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Abstract

The centrifugal casting is one of the methods to produce Functionally Graded Material with gradual composition 

variation along the radial direction with segregation of particles. In the present investigation an attempt has been 

made to study the mechanical properties of centrifugal casting of Al-Si eutectic alloy produced at different rotational 

speeds of the mold. The correlation between the solidification rate and DAS has been established and used to 

determine the rate of solidifications of the centrifugal casting produced by varying process variable. The 

microstructure analysis, mechanical properties such as tensile strength, hardness and specific wear rate have been 

determined for the castings. It was concluded that the rotational speed of the mold is one of the process variables in 

producing centrifugal castings of desirable metallurgical and mechanical properties.
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Introduction

Enhancement of mechanical properties has great importance in recent industrial applications. Centrifugal casting 

technique is one of the prime methods used in foundry industry to produce cylindrical and symmetrical parts of good 

mechanical properties. This technique uses the centrifugal force generated by a rotating cylindrical mold to throw the 

molten metal against the inner surface of the mold to form a desired shape It also helps for the rapid solidification and 

hence strengthens the casting (Pavlovic et al. 2009). The Centrifugal casting has a greater reliability than static 

castings as they are relatively free from gas and shrinkage porosity (Sufei et al. 2008). Therefore using the 

outstanding advantage created by the centrifugal force of rotating molds, castings of high quality and integrity can be 

produced because of their high density and free from oxides, gasses and other nonmetallic inclusions. Sometimes 

static mold castings require surface treatments such as, case carburizing, flame hardening and nitriding to use as a 

wear resistant surface combined with a hard exterior surface, which can be eliminated completely by using 

centrifugal casting process (Campbell. 1961).

The quality of the final centrifugal casting is mainly depending upon many parameters such as: pouring temperature 

of the melt, temperature of the mold, rotational speed of the mold, duration of metal pouring, composition of the melt, 

diameter and shape of the mold and also thickness of the casting (Zagorski et al. 2007).  Therefore the above 

mentioned process variables have a great effect on the rate of solidificationof centrifugal casting and in turn the rate 

of solidification of centrifugal casting process affects the quality of casting in terms of its microstructure and 

mechanical properties. The directional solidification provides for clean, dense castings with physical properties that 

are often superior to those of the static casting. Some studies also explained that the reinforcement in aluminum 

matrix composites will contribute for the improvement of mechanical properties (Charita et al., 2009). Although the 

beneficial effect of the centrifugal casting process is well accepted an explanation for the reasons of that occurrence 

are not fully explored yet.
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Experimental methods

The commercial Al-12wt%Si alloy is used in this investigation to produce centrifugal casting. Three castings are 

produced at three different rotational speeds of the mold like 400 rpm, 600 rpm and 800 rpm. The main aim of this 

study is to determine the effect of rate of solidification of Al-12wt%Si alloy centrifugal casting. Figure 1 shows the 

experimental set up and Figure 2 shows the centrifugal casting produced in the set up.

In case of Al-12wt%Si alloys, the variation of Secondary Dendrite Arm Spacing (SDAS) is strictly depending on the 

rate of solidification of the casting. Hence the microstructure coarseness has been measured as the distance between 

the secondary dendrite arm spacing (SDAS), which is the function of solidification rate. Initially gravity castings of 

Al-12wt%Si have been produced at four different cooling rates and the graph of cooling rate versus SDAS has been 

plotted  for  these  gravity  castings  which  are  shown  in  the    Figure  3.  The  curve  fitted  shows  the  expression,

                                                       which  is  used  to  measure  the  cooling rates of the centrifugal casting of Al-

12wt%Si produced by varying the rotational speed of the mold which is one of the process parameters that affects the 

rate of solidification of centrifugal casting.

y = - 0.0067x2 + 0.612x - 4.0582

Figure 1 Centrifugal Casting Setup Figure 2 Centrifugal Casting of Al-12wt%Si

Figure 3 Relationships between SDAS and Solidification Rates of Al-12wt%Si
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Results and discussions

The rate of solidification of centrifugal casting affects its microstructure, quality and also its mechanical properties. 

When solidified at a high cooling rate, the silicon particles improve the mechanical properties of the alloy castings. 

When it is cooled slowly the eutectic particles become needle like layer, hence weakening the metal. Figure 4 shows 

the microstructures from inner surface to outer surface of the casting at three different locations 2 mm apart along the 

radial direction indicating the variation in dendritic arm spacing in the centrifugally cast test samples of Al-12wt%Si.

Microstructure corresponding to 400 rpm shows coarse a-Al dendrites from inside to outside along the radial 

direction and dendrite size gradually increases towards inner radius. This is due to slower solidification rate at lower 

rotational speeds of the mold.. The lower speed like 400 rpm does not provide enough centrifugal force to precipitate 

the particles before solidification and therefore there is no significant precipitation of primary Si particles (Mondolfo 

et al., 1976). At slightly higher rotational speed of 600 rpm the microstructure shows finer dendrites and also shows 

small particles of primary Si near the inner surface. This is due to the centrifugal effect on the Si particles getting 

pushed towards the inner casting surface due to lower density of the particles.

Fine a-Al dendrites are observed in the casting of Al-12wt%Si produced at 800 rpm of the mold rotational speed at 

the outer periphery. This occurs due to higher rotational speeds of the mold, where the melt solidifies rapidly giving 

rise to fine dendrites. 

Figure 4 Microstructure of Al-12% wt Si Alloy cast at 800 rpm

Figure 5 SDAS along the Thickness of the
Centrifugal Casting of Al-12wt%Si

Figure 6 Rate of Solidification along
the Thickness of the Casting
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Figure 5 shows the values of SDAS (µm) and Figure 6 shows the rate of solidification measured along the radial 

direction of the casting from inner to the outer periphery of the cylindrical casting produced at different rotational 

speeds of the mold. The values of ratio of rate of solidification are taken from the Figure 3. From the graph it is seen 

that the value of SDAS is more at the inner surface of the casting compared to outer. This is due to the reason that the 

direction of solidification is towards the inner surface of the casting. For the castings produced at 400 rpm, the 

measured SDAS are 50.276 µm, 51.903 µm, 52.103 µm from outside to the inside of the casting. And the 

corresponding rates of solidifications are found to be 6.3oC/s, 6.1oC/s and 5.9oC/s, respectively. Also for the casting 

produced at 600 rpm of the mold speed are observed to be 5.4oC/s, 5.0oC/s and 4.2oC/s corresponding to the SDAS 

of 41.609 µm, 45.959 µm and 48.309 µm. Similarly for the casting produced at 800 rpm of the mold rotational speeds 

are 3.1oC/s, 2.4oC/s, 1.2oC/s corresponding to the SDAS of 29.422 µm, 33.404 µm and 36.559 µm respectively.

Hardness and Specific Wear Rate

The hardness is measured in the radial direction at four locations such as 1 mm, 3 mm, 5 mm and 7 mm distance along 

the radial direction in the casting. 

From the Figure 7 it is seen that the hardness are more at the inner surface compared to the outer surface of the casting, 

but the difference between the two is very small. The hardness at the intermediate region is very small compared to 

outer and inner. The variation in the hardness is dependent on the rate and direction of solidification and also on 

particle distribution (volume fraction) due to centrifugal action. Castings produced at 800 rpm show the hardness of 

89 BHN at inner and 82 BHN at outer having intermediate values of 81 BHN and 75 BHN at a distance of 3 mm and 5 

mm from the inner. This trend is followed for other two castings also which are produced at 400 rpm and 600 rpm. 

Low hardness are obtained at rotational speed of the mold is 400 rpm and these results are in agreement with the 

microstructures. Increase in hardness value at the inner surface is due to the reason that the primary silicon particles 

are concentrating at the inner radius because of the density difference between reinforcement and melt and also due 

to centrifugal force. This is supporting the literature review (Prasad et al. 1998). At the inner surface due to the 

chilling  effect,  the  hardness  will  be  high  and  at  the  inner  surface hardness increases due to the concentration of 

Figure 7 Hardness of Al-12wt%Si along
surface the Radial Direction

Figure 8 Specific Wear Rates at Inner
and Outer Surface of Al-12wt%Si Alloy at
Different Rotational Speeds of the Mold
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primary Si particles which are forced towards the inner radius. At a constant teeming temperature and mold 

temperature it is found that the specific wear rate of the specimen cast at different mold speeds decreased towards the 

inner surface of the casting. And values of specific wear rates were found to be lower for the castings produced at 

higher rotational speeds of 800 rpm which is due to the higher hardness values of the castings produced at higher 

rotational speeds of the mold. Also the values of specific wear rate are higher at the outer surface of the casting. The 

decrease in the specific wear rate at the inner can be attributed to the presence of more amounts of Si particles at the 

inner surface of the centrifugal casting. The wear volume is directly proportional to applied load & sliding distance 

and inversely proportional to the hardness. Thus wear resistance can be related to the hardness specific wear rate 

which is defined as the wear rate per unit load and unit sliding distance. From the Figure 8 it has been observed that 

the mold rotational speed has a very significant effect on the specific wear rate.

The SEM examination of the worn surfaces of the Al-12wt%Si produced at 800 rpm shown in the Figure 9 exhibits 

delamination at the inner surface this is due to the segregation of Si particles. Similarly the outer worn surface of the 

Al-12wt% Si shows cracks and holes due to the presence of lesser percentage of Si particles at the outer surface 

which is shown in Figure 10.

Conclusion

The rate of solidification of the Centrifugal casting is determined on the basis of Secondary Dendrite Arm Spacing 

(SDAS) in case of alloys Al-12wt% Si. In case of Al-12%wt Si the formation of á-Al dendrites becomes finer from 

inside surface of the casting to outside surface. Outside surface showing finer dendrites due to the chilling effect of 

the mold wall and by measuring the SDAS the solidification rate has been determined. The BHN shown higher 

hardness at the inner surface and outer surface compared to the middle portion of the casting. Outer surface harder 

due to the chilling effect and inner surface due to the formation of primary Si particles and also due to the formation of 

fine dendrites. At 800 rpm the hardness values are higher than those at other speeds like 400 rpm and 600 rpm.  In 

relation with the hardness the specific wear rate also found to be decreasing towards the inner surface.

Figure 10 Cracks and holes caused by
Delamination at the outer region of the Al-12wt %Si

Figure 9 Delamination Due to Cracks at the
Inner surface of the Al-12wt% Si
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