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ABSTRACT
The simulation programs are used to achieve sound, high quality castings. The use of computer simulates mould filling
and solidification has helped Foundry industry assure the quality of its castings with a higher degree of confidence, and
reduce the cost of rejects. The effective use of this software package has resulted in major improvements being realized
in the areas of controlling shrinkage porosity, inclusions and cold run defects. It has also contributed towards lowering
the cost of methoding; the simulation of casting processes is finding a steadily growing acceptance in the foundry
industry worldwide. Computer technologies like PROCAST, MAGMASOFT etc. The aim of this study is to simulate the
Flywheel casting solidification using CLICK2CAST and interpretation of simulation results in a precise manner.
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1. INTRODUCTION
During recent years the application of some popular commercial software as computer simulation tools has
become widely accepted with in the foundry industry, leaving the idea of the simulation as luxurious tools.
The application of casting simulation has been most beneficial for avoiding shrinkage scrap improving cast
metal yield, optimise the gating system design optimising mould filling and finding the thermal fatigue life in
permanent moulds. Several case studies demonstrate the benefit of using these tools under industrial
conditions. Nowadays, the foundries that cover around 90% of the production of the cast machine components
use casting simulation as an everyday tool. ProCAST, MAGMASOFT, CLICK2CAST etc. is a three-
dimensional solidification and fluid flow packages developed to perform numerical simulation of molten
metal flow and solidification phenomena in various casting processes, primarily die-casting (gravity, low
pressure and high pressure die-casting) and sand casting. It is particularly helpful for foundry applications to
visualise and predict the casting results so as to provide guidelines for improving product as well as mould
design in order to achieve the desired casting qualities. Prior to applying the simulation extensively to create
sand casting and die-casting models for the simulation of molten metal flow (mould filling) and solidification
(crystallisation in the process of cooling), the cast and mould design of the experiment is transformed into a
3D model and imported into software for the simulation [4]

The application of casting simulation increasing day to day in Indian foundry as it essentially replaces or
minimizes the shop-floor trials to achieve the desired internal quality at the highest possible time. A number
of casting simulation software are availableSome of the well-known casting simulation programs currently
available to foundry engineers are listed in Table 1. Among these, AUTOCAST, MAGMASOFT,
PROCAST, and SOLIDCAST have the largest installation base in India.[2]
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Table 1. Casting simulation program

Software Program Company and Location

AutoCAST Advanced Reasoning Technologies P. Ltd.,
Mumbai

CAP/WRAFTS EKK, Inc., Walled Lake, Michigan, USA

CastCAE CT-Castech Inc. Oy, Espoo, Finland

Castflow, Castherm Walkington Engineering, Inc., Australia

JSCast Komatsu Soft Ltd., Osaka, Japan

MAGMASoft MAGMA GmbH, Aachen, Germany

MAVIS Alphacast Software, Swansea, UK

Nova-Solid/Flow Novacast AB, Ronneby, Sweden

PAM-CAST/ProCAST ESI Group, Paris, France

RAPID/CAST Concurrent Technologies Corp., USA

SIMTEC RWP GmbH, Roetgen, Germany

SOLIDCast Finite Solutions, Inc., Illinois, USA

CLICK2CAST Altair Engineering, Troy, Michigan, USA

2. METHODOLOGY
Figure 1 shows a flowchart, in which 3D CAD and simulation tools are utilized to review the casting
simulation.

Figure 1- procedure to improve the design of new casting
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2.1 Method optimization:

This is useful for both existing castings, and those under development for the first time, by eliminating shop-
floor trials (Fig.2). The method design (casting orientation, mould layout, feeders, feed aids, and gating) is
modified on computer, and simulated to check for defects, if any. Several iterations are carried out until the
desired quality and yield are achieved. Even minor improvements in existing castings that are produced in
large numbers, can lead to significant improvements in utilization of material, energy, equipment and labor
resources. Simulation is also critical for large heavy castings under development, since their cost of trials or
repair is prohibitive. A few programs have incorporated algorithms for automatic (user-guided) optimization
of feeders and gating channels [5].

Fig.2. Comparison of manual and computer-aided method optimization [5]

Fig 3-Flow pattern of computer simulation
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3. 3D CAD MODEL GENERATION OF FLYWHEEL FOR SIMULATION
3d model of flywheel created in solid works 2014 with gating and feeding system and fig 3.1 casted flywheel

Fig 3.1:3D CAD model with gating system Fig 3.2: Casting after fettling

4. Case Study on Flywheel casting simulation
A case study was conducted to verify the use of simulation in an industry casting environment. The selected
case study was a chosen from an industry flywheel casting made from grey cast iron the simulation tool used
in this case study is CLICK2CAST to find potential defects in the casting at different locations. The
modification of existing Riser and Gating Design were changed to improve the casting quality.

5. Results and analysis
5.1: Mould filling
The software simulation solved for mould filling and solidification processes at the same time. The discussion
about mould filling is solely based on simulation results. The mould filling processes of the initial (without
sleeve) and modified gating systems(with sleeve) can be visualized from Figures 5.1. It is found that for every
succession of one second fraction of solid and temperatures are changing  (encompasses pouring basin, sprue
and runner system, gatings, casting and feeder) will be filled up. The melt was rising almost uniformly in the
cavity of the mould until it was completely filled up. This is a good filling because it ensures the temperature
distribution in the mould will be equal everywhere just after filling so that solidification rate will be fairly
consistent throughout the casting. Equal rate of solidification will entail uniform shrinkage of the casting to
minimize defects such as shrinkage cavities as a result of non-uniform cooling rate. The temperature
distribution and fraction of solid also indicates that during mould filling, cooling has actually started
especially at the end of runner.

WITHOUT SLEEVE                                                         WITH SLEEVE

Fig 5.1: Flow front during 70% of volume filling
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5.2 Observation of improvements
WITHOUT SLEEVE WITH SLEEVE

Fig 5.2: Casting showing coldshuts Fig 5.3: Casting showing reduce coldshuts

In the fig 5.2: Showing clearly that contains more no of coldshuts gating system without sleeve

Whereas in the fig 5.3: Showing reduced coldshuts is mainly because of the gating system contain a proper
sleeve material.

Fig 5.4: Casting showing shrinkage porosity values in volume (mm3) without sleeve
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Fig 5.5: showing shrinkage porosity values in volume (mm3) with sleeve

Fig 5.6 Fig 5.7
Fig 5.6: shows prone to shortage of material Fig 5.7: Complete solidifying by adding

during solidification                                                         sleeve

Fig 5.4 to 5.5: Shows the shrinkage porosities where in fig5.4 as more no of porosities that can be shown in
the fig 5.4 because for this gating system has bare riser design whereas fig 5.5 has observed less no of
porosities compared to bare riser that can be observed very clearly in fig 5.8 because riser is solidified lastly
as it is added with sleeve material

From fig 5.9&6.0(Time/temp): It is clearly noticed that temperature gradients are uniformly varying and it is a
good phenomenon for directional solidification
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Fig 5.7: last areas to solidify without         Fig 5.8: last areas to solidify with sleeve
sleeve

Fig 5.9: Graphical representation of temperature evolution with respect to time during solidification without
sleeve

Fig 6.0: Graphical representation of temperature evolution with respect to time during solidification with
sleeve
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7. CONCLUSIONS
Casting simulation can minimize the wastage of resources required for trial production. In addition,

the optimization of quality and yield implies higher value-addition and lower production cost, improving the
margins. For widespread application, simulation programs must be fast, reliable, and easy to use. This has
been achieved by integrating method design, solid modeling, simulation and optimization in a single software
program [1]. By comparing the simulation result of optimized casting model with that of the original model, it
can be concluded that the porosity volume decreased.

This paper has shown how the recent developments in the production of grey cast iron castings,
computer simulation can be a useful tool for rapid process development. It is demonstrated that the foundries
can effectively use simulation tool for process development and optimization.
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