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The purpose of this research was to simulate the investment casting
process of the supercharger blade and its practical implementation
based on the simulation results. For this purpose, the desired
specimen after modeling was first analyzed in Pro-Cast software. The
results of this simulation showed that the solidification of the piece
starts from the edges and moves towards the center of the piece, and
therefore the volumetric and surface shrinkage defects are not
concentrated due to unbalanced thermal gradients in the center.
Heat transfer from the edges to the center is much faster due to the
thermal conductivity of the edges as well as the thinness. For
practical implementation, the desired specimen was designed and
used by a polymer 3D printer. Then, the silicone mold of the piece
was made of RTV2 and a wax model produced by injecting wax. This
was followed by the ceramic mold of the piece being made of SiO2 for
melting. The results of the practical execution of the specimen
showed that due to the defects identified in the simulation, the
vacuum system should be used after the end of melting and at high
temperature; otherwise, the piece produced would be completely
defective. The use of vacuum caused the piece to be produced in a
completely desirable and flawless manner.
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EXTENDED ABSTRACT

Introduction

Investment casting refers to a method in which a mold is created by covering die-cast
models with a ceramic slurry. The model, usually made of wax or plastic, is removed from
the mold chamber by heat. There are two methods, solid mold and ceramic mold, to make
a precise casting mold.

In the solid mold method, the model is placed in a steel cylinder and filled with ceramic
slurry. After a few hours, the slurry is self-contained, and at this time, the wax is removed
with heat, and after baking the mold, pouring is done. Today, this casting method is used
less in the production of industrial parts and more in the production of decorative items,
jewelry and dentistry. In the ceramic mold method, the wax model is immersed in ceramic
slurry. Then, sand with different granularity is sprinkled on the model. This is followed by
a ceramic layer being created around the model, and by repeating this process, the
thickness of the layer increases. Next, the wax is removed and after baking the mold, the
melt is poured into it. A supercharger is a compressor that is connected to the crankshaft
through a mechanical mechanism, and by sucking in more air; it increases the pressure of
the air entering the engine, and as a result, the output power of the engine increases. In
this system, the device takes the energy it needs from the engine, and for this reason, it
weakens the engine's power. Extensive research has been carried out on heat transfer
analysis, air circulation in the turbine or other computational analyzes such as
Computational Fluid Dynamics (CFD) to improve the performance of the blade or turbine,
each of which represents the heat transfer in the blade or the geometry of the blade
rotation and even the heat when the blade is rotating. One of the most important parts of
the supercharger is its blade, considering all the mechanical conditions for it, AlISi5CulMg
is the most suitable material for it.

Methodology

In this research, the material of the supercharger blade, which should be a soft and
flexible metal and also have good mechanical properties, was selected according to its real
sample from the AlSi5Cu1Mg alloy, whose chemical analysis is listed in Table 1. In addition,
SolidWorks software was used for 3D modeling of the sample.

Table 1. Chemical composition percentage of AlSi5CulMg alloy.
Cu Mg Mn Si Fe Cr Zn Ti Al

1.1-5 04-06 05 54-55 0.6 025 035 025 Rem

Pro-Cast software was used to evaluate melting and casting, and check possible defects.
The simulation of this sample took into consideration the conditions of loading
temperature of 680-700 °C, the mold filling time of 4 seconds according to the channel
calculations and the chemical composition of the alloy according to Table 1.

After the design, the prototype was produced with the help of the mentioned software
using a 3D printer. This method is one of the rapid prototyping methods in which filaments
of PLA polymer or wax with a diameter of about 1.25 mm are used to produce the part.
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Results and discussion

Figure 1 illustrates the different criterion of the fluid resulting from the simulation.
According to these shapes, it is possible to analyze such criteria as speed, temperature and
failure resulting in a more accurate casting of the part.
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Figure 1. Casting simulation with Pro-Cast software a) Fluid velocity criterion b) No defect criterion c)
Temperature criterion d) Total porosity shrinkage criterion e) Niyama criterion con criterion tour f) Filling
time criterion.

Niyama criterion and filling time in the central part which is cylindrical had the lowest
value. The analysis of the Pro-cast software showed that the edges of the blades, marked in
phosphorous green color, was not subject to increased probability due to early
solidification and low thickness of the blades by changing from purple to red. The amount
of unmet increased. In the analysis of the Pro-cast software, it was observed that at the first
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instant, the melting directly hit the bottom of the mold and due to the gravitational field of
the earth, the lower part was filled; and only parts under the blades were filled due to the
turbulent flow of the melt (turbulent flow). Because of the creation of a vacuum in the
outer wall of the mold, the melt tended to fill the side surface of the mold and extended to
the top, marked in red color; the upper part of the blades, seen in red color, was filled at the
last moment.

The appearance of the part is such that the heat transfer occurred in the form of
thermal conduction, so its solidification in the center or core was very different from the
surrounding edges; the solidification method of the edges according to the thermal
conductivity of the part occurred under 10 seconds and reduced to 500°C, but the center of
the part needed approximately 600 seconds to cool down as shown in the curve in Figure
2 where the red curve corresponds to the center of the part and the black curve
corresponds to the edges.
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Figure 2. a) The diagram of solidification of the part in terms of time b) The diagram of the
temperature of the part in terms of time.

Conclusion

1- The analysis of the results extracted from the Pro-cast software showed that due to the
complex conditions of the sample and the burning of the remaining wax inside the
ceramic mold, the possibility of casting defects increased.

2-  The results of the simulation showed that the percentage of shrinkage in the center of
the specimen was the highest and the fluid velocity almost the same everywhere in the
model. The initiation of the nuclei of nucleation and solidification took place at the
lower edges of the specimen and solidification from these points moved towards the
center of the part. In order to produce an imperfect and defect-free part, melting should
be carried out first, and immediately after finishing melting and before solidification,
the vacuum device should be turned on so as not to create turbulence inside the mold.
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