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Abstract: Aluminium based metal matrix composites are finding 

wider usage in most of the engineering applications owing to 

their excellent mechanical properties. These composites are 

prepared by liquid metallurgy route. The quality of castings 

produced by this method largely depends on the rate of cooling 

during the solidification of the composite melt. It is therefore, 

very much essential for the foundry technologists to understand 

the solidification phenomenon and control the influencing 

variables resulting in sound quality castings. In the present 

work, casting simulation is carried out for LM25 aluminium 

alloy and its silicon carbide particle composites using 

commercially available CASTDESIGNER™ software. The 

simulated cooling curves are experimentally verified and found 

to be in good agreement.  
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I. INTRODUCTION 

etal matrix composites (MMCs) have a matrix alloy 

containing reinforcements, such as particulates, 

whiskers, and short or continuous fibers. The most 

commonly used particle dispersoids are silicon carbide, 

alumina, and graphite [1]. Aluminium alloy based MMCs 

find wider applications in aerospace, automotive, electronics, 

medical and sports equipment industries where it is 

necessary to use cost effective and lightweight structural 

materials [2]. Recently, particle-dispersed aluminium based 

MMCs have gained more popularity due to their near-

isotropic properties, improved mechanical properties, 

thermal stability at high temperatures and better wear 

resistance. Furthermore, these MMCs can be produced by 

standard metallurgical processing methods and can be 

machined by using conventional processes. Gravity casting 

(vortex) technique of liquid metallurgy route is the simplest, 

most economical and commercially viable fabrication 

method to manufacture particle reinforced aluminium 

composites. The quality and soundness of the composites 

produced by this technique are largely dependent on the 

solidification behavior dictated by the processing parameters 

such as stirring conditions, pouring temperature, wettability 

of reinforcement, cooling rate, thermo physical properties of 

metal and mould, heat transfer and particle-matrix reaction at 

the interface [3]. The recent advancements in computing 

capabilities have facilitated the researchers to study the effect 

of processing parameters on solidification behavior using 

computational modeling and simulation. 

Casting simulation has seen widespread application in 

industry as a means to understand and improve product 

quality. It has become an invaluable tool which can aid in the 

prediction and prevention of casting defects. Solidification 

modeling using finite element analysis is one of the most 

powerful tools to visualize the flow of molten metal inside the 

mould, to evaluate the interfacial heat transfer coefficient, to 

predict the casting defects and to optimize the runner, riser 

and gating positions [4-6]. A few researchers have 

numerically modeled the mould filling and solidification 

behavior of cast alloys and composites [7-9]. 

Many commercial softwares are available in the market for 

simulation of casting process and each of them has their own 

advantages and disadvantages. They are used in many 

industries mainly to obtain maximum yield by optimized 

methoding techniques [10]. Meager information is available 

as regards the simulation of composite castings by the use of 

commercial software to understand the solidification behavior 

and predict the cooling curves of metal matrix composites. In 

this regard, the present work aims to simulate the mould 

filling of sand cast aluminium based metal matrix composite 

using commercially available software CAST-DESIGNER
™

. 

The cooling curves are generated for LM25 alloy and its 

silicon carbide composites using the software and compared 

with the experimental studies. 

II. EXPERIMENTAL STUDIES 

LM25 alloy and its silicon carbide composites are prepared by 

sand mould gravity casting method. A batch of 2 kg of LM25 

matrix alloy was melted in a graphite crucible using an 

electric resistance furnace. The cope and drag box was 

customized with down-sprue and feeder to introduce the K-

type thermocouple into the mold box. 

Thermocouple was covered with stainless steel pipes to avoid 

the damages to the thermocouples. After degassing the molten 

alloy using hexachloroethane tablet, the silicon carbide 

particles of known quantity and 300 mesh size are added to 

the molten metal. The mixture of melt and silicon carbide 

particles are stirred thoroughly to create swirl and ensure 

sufficient wetting of particles. The composite melt is poured 

into the dried green sand mould. The geometry of the mould 

and casting are shown in Fig. 1. Thermocouples record the 

temperature of solidifying melt at regular intervals with the 

help of digital data logger interfaced with a computer. The 
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cooling curves are plotted from the recorded time-temperature 

data. Experiments were repeated for different weight 

percentage, that is, 4wt% and 8wt% of silicon carbide added 

into the molten matrix alloy. The cooling curves were 

compared with that of the un-reinforced LM25 matrix alloy. 

III. SIMULATION STUDIES 

CAST-DESIGNER
™

 simulation software (version 6.2) has 

been used to simulate the casting process and predict the 

cooling curves during solidification of the melt. Fig. 2 shows 

the three-dimensional finite element meshed model of the 

sand mould and casting. An optimum mesh size of 2.53 is 

used for generating the mesh. 4,483 elements are generated 

for the cube shaped casting and 6,646 for the assembly of 

mound and casting. Coupled non-linear set of equations of 

phase change and enthalpy are solved using computer 

algorithm available in the software. The thermo physical 

properties of materials used in the present work are shown in 

Table I and Table II. The thermal conductivity of the 

composite melt was calculated using rule of mixture whereas 

the enthalpy was assumed to be the same as that of the matrix 

alloy due to non participation of the silicon carbide particle in 

the phase change during solidification of the composite melt. 

The inlet and convection boundary conditions used in the 

analysis are shown in Table III. 

IV. RESULTS AND DISCUSSION 

A. Cooling Curves 

Fig. 3 shows the experimental cooling curves obtained for a 

cube shaped casting with LM25 alloy and its composites with 

4wt% and 8wt% silicon carbide. It is observed that increased 

content of silicon carbide in the matrix alloy has a significant 

role in altering the solidification behavior of composites. The 

temperature of the composite with 8wt% silicon carbide is 

higher than that of the pure matrix alloy at time duration of 

50-100 seconds. This indicates that the higher content of 

silicon carbide in the matrix alloy has retarded the 

solidification of composite. 

Fig. 4 shows the simulated cooling curves of sand cast LM25 

and its composites with varying wt% of silicon carbide. It is 

observed that the temperature of the composite melt has 

remained higher than the corresponding pure matrix alloy in 

the time interval of about 50-100 seconds indicating that the 

addition of silicon carbide into the matrix alloy increases the 

time for solidification. A similar trend has been observed in 

the experimental curves. Thus, there is a good agreement 

between the experimental and simulated cooling curves of 

sand cast LM25 and its composites. 

Fig. 5(a-c) shows the comparison of experimental and 

simulated cooling curves for the unreinforced LM25 alloy and 

its silicon carbide composites. It is observed that the trend of 

the experimental and simulated data is in good agreement. 

However, slightly larger deviation in the values of 

temperature with respect to the composites may be attributed 

to the fact that the thermo physical properties of the 

composites used for simulation are determined using the rule 

of mixtures. 

B. Temperature distribution 

The temperature distribution of the sand cast LM25 and its 

composites are shown in Fig. 6 (a-c). It is observed that the 

temperature of the pure matrix alloy casting at the end of 600 

seconds is about 296
0
C while that of the composite with 4wt% 

and 8wt% silicon carbide is 353
0
C and 356

0
C, respectively. 

Thus it is evident that the addition of silicon carbide into the 

matrix alloy retards the cooling rate and therefore the 

temperature of the composites remain higher than that of the 

pure matrix alloy. This can be attributed to the fact that poor 

thermal conductivity of silicon carbide results in less heat 

dissipation at the liquid-solid interface, thus delaying the 

kinetics of solidification front. 

V. CONCLUSIONS 

(i) Increased content of silicon carbide particles in the 

matrix alloy has retarded solidification of the composite.  

(ii) Both the simulated and experimental cooling curves 

have shown the same trend of retarded solidification 

with the addition of reinforced particles into the matrix 

alloy.  

(iii) The increase in weight percent of silicon carbide 

particles into the matrix alloy has reduced the cooling 

rates of the composite melt owing to the poor thermal 

conductivity of the reinforcement.  

(iv) Introduction of silicon carbide reinforcement to LM 25 

matrix alloy reduces the shrinkage porosity present in 

the matrix alloy.  

The trend of rate of cooling of simulated and experimental 

cooling curves are in good agreement and the deviation at 

larger time duration may be attributed to the fact that the 

properties of composite melt are calculated using rule of 

mixture. 

ACKNOWLEDGEMENT 

The authors would like to acknowledge Visvesvaraya 

Technological University (VTU), Belgaum for financing this 

work under Research Grants Scheme and M/s. Dhio Research 

& Engg. Pvt. Ltd., Bangalore for the software and technical 

support. 

REFERENCES 

[1]. Zhou, W., and Xu, Z.M., (1997), Casting of SiC reinforced metal 

matrix composites, J. Mater. Process. Technol., 358-363.  

[2]. Pillai, R.M., Pai, B.C., and Satynarayana, K.G.,(1993), Particulate 

reinforced light metal matrix composites: Potentials for defence 
and aerospace applications, Proc. Institute Industry Meet, 44-48.  

[3]. Rajan, T.P.D., Narayana Prabhu, K., Pillai, R.M., and Pai, B.C., 
(2007), Solidification and casting/mould interfacial heat transfer 

characteristics of aluminium matrix composites, Compos. Sci. 

Technol., 2007, 70-78.  



International Journal of Research and Innovation in Applied Science (IJRIAS) |Volume I, Issue VI, September 2016| ISSN 2454-6194 

 

www.ijrias.org Page 17 
 

[4]. Ravindran, K., and Lewis, R.W., (1998), Finite element modeling 

of solidification effects in mould filling, Finite Elem. Analy. Des., 

31 (2), 99-116.  

[5]. Venkatesan, A., Gopinath, V.M., and Rajadurai, A., (2005), 

Simulation of casting solidification and its grain structure 
prediction using FEM, J. Mater. Process. Technol., 168 (1), 10-15.  

[6]. Jagadeesh, S.K., Ramesh, C.S., Mallikarjuna, J.M., and 
Keshavamurthy, R., (2010), Prediction of cooling curves during 

solidification of Al 6061-SiCp based Metal Matrix Composites 

using Finite Element Analysis, J. Mater. Process. Technol., 210, 
618-623.  

[7]. Ramesh, C.S., Rangarajan, R., and Muneer Basha, H., (2006), 
Modeling studies on solidification of metal matrix composites, In: 

V.C. Venkatesh and N.S.M. El-Tayeb (Eds), Proc. Intl. Conf. Mfg. 

Sci. Technol., Malaysia, 392-395.  

[8]. Pariona, M.M., and Mossi, A.C., (2005), Numerical simulation of 

heat transfer during the solidification of pure iron in sand and 

mullite moulds, J. Brazilian Soc. Mech. Sci. Engg., 27, 399-406.  

[9]. Cetin, A., and Kalkanli, A., (2009), Numerical simulation of 

solidification kinetics in A356/SiCp composites for assessment of 
as-cast particle distribution, J. Mater. Process. Technol., 209 (10), 

4795-4801.  

[10]. Prabhakar Rao, P., Chakraverthi, G., Kumar, A.C.S., and 

Balakrishna, B., (2011), Application of casting simulation for sand 

casting of a crusher plate, Intl. J. Thermal Technol, 1 (1), 107-113

  

 

 

 
              Fig 1. Geometry of sand mould and mould cavity  

         with thermocouple location (All dimensions are in mm) 
     Fig. 2 Meshed finite element model of the casting  

                                         and mould assembly 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
            Fig. 3 Experimental cooling curves of sand cast LM25 alloy                               Fig. 4 Simulated cooling curves of sand cast LM25 alloy  

                                         and its composites             and its composites 
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(a) LM25 alloy    (b) LM25+4wt% SiC    (c) LM25+8wt% SiC 

 
Fig. 5 (a-c) Comparison of experimental and simulated cooling curves of LM25 and its composites 

 

 

 
 
       (a) LM25 alloy     (b) LM25+4wt% SiC 

 

 
 

(c) LM25+8wt% SiC 

 

Fig. 6 (a-c) Comparison of temperature distribution of LM25 and its composites 
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TABLE I 

TEMPERATURE DEPENDENT THERMO PHYSICAL PROPERTIES OF LM25 ALLOY 

Temperature 

(0C) 
36 556 564 572 588 604 

Thermal 
conductivity 

(W/mK) 
184.18 185.38 180.38 169.1 127.6 108.01 

Enthalpy 

(kJ/kg) 
29.29 558.36 596.6 665.24 891.6 984 

Density 

(kg/m3) 
2667.02 2557.24 2550.18 2537.7 2490.4 2458.3 

 

 
TABLE II 

PROPERTIES OF SILICON CARBIDE AND GREEN SAND  

Material 
Thermal conductivity 

(W/mK) 

Specific heat 

(kJ/kgK) 

Density 

(kg/m3) 

Silicon carbide  100 1.3 3200 

Green sand  0.4 1.03 1370 

 

 

TABLE III 

BOUNDARY CONDITIONS 

Inlet boundary condition of the 

melt 

Temperature = 7100C 

Velocity = 0.5 m/s 

Initial temperature of sand mould 300C 

Interface heat transfer coefficient 
Casting to mould = 500 W/m2K 

Mould to ambient = 30 W/m2K 

 

  

 

 

 

 

 


