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ABSTRACT 

Pistons require different properties in different areas of their body, such as high thermal fatigue resistance in the 

top, high wear resistance in the crown area, and low weight in the skirt. On our days, they are not pistons with a 

composition gradient. The pistons are usually produced with homogeneous composition, in one alloy, existing in 

some cases incorporations of another material, to improve the mechanical characteristics in a certain area. This 

current work presents an experimental investigation on manufacturing composite pistons from two aluminum 

alloys, i.e. each alloy forms a zone in the piston. Therefore, A336 alloy located at the piston skirt, and A242 alloy 

is located at the piston crown. The affecting parameters are the pouring temperature of the alloys, the rotational 

speed of the casting mold, and the casting method. Centrifugal casting and permanent casting methods were used. 

The effects of various parameters on the mechanical properties such as hardness and wear were measured. It was 

found that the centrifugal casting process can be used as a new and effective method in piston manufacturing 

compared with the permanent casting process. Good results were obtained at 50 rpm casting mold rotational speed 

and 745°C alloys pouring temperature. 
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INTRODUCTION 

The development of the automotive industry strongly depends on two main issues: increased fuel-efficiency in 

order to accomplish the ever more stringent regulations on gas emission control and improved automobile 

performance [1][2][3]. To achieve such goals, the use of advanced materials to improve the quality of car 

components and significant weight reduction is crucial, such as, for the motor pistons. The cast-iron pistons were 

superseded by aluminum alloy piston around the year 1920. A study [4] illustrated that nowadays the replacement 

of steel and cast iron in automotive components like pistons with lightweight aluminum alloy casting received a 

significant interest to improve their performance and efficiency. Low expansion aluminum-silicon alloys referred 

to a study [5] and [6] as piston alloys due to their because Al-Si alloys offer the best balance of properties. 

According to a study [7], aluminum-based alloy piston is provided particularly for diesel cycle engines due to 

their lower weight and better heat radiation. A study [8] showed that light vehicle engine pistons are commonly 

cast from near-eutectic multi-component Al-Si alloys. These alloys had high levels of copper to upwards of 4-5 

wt. % and Ni to about 3 wt.%.   

The gravity permanent mold casting is considered as the pistons' conventional manufacturing method. However, 

in recent years, new manufacturing methods have emerged. Squeeze casting is one of the new common fabrication 

routes for pistons fabrication. It was used to reinforce the piston head. Currently, A study reported that these 

pistons are manufactured in Japan, Europe, and the USA [9]. The studies [10] and [11] discussed the principles 

of the squeeze casting process, and a study [11] produced metal matrix composite pistons reinforced with ceramic 
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using this method. Other researchers including [12], [13], [14], and [15] illustrated that when the piston surfaces 

coated with certain ceramic materials their corrosion and wear resistance improved to some extent. Moreover, 

other new manufacturing methods of pistons have been developed. For example, [16] invented a manufacturing 

method to make partially particle reinforced pistons by centrifugal casting. Among the above-mentioned 

manufacturing methods, a study [17] reported that the manufacturing of pistons using centrifugal casting process 

has many advantages such as low cost, easy operation, and good flexibility, especially for cylindrical pistons. 

Moreover, it can be adapted to meet the requirements for various mechanical performances at specific locations 

in the piston. Therefore, centrifugal casting can be considered as a promising manufacturing method of pistons. 

Casting mold rotational speed, pouring temperature, mold coating and mold temperature are the most important 

parameters affecting the centrifugal casting process. A study [18] showed that the main benefit of the centrifugal 

casting process is that the high force resulting from the high rotational speed of the mold not only assists in mold 

filling but may also help to feed the shrinkage during the solidification of the casting. However, this may be partly 

offset by the very turbulent nature of the mold filling process which may entrain various defects such as bubbles 

and oxide films. 

A study [19] states that, when the molten metal enters the mold, a pressure gradient is established across the wall 

thickness by centrifugal acceleration. This causes separation of constituent due to various densities, with lighter 

particles such as slags and nonmetallic impurities gathering at the inner diameter. A study [20] showed that the 

rotational speed of the mold considers as one of the significant process variables which affect the molten metal 

cooling rate. A study [21] showed that the centrifugal force increased by a square proportion when the rotational 

speed is increased. This will produce homogenized temperature distribution in the melton materials due to the 

creation of strong convection in the liquid pool. Also, a study [22] mentioned that factors such as friction, surface 

tension, inertia, etc. affect the rotational velocity of the molten metal, and thus, it is not possible to calculate the 

ideal rotational speed of the mold. Moreover, a study [23] stated that usually, the speed of rotation is varied during 

the casting process. Among the abovementioned fabrication routes, a study [24] claimed that centrifugal casting 

has the advantages of easy operation, low cost, and good flexibility for the fabrication of cylindrical pistons. And 

it can meet the requirements for various mechanical performances at specific locations in a component. The other 

abovementioned methods have the limitations of complex processes and the high cost of manufacturing, which 

no doubt decreases the advantages of those methods in the competitive market.  

In short, centrifugal casting is a promising fabrication route for the formation of pistons. A study [24] stated that 

pouring temperature exerts an important effect on the solidification mode and needs to be determined partly in 

relation to the type of structure required. Moreover, a study [19] mentioned that the pouring process and 

temperature affect the structure of the resultant centrifugal casting more than the initial mold temperature. A study 

[25] showed that the metal density can be increased by maintaining a lower pouring temperature. Low pouring 

temperature minimizes the gas absorption and gives fine grain size. However, the minimum temperature is often 

dictated by casting dimensions and pouring conditions. A study [26] mentions the delivered process of horizontal 

centrifugal casting where the pouring spout is traversed parallel to the axis of rotation and the thickness of the 

casting is determined by the rate of feeding. A study [23] stated that it must be recognized that during the pouring 

process the direction of movement of the molten metal changes from vertical to horizontal. A study [27] showed 

that high pouring temperatures slows solidification from the outer diameter more than it delays freezing from the 

bore and (presumably) discourages continuous growth of the outer diameter columnar grains. 

According to a study [28], the higher mold temperatures lead to coarse grains, especially for equiaxed grains; 

however, the influence of mold temperature on the grain structure was minor compared to some of the other 

parameters. Nevertheless, a low mold temperature can result in a steep temperature gradient during solidification 

and this can give rise to banding. A study [29] stated that molds used in centrifugal casting processes are coated 

internally with a mold coat, generally of a refractory powder with a binder in the form of a slurry. The basic 

function of this coating is to avoid sticking the casting to the mold and thus facilitating casting withdrawal and 

protecting the mold. A study [30] mentioned that it can also be used to control the rate of heat extraction. Various 

types of coatings have been developed. Of these, zircon-based coatings using water as the suspension medium 

have proved to be effective and are known to give an excellent surface finish. A study [31] showed that 

solidification in centrifugal castings is a similar process to that occurring in static castings i.e. is a change of state 
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phenomena, the rate of which is governed by heat transfer, but there are superimposed effects of the mechanical 

action. A study [32] showed that, in centrifugal casting, it is very difficult to determine the temperature distribution 

and solidification time by experimental techniques. Because of this, accurate data on solidification time during 

centrifugal casting of different materials is not available. The aim of the present work is to study experimentally 

the manufacturing of a piston within the standard specifications with improved mechanical properties using 

centrifugal casting method. The influence of pouring temperature and casting mold rotational speeds on the pistons 

manufacturing using centrifugal and permanent casting methods will be investigated. 

EXPERIMENTAL SETUP  

Materials 

Two different aluminum alloys were used in the current study such as skirt and crown piston; each alloy forms a 

specific zone in the piston as shown in Figure 1. The first aluminum alloy was A336 which is located at the piston 

skirt. While the second aluminum alloy was A242 located at the piston crown. Table 1 presents the chemical 

composition of these alloys. A vertical centrifugal casting machine was designed to carry out the experimental 

work. The casting mold is composed of mold, core, and pine parts. The rejection system in the centrifugal casting 

machine facilitates the piston ejecting process from the casting mold after alloy solidification. An electric motor 

is fixed on the structure of the machine used to power the system. Moreover, pulleys and belts are used to adjust 

the required rotational speed. During the experimental work, centrifugal casting processes were carried out at 

three different rotational speeds (20, 30, 40, and 50 rpm) and two pouring temperatures (745 and 785 ºC). While 

for permanent casting processes zero rotational speed was applied at the two pouring temperatures.  

Table 1. Material properties 

Position Code Si Cu Mg Ni Fe Ti Zn Mn Al 

Skirt A336 11.93 1.12 1.12 2.55 0.351 0.027 0.015 0.008 rest 

Crown A242 0.062 4.20 1.65 2.07 0.286 0.022 0.027 0.008 rest 

 

 

 

Figure 1. Piston geometry 
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Experimental setup 

 

Figure 2. Schematic representation of the pouring process. 

In the first step in the experimental work, the casting mold is coated with graphite material to avoid sticking the 

casting piston to the mold and thus to facilitate casting withdrawal after the end of the solidification process which 

will extend the mold life. Secondly, the casting mold heated by Ghazi Bonfire was fixed at the centrifugal casting 

machine structure. This synchronized with the alloys melting process in the oven.  After that, the pouring process 

started by pouring the first aluminum alloy (A336) inside the casting mold cavity then the second aluminum alloy 

(A242) poured. The pouring process is carried out during the rotation of the casting mold with the predetermined 

rotational speed (Figure 2). When the solidification process was completed, the piston was withdrawn from the 

casting mold using the designed ejecting system. Finally, sprues are removed using a turning machine. Then, the 

casted pistons are numbered for conducting the tests on them later. 

Testing process 

Hardness Test 

Vickers hardness test carried out on the fabricated pistons. The load was applied for 17 seconds. Hardness 

measurements were applied to the skirt and crown zones of the piston. Two hardness readings were taken and 

averaged for each zone. There are 4 positions for hardness tests in the piston, 2 positions in the skirt, 2 positions 

in the crown. Specimens were ground and polished before testing. 

Wear Testing 

The wear test was measured by weight loss and was performed on Pin-on-Disc apparatus type (model TNO R, 

The Netherlands), in accordance to the ASTM. In this test the specimen dimensions were 7 mm in width, 7 mm 

in depth and 10 mm in length. An axial load of 42 N was applied with a rotating speed of 550 rpm and a wear 

period of 18 min using dry friction conditions. The specimens’ ends were polished with 1300 grit emery paper 

and cleaned with acetone. A digital balance with a 0.1 mg accuracy was used to measure the mass of specimens 

before and after friction. 

RESULTS AND DISCUSSION 

Hardness 

The average hardness values of the investigated zones (piston skirt and piston crown) at different pouring 

temperatures (745 and 785 ºC) using different rotational speeds (0, 20, 30,  40, and 50 rpm) are illustrated in 

Figure 3 and Figure 4  respectively. Average hardness values were directly proportional to the casting mold 

rotational speed. It can be noted that the average hardness values increased with the increasing casting mold 

rotational speed. The reason for this is that where the molten metal enters the mold, a pressure gradient is 



Designing the centrifugal casting process and evaluating the mechanical criteria for the aluminum alloy automobile piston 

 

42 

 

established at the outer diameter (the external surfaces of the piston) by centrifugal acceleration. This causes noble 

alloy constituents of various densities to separate, with lighter particles such as slags and nonmetallic impurities 

gathering at the inner diameter. However, under the same conditions, the average hardness values are inversely 

proportional to the increase in pouring temperature. The reason for this is the occurrence of oxidants in the alloys. 

 

Figure 3. The hardness of piston skirts at different rotational speeds using different pouring temperatures. 

 

Figure 4. The hardness of piston crown at different rotational speeds using different pouring temperatures 

Figure 5 illustrates the relation between the average hardness values obtained for piston skirt and crown and the 

casting mold rotational speed at a pouring temperature of 745 °C. It can be noted that the average hardness values 

at piston skirts are higher than those of piston crown for the different rotational speeds. This may be due to the 

presence of silicon elements in the A336found at the piston skirt. 
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Figure 5. Comparison between the average hardness values of piston skirt and crown at pouring temperatures of 

745ºC using different rotational speeds. 

Level of wear 

 

Figure 6. The relation between the weight loss at A336with various rotational speeds mold at different pouring. 

The surface wear of the piston is represented by a weight loss of the piston. Figure 6 illustrates the relation between 

the weight loss of A336 located at the piston skirt with various rotational mold speeds at different pouring 

temperatures (745 and 785) °C after wear tests. Weight loss in the A336and mold rotational speed has an inverse 

relationship. Since the weight loss reduced with increasing the mold rotational speed. This may be explained by 

the increase of homogenization in the product surface (piston) with the increasing casting mold rotational speed 

(Figure 6). Furthermore, it can be observed that the weight loss in the A336at the same mold rotational speed 

conditions increased with the increasing of pouring temperature. Application of the means mentioned in the stages 

of research and development of the pressing process makes it possible to solve the tasks of the choice of the 

chemical composition for the alloy, of optimization of the process parameters, and provision of the required 

combination of strength, thermal stability, and thermal coefficient of linear expansion in the pistons.  

Results of a study aimed at the formation of a single-phase fine-grained structure in pistons during their production 

process involving isostatic pressing of liquid metal before the start of crystallization, pressing of the crystallizing 
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metal, and holding under pressure in the process of cooling to the shop temperature are presented. These ions react 

chemically with a protective Al2O3 film. The Ni-containing amorphous alloy showed a pitting potential greater 

than the Ni-free amorphous alloy. Comparing the amorphous alloys, the addition of Ni enhances the pitting 

potential to a greater extent even though both alloys are amorphous. The effect is pronounced even in the following 

devitrification. Although a significant decrease in pitting potential was observed by devitrification of both alloys. 

The aluminum piston alloy showed a mean pitting potential greater than the aluminum engine block. 

CONCLUSIONS 

The study has assessed the urgency of the localization of mechanical products and machinery manufacturing in 

the transportation industry, typically calculating, designing, and successfully fabricating aluminum alloy pistons 

for vehicles. car. At the same time, vertical centrifugal casting technology processes have been applied to the 

fabrication of piston products to meet technical and economic requirements. The studies evaluating the 

experimental results on the designed pistons can conclude as follows: Successfully manufacturing composite 

pistons composed of two aluminum alloys using a centrifugal casting process. This type of pistons contains two 

types of alloys, each one of which can meet the piston's mechanical requirements such as hardness and wear. 

Average hardness values improved with the centrifugal casting process compared to the permanent casting 

process. Using the centrifugal casting process, average hardness values increased with the increasing of casting 

mold rotational speed and decreased with the increasing of pouring temperature. The highest average hardness 

value was found at the piston skirt zone (127 HV) using a pouring temperature of 745 °C and a rotational speed 

mold of 50 rpm. Wear properties were improved using the centrifugal casting process compared with the 

permanent casting process. The weight loss values decrease with the increasing of casting mold rotational speed 

and increased with increasing the pouring temperature in the centrifugal casting process. The weight loss of the 

piston skirt zone is less than that of other zones. Pouring temperature of 745 °C and mold rotational speed of 40 

rpm shows the best wear behavior (minimum weight loss value of 8.2 mg). 
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