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Abstract 

 

In an engine the purpose of the piston is to transfer force from expanding gas in the cylinder to the crank shaft via a piston rod. 

Piston has to endure the cyclic gas pressure and the inertial forces at work, and this working condition may cause the fatigue 

damage of the piston such as piston side wear, piston head cracks and so on. Usually the pistons are made of Aluminum for 

lightweight, thermal conductivity. But it has poor hot strength and high coefficient of expansion makes it less suitable for high 

temperature applications.In this project, Aluminum Silicon Carbide (AlSiC), an aluminum matrix composite is used as an 

alternative for aluminium. A 3D model was made using CATIA v6 and Structural and thermal analysis was done on ANSYS 14. 

Compared to Aluminium, AlSiC has better abrasion resistance, creep resistance, dimensional stability, exceptionally good 

stiffness-to-weight and strength-to-weight ratios and better high temperature performance. Fabrication of piston using AlSiC is 

also easier than using Aluminium. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

A piston is a component of reciprocating engines, reciprocating  pumps,  gas compressors and pneumatic cylinders, among other 

similar mechanisms. It is the moving component that is contained by a cylinder and is made gas-tight by piston rings. In an 

engine, its purpose is to transfer force from expanding gas in the cylinder to the crankshaft via a piston rod and or connecting 

rod. In a pump, the function is reversed and force is transferred from the crankshaft to the piston for the purpose of compressing 

or ejecting the fluid in the cylinder. In some engines, the piston also acts as a valve by covering and uncovering ports in the 

cylinder wall. 

Piston has to endure the cyclic gas pressure and the inertial forces at work, and this working condition may cause the fatigue 

damage of the piston such as piston side wear, piston head cracks and so on. Usually the pistons are made of Aluminium for 

lightweight, thermal conductivity. But it has poor hot strength and high coefficient of expansion makes it less suitable for high 

temperature applications. 

In this project, Aluminium Silicon Carbide (AlSiC), an Aluminium matrix composite is used as an alternative for Aluminium. 

A 3D model was made using CATIA v6 and Structural and thermal analysis was done on ANSYS 14. Compared to Aluminium, 

AlSiC has better abrasion resistance, creep resistance, dimensional stability, exceptionally good stiffness-to-weight and strength-

to-weight ratios and better high temperature performance. Fabrication of piston using AlSiC is also easier than using Aluminium. 

The effect of high temperature on mechanical properties of silicon carbide particulate reinforced cast aluminium alloy composite 

is analysed. An extensive literature survey has been done to collect the material properties of AlSiC. 

II. ANALYTICAL METHOD 

 Design of Body: A.

Catia V6 offers a range of tools to enable the generation of a complete digital representation of the product being designed. In 

addition to the general geometry tools there is also the ability to generate geometry of other integrated design disciplines such as 

industrial and standard pipe work and complete wiring definitions. Tools are also available to support collaborative development. 

A number of concept design tools that provide up-front Industrial Design concepts can then be used in the downstream process 

of engineering the product. These range from conceptual Industrial design sketches, reverse engineering with point cloud data 

and comprehensive free-form surface tools.We created model Piston using Catia software. The models are shown in figure 1and 

figure 2 shows piston assembly. 
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 Modeling: 1)

 
Fig. 1: Modeling of Piston 

 
Fig. 2: Complete Assembly 

 Material Data: 2)

1) Aluminium  

2) Aluminium Silicon Carbide 

a) Aluminium: 

Aluminium: a chemical element (symbol Al) with an atomic number of 13,an atomic weight of 26.98, and a single stable 

isotope:27.Aluminium is a soft, silvery metal with relative density:2.70 kg/dm3 and Melting point: 660°C. A thin, waterproof 

layer of aluminium oxide is formed on contact with the air. Aluminium is a very important construction material in combination 

with other metals. The major compounds of aluminium are the oxide, hydroxide, chloride, sulphate, silicate, and acetate.(Source: 

Encarta)  

b) Alloys: 

Aluminium can be alloyed with manganese, silicon, magnesium, zinc and other elements. The addition of a small amount (0.5-

3%) of one or more other metals is sufficient to enhance certain useful properties of aluminium, such as strength, hardness, and 

weld ability or corrosion resistance. Table 4.1 shows chemical compositions of piston. 
Table - 1 

Chemical Composition of Piston 

Element Composition, % maximum 

Si 0.10 

Fe 0.20 

Zn 0.03 

Ga 0.04 

V 0.03 

Others Each ** 0.03 

Others Total ** 0.10 

Aluminium Remainder 
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 Advantages of Aluminium: B.

1) It’s lightweight—Aluminium weighs less by volume than most other metals. In fact, it is about one-third the weight of 

iron, steel, copper, or brass. This makes it easier to handle and less expensive to ship. 

2) It’s strong—Aluminium profiles can be made as strong as needed for most applications. Cold-weather applications are 

particularly well-served by aluminium because, as temperatures fall, aluminium actually becomes stronger. 

3) It’s non-corrosive—Aluminium does not rust. It’s protected by its own naturally occurring oxide film, a protection that 

can be further enhanced by anodizing or other finishing techniques. 

4) It conducts heat—Based on weight and overall cost, aluminium conducts heat (and cold) better than other common 

metals. These factors make it ideal for applications requiring heat exchangers. 

5) It’s non-sparking—Aluminium doesn’t emit sparks. This makes it a great choice in applications that involve explosive 

materials or that are used in highly flammable environments. 

6) It conducts electricity—Bulk power transmissions generally take place via aluminium because, pound-for-pound, 

aluminium is twice as conductive as copper. 

7) It’s nonmagnetic—Because aluminium does not acquire a magnetic charge, it’s useful for high-voltage applications, as 

well as for electronics, especially where magnetic fields come into play or where sensitive magnetic devices are 

employed. 

8) It’s resilient—Aluminium combines strength with flexibility and can flex under loads or spring back from the shock of 

impact. 

9) It’s reflective—Highly reflective aluminium can be used to shield products or areas from light, radio waves, or infrared 

radiation. 

10) It’s non-combustible—Aluminium does not burn and, even at extremely high temperatures, it does not produce toxic 

fumes. 

11) It’s recyclable— Aluminium does not burn and, even at extremely high temperatures, it does not produce toxic fumes. 

12) It accepts finishes—Aluminium can be finished with a variety of common techniques, including liquid paint, powder 

coatings, anodizing, or electroplating. 

13) It’s seamless—With aluminium, complex shapes can be realized in one-piece extruded sections without having to use 

mechanical joining methods. This makes the parts stronger and less likely to leak or loosen over time.  

14) Thus we can see that aluminium having so many desirable features. But we can’t use aluminium itself we mix aluminium 

with silicon carbide to get better properties than when we use aluminium itself. 

 Material Data: C.

 Aluminium: 1)
Table - 2 

Aluminium Constants 

Density 2.7e-006 kg mm-3 
 

Thermal Conductivity 0.237 W mm-1 C-1 

Young's Modulus 70000 MPa 

Poisson's Ratio 0.35 

Bulk Modulus 77778 MPa 

Shear Modulus 25926 MPa 

 Aluminium Silicon Carbide: D.

Aluminium-(Silicon Carbide) is a metal-ceramic composite material consisting of silicon carbide particles dispersed in a matrix 

of aluminium alloy.  It combines the benefits of high thermal conductivity of metal and low CTE (coefficient of thermal 

expansion) of ceramic.With its composite features, Al-SiC is an advanced packaging material for high technology thermal 

management.  Al-SiC is compatible with a wide range of metallic and ceramic substrate and plating materials used in 

microelectronic packaging for aerospace, automotive, microwave applications. Figure 4.3 Microstructure Of AlSiC. 
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Fig. 3: Microstructure of AlSiC 

 Advantages of Aluminium Silicon Carbide: 2)

 Tailor-made coefficient of thermal expansion (eliminates thermal cycling fatigue due to CTE mismatch). 

 High thermal conductivity (conducts heat almost like aluminium) 

 Light weight and strong almost as light as aluminium but stronger, it is excellent for aerospace, automotive and other 

mobile applications). 

 Precision surface treatment (surface roughness; hole-drilling; plating with nickel, gold, silver, tin, etc.) 

 Cost effective production 

 Material Data: 3)
Table – 3 

AlSiC Constants 

Density 2.937e-006 kg mm^-3 
 

Thermal conductivity 0.197 W mm^-1 C^-1 
 

Young's Modulus MPa 2.3e+005 

Poisson's Ratio 0.24 

Bulk Modulus MPa 1.4744e+005 

Shear Modulus MPa 92742 

 Comparisons of Material Properties: E.

 Aluminium: 1)
Table – 4 

Aluminium Material Properties 

Young’s modulus 70Gpa 

Poisson’s ratio 0.35 

Density 2700 kg/m3 

Thermal conductivity 237. W/m.°C 

Specific gravity 910. j/kg.°C 

 AlSiC (40% &60%): 2)
Table – 5 

Alsic Material Properties 

Young’s modulus 230Gpa 

Poisson’s ratio 0.24 

Density 2937. kg/m3 

Thermal conductivity 197. W/m.°C 

Specific gravity 894. j/kg.°C 

 

Table 2.5 shows AlSiC Constants such as Young’s modulus, Poisson’s ratio ,thermal conductivity and Table 2.4 Aluminium 

Material Properties such as Young’s modulus, Poisson’s ratio ,thermal conductivity and Table 2.5 AlSiC material properties such 

as Young’s modulus, Poisson’s ratio ,thermal conductivity. And we compared material properties and found that AlSiC has 

superior properties. 
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III. RESULT AND DISCUSSIONS 

 Analysis Using Ansys : A.

 
Fig. 4: Imported Model of Piston 

ANSYS subdivides the model into many small tetrahedral pieces called elements that share common points called nodes. 

Figures 5.1 and 5.2 shows imported model of pison and meshed piston. 

 
Fig. 5: Shows the Mesh Model of Piston 

1) Red dots represent the element's nodes. 

2) Elements can have straight or curved edges. 

3) Each node has three unknowns, namely, the translations in the three global directions. 

4) The process of subdividing the part into small pieces (elements) is called meshing. In general, smaller elements give 

more accurate results but require more computer resources and time. 

5) ANSYS suggests a global element size and tolerance for meshing. The size is only an average value, actual element 

sizes may vary from one location to another depending on geometry. 

6) It is recommended to use the default settings of meshing for the initial run. For a more accurate solution, use a smaller 

element size. 

After meshing the model the boundary conditions are applied properly then the final results are obtained. The following figure 

shows the final results of structural analysis for different materials like Aluminium, AlSiC. 
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 Thermal Analysis: B.

Thermal analysis is a group of techniques in which the variation of a physical property of a substance is measured as a function 

of temperature. The most commonly used techniques are those which measure changes of mass or changes in energy of a sample 

of a substance. Figure Temperature Distribution In Aluminium Piston and figure 5.4 Temperature Distribution in Aluminium 

Piston. Figure 5.5 shows temperature distribution in aluminium silicon carbide piston, Figure 5.6 shows temperature distribution 

aluminium silicon carbide piston and Figure 5.7 shows total heat flux in aluminium  piston  Figure 5.7 total heat flux in 

aluminium  Piston.  

Temperature variation across various piston heights of piston in stedy state condition shown in figure 5.4 and boundary 

conditions applied shown in figure 5.3. Maximum temperature at top. 

 
Fig. 6: Temperature Distribution In Aluminium Piston 

 
Fig. 7: Temperature Distribution in Aluminium Piston 

 
Fig. 8: Temperature Distribution in Aluminium Silicon Carbide Piston 
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Figure 8 and 9 shows the boundary conditions and temperature variation across various heights of piston of aluminum silicon 

carbide piston. 

 
Fig. 9: Temperature Distribution Aluminium Silicon Carbide Piston 

 
Fig. 10: Total Heat Flux In Aluminium  Piston 

 
Fig. 11: Total Heat Flux In Aluminium Silicon Carbide Piston 

Figure 10 and 11 shows heat flux through aluminium and aluminium silicon carbide piston. And found that aluminium silicon 

carbide has better properties such Less heat flux through boundaries. 
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 Static Structural Analysis: C.

 Introduction: 1)

A static structural analysis determines the displacements, stresses, strains, and forces in structures or components caused by loads 

that do not induce significant inertia and damping effects. Steady loading and response conditions are assumed; that is, the loads 

and the structure's response are assumed to vary slowly with respect to time. A static structural load can be performed using the 

ANSYS. The types of loading that can be applied in a static analysis include: 

1) Externally applied forces and pressures 

2) Steady-state inertial forces (such as gravity or rotational velocity) 

3) Imposed (nonzero) displacements 

4) Temperatures (for thermal strain) 

 
Fig. 12: Shows The Fixed Support Model Of Aluminium  Piston 

 
Fig. 13: Shows The Fixed Support Model Of Aluminium Silicon Carbide Piston 



Design and Analysis of Piston by SiC Composite Material  
(IJIRST/ Volume 1 / Issue 12 / 096) 

 

 
All rights reserved by www.ijirst.org 586 

 Total Deformation in Piston with Various Materials: D.

 Material: Aluminium: 2)

 
Fig. 14: Total Deformation on Aluminium Piston 

From figure 12 shows maximum deformation of piston and observed that maximum deformation observed at top of piston. 

 
Fig. 15: Total Deformation on Aluminium Silicon Carbide Piston 

Figure 13 shows deformation of aluminium silicon carbide piston and maximum deformation at top of piston. Deformation 

found to be less in aluminium carbide piston. 

 Normal Stress Distribution in Piston with Various Materials: E.

 
Fig. 16: Normal Stress Distribution In Aluminium  Piston 
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Fig. 17: Normal Stress Distribution In Aluminium Silicon Carbide Piston 

Figure 14 and 15 shows normal stress distribution of aluminium and aluminium carbide piston and AlSiC has better properties. 

 Shear Stress Distribution in Piston with Various Materials: F.

 Material: Aluminium: 1)

 
Fig. 18: Shear Stress Distribution In Aluminium Piston 

 

 
Fig. 19: Shear Stress Distribution In Aluminium Silicon Carbide Piston 

Figure 16 Shear stress distribution in aluminium piston and Figure 17 shear stress distribution in aluminium silicon carbide 

piston and stress found to be maximum at top of piston. 
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 Equivalent Stress Distribution In Piston With Various Materials: G.

 Material: Aluminium: 1)

 
Fig. 20: Equivalent Stress Distribution In Aluminium Piston 

 
Fig. 21: Equivalent Stress Distribution In Aluminium Silicon Carbide Piston 

 Normal Elastic Strain Distribution In Piston With Various Materials: H.

 
Fig. 22: Normal Elastic Strain Distribution In Aluminium Piston 
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Fig. 23: Normal Elastic Strain Distribution In Aluminium Silicon Carbide Piston 

Figure 20 and 21 shows normal elastic strain of aluminium and aluminium carbide piston. Aluminium carbide piston has good 

properties.Maximum strain is .001 

 Shear Elastic Strain Distribution In Piston With Various Materials: I.

 
Fig 25: Shear Elastic Strain Distribution In Aluminium Piston 

Figure 22 and 23 shows elastic strain distribution of aluminium and aluminium carbide piston. Elastic strain found to be less in 

aluminium carbide than aluminium. 
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Fig. 26: Shear Elastic Strain Distribution In Aluminium Silicon Carbide Piston 

IV. COMPARISON 

Table - 6 

Total Deformation Analysis for Two Pistons 

Shows total deformation analysis for two pistons and 

material Total Deformation Equivalent elastic Strain Equivalent  Stress 

Aluminium 0.19052 mm 0.0097603 mm/mm 683.22 MPa 

Aluminium Silicon Carbide 0.060777 mm 0.0030589 mm/mm 703.54 MPa 

 
Table - 7 

Thermal Analysis for Two Pistons 

MATERIAL Temperature °C Total Heat Flux (W/mm2) 

Aluminium 450 °C 1.1053 W/mm2 

Aluminium Silicon Carbide 450 °C 1.0738 W/mm2 

V. CONCLUSIONS 

A piston made of composite material (aluminium silicon carbide) is designed and analyzed successfully. Composite piston made 

of metal matrix offers high strength retention on ageing even at severe environments. Compared to aluminium, the aluminium 

silicon carbide is found to have lesser deformation, lesser stress and good temperature distribution. Some of the limitations faced 

by aluminium piston are overcame by the aluminium silicon carbide piston. From this project we get the clear knowledge about 

the composite material AlSiC and its features 
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