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Abstract: Filling and solidification of molten metals are very complex and difficult to 

simulate correctly by conservative methods. For a large industrial application, it needs an 

alternate approach that is fast, reliable and user-friendly. In current casting industries, product 

development paradigm is shifting from traditional trial-and-error in the workshop to 

computer-aided casting design and simulation package by a computer(s). Computer-aided 

casting simulation plays an important role in the paradigm of new product development by 

way of modeling entire casting processes and reveals a dynamic behavior of casting scheme 

in working conditions. This study, highlighting is given on using casting simulation software 

which helps foundry industries to design and analysis the size and shape of the riser. Intended 

for simulation simplification in this study, grain size of mold green sand, casting material 

quality, casting process parameters are deliberated identical for all design schemes. Only the 

shape and dimensional variances of sprue/risers are taken into considerations for defects 

analysis. It is found that defects such as micro and shrinkage porosities, and improper 

solidification, are directly related to gating and risers system. Casting simulation software is 

used for mold filling and solidification analysis and it is observed that the proposed gating 

and risers system design will improve casting results with small defects. From this study, the 

conclusion can be stated that taper sprue design, also acts as a riser, with an additional four 

small risers that will produce a small fraction of porosity inside of the casting part. Validation 

of simulation, in the future, will be proved through experimental trials in the foundry shop.  

 

1. Introduction 

Casting, which comprises substantial metallurgical and mechanical phases, is an intricate 

procedure. The amount of solidification directs the microstructure mainly, which in turn controls the 

mechanical characteristics related to strength, hardness, machinability, etc. Location, size, and shape 

of a riser in a casting depend on geometry of casting, mold design and thermal properties of metal, and 

other process constraints. Riser which is designed wrongly will result either in imperfect casting with 

shrinkage hole or in lesser yield since directly solidification is not achieved. Therefore, correct design 

of riser system and process parameters with good control are essential for excellence castings. From 

representative concerns, experimental efforts are always enhanced for scheme and expansion of mold 

and to receive optimal procedure parameters. But, this effort is expensive, time unbearable, and maybe 

intolerable in some circumstances. Consequently, casting simulation procedure is a useful way of riser 

and gatings design system and studying some effect of parameters. There are a number of computer-

aided casting design and simulation software developed and used in foundry industries [1-3].  

An integrated computer-aided casting software, consist of CAD and/or CAE system, simulates 

the way casting designers decide some casting procedure, cores, mold box, and mold layout, runners, 

gating system, and analyzes each choice to propose how the design could be improved to increase 

quality and to reduce tooling and industrial expenses.  Simulation is a process of manipulative a model 
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of an actual system and conducting virtual experiments with this model as the purpose of either 

understanding the behavior of the whole system or of evaluating various schemes for the operation of 

the system [4]. Main objective of using computer-aided casting design and simulation software to 

casting process is to offer maximum data on casting quality by predicting solidification occurrences 

and associated features, with a help of models that are made on obtainable details of clarifications 

during processes such as filling and solidification processes of heat transfer, fluid flow, microstructure 

formation and etc. 

This study deliberates a presentation of some above main objective outputs obtained from 

simulation experiments with a commercial computer-aided casting design, Altair Inspire Cast 2019.2, 

as basic ideas of modeling and simulation of casting process to improve skill and knowledge of 

engineering students, foundry designers, and industries. Solidworks software package, as  CAD 

software, was used to produce a three dimensional (3-D) model of cast parts, and the results were 

exported to Altair Inspire Cast as CAE software package employed to simulate the casting process 

goal. 

 

2. Material and Methods 

Computer-aided casting design and simulation programs are used for analyzing mold filling, 

casting solidification, internal distortion, and microstructure properties. The simulation programs are 

based on castings 3-D model of Finite Element Analysis and comprise innovative functions for user 

interface, computation, and display. Casting models (with feeders, gates, and/or runners) have to be 

created using a solid modeling system (CAD) program and imported into the casting simulation (CAE) 

program. Besides, part of casting material and mold properties, and process parameters (filling and 

pouring temperature, casting to mold heat transfer coefficient) have to be provided by designer. 

This study has been passed in the following stages; these are studying in designing various parts of 

risers and gating system, and comparing the analysis of the other sources [5] and newly designed 

gating systems based on simulation results using Altair Inspire cast simulation software.  

 

The procedure for carrying out a casting filling and solidification simulation program analysis is 

listed below. 

o make some casting solid model such as casting, risers, and gates parts in CAD format (*.sldprt 

and *.sldasm) obtained from Solidworks software and then import them into Altair Inspire casting 

software 

o make and specify cast part, designate filling system, set gravity direction gating system, designate 

gate, define components such as risers and mold, define process parameters through basic setup 

and gravity process, and finally run analysis 

o carry out results simulation analysis to establish degree of filling and solidification results beside 

to a set of quality standard 

o availability result types of filling and solidification simulations will show temperature, solid 

fraction, mold temperature during casting process, and many other results for every model 

scheme incorporating shrinkage percentage, in gate effects, etc. These analysis results in the 

model scheme being changed to the predicted final shape (internal and external) of the casting 

showing size, shape, and location of shrinkage cavities in castings and feeders.  

After executing the repetitive simulations, the results can be post-processed to view color-coded 

temperature profiles of mold, filling, and solidification, velocity vectors or residual stresses. This 

enables forecasting some probable location of flaws. Finally, the results are reliable if the input data is 

complete and accurate. 
 

The 3-D geometries are created by 3-D Solidworks software and the drawings are saved as the 

format of *.sldprt and *.sldasm. The simple model of casting geometry for this study is shown in Fig. 

1 consists of linear and taper sprues, an additional one to four small riser(s) [5] and one to four runner 

[6] for the next study. The 3-D models are then imported into Altair Inspire Cast software which is 
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used for numerical design and analysis simulation. The mesh adopted was tetrahedral with a total 

number of around 50.000 elements, which were divided by the self-module of Inspire Cast package.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Casting-mold cross-section and 3-D Cad drawing 

 

Three dimensional (3-D) solid models of casting components consist of a cylindrical casting part, 

cylindrical and taper sprues and additional four small risers have been imported into Inspire Cast 

software environment for estimation of defects. Casting details are as mentioned below. Casting 

material is low carbon steel (GS C-25), the mass (from auto calculate mass package) is 31.916 kg and 

volume is 4071.5 cm3 with pouring temperature is 1850 K and pouring time is 2 seconds, and casting 

method is green-sand casting with density of 1550 kg/m3 at 293.15 K, thermal conductivity of 0.60 

W/m*K and specific heat of 1.10 kJ/kg*K at 1273.15 K [7]. Gating channels are created which is 

shown in Fig. 1, the sprue position is certain, which is connected to ingates through the risers. The 

simulation program has been performed for mold filling and solidification analysis to check various 

locations of defect formations in the casting component. This simulation has helped in identifying the 

defect locations and proper location of riser(s) and some shapes of sprues, etc. 
 

Related to conclusion of [5], that is, conical (taper) riser with the same dimension of its linear 

base riser will be considered that the end of solidification occurred in the upper part of the riser, 

because the riser with the resulting shrinkage cavity is cut off and re-processed. Then scheme I of 

simulating design is the mold consists of a casting part with each has a taper and linear sprue shapes 

on top of the part and by casting software will be designated as ingate and also act as a riser. The 

whole assembly is shown in Fig. 2. 

     
Fig. 2 3-D casting design model for taper and linear sprue of a scheme I  

Scheme II: based on scheme I, the mold consists of an additional four small risers on the top of 

casting component, as shown in Fig. 3. Four risers will be located in opposite direction and each of the 

risers will distance by 110 mm from the center of casting component.  
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Fig. 3 3-D casting design model with additional small risers of scheme II 

 

For sand casting as mold components, set on 200C, need several important considerations. The 

part must be designed for worthy fluid flow paths of incoming liquid metal to enter the mold cavity 

and must be designed with adequate heat transfer paths to allow for favorable cooling as the part 

solidifies with a specific pattern of solidification, referred to as directional solidification, and 

solidification time. Finally, green sand molding utilizes a pattern for producing the mold cavity in sand 

[8]. 

 

3. Results and Discussions 

Simulation results of mold filling processes of scheme I-II are shown in Fig. 4 and 5. The molten 

metal flowed from linear and taper sprue also (act as risers) along the ingate directly, so increasing the 

shock to the mold. The molten metal first filled up the sprues at maximum pressure around 0.02 MPa. 

When the filling volume was 50%, the molten metal began to fill the half of casting smoothly from the 

bottom, but it splashes more in the linear sprue while filling smoothly in the taper sprue. This mold 

filling process with the taper sprue is more acceptable. 

 

         
 

Fig. 4 Filling temperature scheme I  

 

Based on the above explanation, filling processes with an additional four small open risers beside the 

central riser (sprue), Fig. 5, have totally moved the whole hot spots from the casting component. 
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Fig. 5 Filling temperature scheme II  

 

Solidification simulation is preceded by using the temperature field just after mold filling. Fig. 6 

and 7 show the solidification results and a color bar 

indicates the solidification time. The transparent frame indicates the solid metal. 

From both figures, it can be observed that the four small risers are the first to solidify, and then the rest 

of the material gradually solidified progressing toward the casting component hub. When the 

solidification time was t = 889 s, the rim to center of casting component began to solidify proceeding 

to its circular surroundings. It totally solidified at the lowest, t = 1752 s (Fig. 6) to the highest t = 1948 

s (Fig. 7). After the casting solidified slightly complete, it appears that the casting component with 

linear riser/sprue was the last area to solidify compared with at the sprue itself in the taper sprue. 

Viewing the whole solidification, the casting component is well described by progressive 

solidification. 

 

      

      
Fig. 6 Solidification times scheme I 
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Fig. 7 Solidification times scheme II 

 

Several imperfections formed are closely related to factors of molten metal pouring and design of 

gating system. Shrinkage of the metal is another reason for the formation of these imperfections. 

Certain parts of the casting should be equally fed from a sprue or riser(s) by liquid metal as a process 

of solidification is in progress. In a situation when feeding by molten metal of the casting solidifying 

part is interrupted, then empty spaces or micro porosities are created which will decrease the strength 

properties of the results [5]. Based on the explanation of point 4.2, although the microporosity has 

moved to the risers for both sprue shapes with and without additional risers, it is obvious that 

porosities still happen in both linear and taper sprues. Comparing both sprue shapes, the porosity in 

linear sprue still located in the casting component with and without additional small risers, but only a 

small part of porosity still located in the other shape sprue especially with additional four small risers, 

Fig. 8.    
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Fig. 8 Defects occurrences at the model simulation of scheme I – II 

 

4. Conclusions 

Computer-aided casting design and simulation package, which involves virtual processes, can replace 

trial and error experimental casting procedures. The simulation tool has flexibility of analyzing and 

visualizing in a color bar of mold filling and solidification processes, identifying critical locations, and 

identifying casting defects such as micro porosities and shrinkage porosities. The simulation scheme II 

result of taper sprue indicated that the mold filling was flatter and that no flapping happened. 

However, during the solidification process, micro and shrinkage porosities appeared in the transition 

zone of the casting component and riser(s) for both schemes. The reason for that is the imperfect 

solidification sequence. The simulation scheme I and II results indicated that the solidifying sequence 

could be improved by adding a layer of heat-insulating material [9], likes composite metal foam 

consists of metallic hollow spheres – made of materials such as carbon steel, stainless steel or 

titanium. This study has presented that defect location can be predicted by numerical simulation.  
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