oS
Meshing Process | |  Sefting Process Process

Fig. 3: Simulation Process of FEM Solver ProCast

MATERIAL PROPERTIES

Green sand were used for preparing mould cavity. It
is a mixture of sand, clay, water and some organic
additives e.g. sea coal. The sand are used for many

reasons including: easily available, elimination of
metal penetration, reduction of burn-on, prevention
of mound erosion, improved surface finish, and
improved casting quality, reduction of scrap, and
decreased cleaning costs. Table.l shows the
composition of Green sand and Table.2 shows
AISi_13 materials composition. All compositions in
Wt %.
Table 1: Green sand composition.

Element Wit%
Silica sand 96% (up to)
Clay 210 5%
Water 210 8%
Binder <0.002

Parting sand <0.001

Table 2: Composition of material
Element Wt%
Si 13

Table 3: Thermo-physical properties of Al-Si and

Green sand
Properties Molten Mould
metal (Al- (Sand)
Si)
Density (Kg/m®) 2600 1.37 X 10°
Viscosity (Pa.s) 1.698 -
Conductivity 355X 10" | 5.90X 10"
(W/m/K)
Specific 1.02 1.03
heat(KJ/Kg/K)
Latent heat 522 -
(KJ/KQg)
Liquidus 572 -
temperature (°C)
Solidus 570 -
temperature (°C)

1. SIMULATION METHOD USING FEM
SOLVER PRO CAST

Fig.4: Part modelling design using pro Pro—E 5.0
software
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-Fig.5: Import Part and mould.box (PARASOLID file
format) into MeshCast. (It is a portion of Pro CAST).

Fig.6: Assign boundary condition
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Fig.7: Filling simulation of the spiral.

IV.EFFECT OF VARIATION OF SPRUE
HEIGHT ON FILLING AND
SOLIDIFICATION

With the help of simulation, experiment is
performed to obtain the filling time through different
sprue height in the spiral. In the following
simulation 150 mm, 200 mm, and 250 mm sprue
height were used separately to fill the molten metal
in mould cavity of spiral cast part of 10 mm
thickness. Filling time has been shown in the
following figures:

Filling effect at sprue height:

Fig.8: Filling time analysis for Sprue height of
150mm

mm

Fig.10: Filling time analysis for Sprue height at 250
mm.

Filling simulation result shown in table:

Table 4: Casting filling variation at different sprue

height
Sprue Casting %Variation
height filling time (Reference to 150
(mm) (s) Sprue height)
150 3.503 0
200 3.581 2.22
250 3.653 4.28
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Location of thermocouple:

Fig.11: Location of thermocouple

V. RESULTS

Time — Temperature graph for sprue height

Using simulation, temperature behaviour of spiral is
studied at each quadrant of round of spiral and
taking average of the temperature at each quadrants
of spiral round like as R1, R2, R3, R4, R5, R6, and

Time

Fig.12: Time- Temperature plot for sprue height
(h = 150mm)
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Fig.13: Time-Temperature plot for Sprue height
(h =200mm)
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Fig.14: Time-Temperature plot for Sprue height
(h =250mm)

Here results concludes that, the percentage
variation in casting filling time varies from 0 to 2.2
to 4.28 with changing sprue height from 150 to 200
to 250 mm respectively.

VI.CONCLUSION

Casting solidification simulation is useful for
predicting fluidity length of cast part for its standard
development.

Simulation of filling and solidification using FEM
based solver, ProCAST

FEM based solver ProCAST gives closer result to
actual shop floor result for filling and solidification.
By using FEM solver, results may be found out for
not only filling and solidification parameters but also
for whole area inside casting. It gives results
approximately near to the experimental work
performed.

Analysing method design using FEM based solver,
Pro CAST

It is required to have sufficient knowledge of
Foundry and other thermo-mechanical properties, for
performing method design in FEM based solver,
ProCAST. It predicts better results obtained for
estimation of fluidity length with standard form
based upon the casting parameters’ like temperature,
velocity, flow rate & sprue head.

Interpretations of simulation results

ProCAST gives results related to fluidity length of
solidification of the casting part however it takes
more time. It shows the result once the solution run
is completed. It also gives more accurate result in
comparison to VEM based solver AutoCAST.
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