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Abstract 

The piston reciprocates in the cylinder to complete the cyclic events and transmit gas pores to the crank shaft through the connecting 

rod. Piston is the most important component in an internal combustion engine. The working condition of piston in an internal 

combustion is so worst. During the combustion stroke the fuel get ignited with the help of spark plug. Due to this combustion of 

gases in the cylinder the thermal deformation and mechanical deformation causes piston cracks, tortuosity etc. It is very essential 

to check out or analyze the stress distribution, temperature distribution, heat transfer, thermal load, mechanical load in order to 

minimize the stress, minimize the thermal stress and different loads on working condition of the piston. The internal combustion 

engine piston is made of Al alloy. This creates difference between the running and design clearances.  

Keywords: Heat flux, PISTON, Aluminium Silicon Carbide 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

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. Aluminium Silicon Carbide (AlSiC) will be used as an alternative for Aluminium.  For components as 

automobile pistons, strength, rigidity and ductility are not the only requirements in a material of construction, for one of the duties 

of the piston is to waste as easily and efficiently as possible the heat in combustion chambers which cannot be converted into 

power. It might be supposed, therefore, that with a piston made from an alloy with a high heat conductivity factor, considerable 

loss of power would result. As a matter of fact, the surface resistance to heat is approximately the same for all metals and the heat 

flow into the piston is practically determined by the exposed area of the metal. As soon as the piston has absorbed a proportion of 

the combustion heat, high conductivity helps to dissipate or waste the unwanted degree of the heat.  

To meet the special needs for strength at high engine temperatures, special alloys are used to withstand ordinary stressing alone. 

 Design Considerations of a Piston  

In designing a piston for I.C. engine, the following points should be taken into consideration  

1) It should have enormous strength to withstand the high gas pressure and inertia forces.  

2) It should have minimum mass to minimize the inertia forces.  

3) It should form an effective gas and oil sealing of the cylinder.  

4) It should provide sufficient bearing area to prevent undue wear.  

5) It should disperse the heat of combustion quickly to the cylinder walls.  

6) It should have high speed reciprocation without noise.  

7) It should be of sufficient rigid construction to withstand thermal and mechanical distortion.  

8) It should have sufficient support for the piston pin.  
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 Piston Structural Design Requirement  

Piston designed in cylindrical shape because easily Move to the up & down direction  

Piston should be a compact size  

Piston head geometry (curve, flat) should be in correct shape so that in gives maximum efficiency 

 Design of Piston 

Table - 1 

Engine specification Content Value 

Bore and stroke 50×49.5 mm 

Compression ratio 9:1 

Max. power 7.5 Ps @ 8000 rpm 

Max torque 7.95 N/m @4500 rpm 

Air fuel ratio 12:1 

Petrol Density 719.7 kg /m3 

Calorific valve of petrol 47000kj/kg 

By knowing the basic engine specifications like bhp, bore, stroke, compression ratio, maximum power and maximum torque we 

find the various dimensions of the piston which are sated below: -  

1) Thickness of the piston head  

2) Radial thickness of the ring  

3) Axial thickness of the ring  

4) Height of the first land  

5) Thickness of the piston barrel  

6) Radial thickness of ring grove  

7) Length of piston skirt  

8) Length of piston  

 Diameter of piston pin hole  

 Thickness of piston at open end  

Thickness of the piston head (Th) can be calculated by using Grashoff’s formula. The head is assumed to be flat and fixed at the 

edges and the gas pressure is considered as uniform over the entire cross sectional area. 

Th= (3×P×D2 /16× σ)1/2  

= (3×91.95×502/16×469)  

=9.58mm  

Where,  

Th = thickness of the piston head  

P= maximum pressure or gas explosion pressure  

D=diameter of piston  

σ= is the allowable stress of the material which is taken as 469 MPa for aluminium alloy.  

On the basis of the heat dissipation, the thickness of the piston head,  

Th= H/12.56 × k (Tc-Te)  

Where,  

H = the heat flowing through the piston head  

K= heat conductivity factor (174.75 W/m/K) for aluminium alloy  

Tc= temperature at piston center  

Te = temperature at edges  

(Tc-Te) difference is taken as 75 for aluminium alloy  

H = C × HCV × M × BP  

= 0.05 × 47000 ×103 × 0.069 × 7.5  

= 1216125  

Where,  

C = constant representing heat supplied to the engine and taken nearly 0.05 HCV 

(HCV of petrol is taken as 47000 KJ/kg; m is mass of fuel used per cycle)  

Th= H/12.56×k (Tc-Te)  

     = 7.37 mm  

Radial thickness of ring (t1):  

t1= D × √3Pw/σt1  

D = cylinder bore  

Pw = pressure of gas on the cylinder wall (nearly taken as 0.025 MPa to 0.042 MPa)  

σt=allowable bending tensile stress (84 MPa to 112Mpa)  

The axial thickness can be taken as 0.7×t1 to t1  
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The thickness of top land  

TL= 0.055 × D  

=2.75mm  

While the gap between the other rings are taken less because less force is applied here as compared to the top land. Here gas 

pressure, inertia of piston rings and friction between the rings and the cylinder wall is taken into consideration.  

The height of lands goes on decreasing as we go down ward. The width of land between first and second ring is nearly taken equal 

to (0.04 D to 0.05D). A small gap is maintaining between the rings and the cylinder wall to reduce the friction and piston side 

thrust.  

The depth of ring grove in the piston is taken greater than the width of ring for the reasons as explained above  

Dr= t1 + 0.4  

The thickness of piston is taken as: - 

Tp= 0.03D + dr+ 4.5  

At the open end the thickness is taken as (0.20 to 0.30Tp). The piston part below the ring section is called as skirt. It helps to 

bear the side axial thrust. The side thrust is normally taken as 0.1 to 0.3 of maximum pressure.  

The length of the piston is the sum of piston skirt, ring section and top land  

Lp= Lps+ ring section  

Here Lpsis taken nearly as 0.5 of the piston diameter  

(0.5×D)  

Lp = 25 + 3× 1.62 + 3 ×2.1  

= 36.16 mm  

The outside diameter of the piston pin (do) is obtained  

PBearing Force = Bearing Pressure X Bearing Area  

= Pb1× d × L  

Where, d is outside diameter of the piston pin, L is length of the piston pin in the bush of the small end of the connecting rod 

(0.3D to 0.45D), Pb1 is bearing pressure at the small end of the connecting rod bushing. The pin diameter is selected up to an 

optimum of about 40 percent of piston diameter.  

The length is taken less than the piston bore for allowing end clearance of the pin. The material used for piston pin is normally 

taken steel alloyed with nickel, chromium, molybdenum or vanadium which has very high tensile strength nearly 750MPa to 

900Mpa 
Table - 2 

Parameter Calculated Values 

Piston length 36.16 mm 

Piston diameter 50 mm 

Pin hole external diameter 13 mm 

Pin hole internal diameter 8 mm 

Piston ring axial thickness 1.05 mm 

Radial thickness of ring 1.62 mm 

Depth of ring groove 2.02 mm 

Gap between the rings 2.75 mm 

Top land thickness 7.3 mm 

Thickness of piston at top 7.05 mm 

Thickness of piston at open end 1.76 mm 

II. ANALYTICAL STRESS CALCULATIONS 

The piston crown is designed for bending by maximum gas forces Pzmax as uniformly loaded round plate freely supported by a 

cylinder. The stress acting in MPa on piston crown:  

σb=Mb/Wb  

Where,  

Mb = (1/3) Pzmax ri3 is the bending moment, MN m; Wb = (1/3)  

×δ×2 is the moment of resistance to bending of a flat crown, m3; Pzmax = Pz, is the maximum combustion pressure,  

MPa; =5Mpa  

This value varies from 2Mpa-5Mpa in case of aluminium alloy.  

ri = [D / 2 - (s + t1 + dt)] is the crown inner radius, in m.; 

where, 

Thickness of the sealing part  

s = 0.05D  

= 0.05×50  

=2.5mm  

Radial clearance between piston ring and channel:  
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dt= 0.0008m  

Radial thickness of ring (t1) =1.62mm.  

Therefore,  

ri = [0.05/2-(0.0025+0.00162+0.0008)]  

=0.03m  

Thickness of piston crown  

δ= (0.08 to 0.1) ×D  

= 0.085×50  

=4.25mm.  

σb= 5× [(0.03/0.00425) ^2]  

= 249.13MPa  

Hence required theoretical stress obtained from calculation is 249.13Mpa.  

For the design to be failsafe, the obtained value of theoretical stress must be less than the allowable stress. Allowable stress 

calculated previously was 469 MPa, which is greater than the obtained stress (249.13Mpa). Hence the design is safe. 

 Heat flux calculation 

For most solids in usual conditions, heat is transported mainly by conduction and the heat flux is adequately described by Fourier's 

law. 

The heat flux associated with a temperature profile T(x) in a material of thermal conductivity k is given by  

Q/A = K × dT/dx  

K = 197 W/mK  

dT = 75  

dx = 2πr2 + 2πrt  

Q/A = 197 × 75 / (2 × 252 π + 2 × 25 × 36.16)  

Q/A = 2.5762 W/mm2  

So Heat flux = 2.5762 W/mm2 

III. DESIGN OF BODY 

CATIA V5 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 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.  

CATIA provides a suite of surfacing, reverse engineering, and visualization solutions to create, modify, and validate complex 

innovative shapes. From subdivision, styling, and Class A surfaces to mechanical functional surfaces.  

CATIA enables the creation of 3D parts, from 3D sketches, sheet metal, composites, molded, forged or tooling parts up to the 

definition of mechanical assemblies. It provides tools to complete product definition, including functional tolerances, as well as 

kinematics definition.  

CATIA can be applied to a wide variety of industries, from aerospace and defense, automotive, and industrial equipment, to 

high tech, shipbuilding, consumer goods, plant design, consumer packaged goods, life sciences, architecture and construction, 

process power and petroleum, and services. CATIA V4, CATIA V5 design disciplines such as industrial and standard  

 
Fig. 1: Line diagream of Piston 
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Fig. 2: 3D Sketch of piston 

IV. MATERIAL FOR PISTON 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 g/cm2 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. 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. 

 Advantages of Aluminium  

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.  

 Properties of Aluminium 

Table - 3 

Properties  

Density 2.78 g/cc 

Thermal Conductivity 121 W/mk 

Young's Modulus 73.1 GPa 
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Poisson's Ratio 0.33 

Shear Modulus 25926 MPa 

Bulk Modulus 77778 MPa 

 Aluminium Silicon Carbide 

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. 

 
Fig. 3: AlSiC Microstructure 

 Advantages of Aluminium Silicon Carbide 

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

2) High thermal conductivity (conducts heat almost like aluminium)  

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

applications).  

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

5) Cost effective production. 

V. STAGES IN ANALYSIS 

 Stage I  

In this stage. stp file is imported to the meshing software like Hyper mesh. The CAD data of the shaft and roller structure is 

imported and the surfaces were created and meshed. Since all the dimensions of shaft and roller are measurable (3D), the best 

element for meshing is the Solid 185.  

 Stage II  

 Meshing  

A structure or component consists of infinite number of particles or points hence they must be divided in to some finite number of 

parts. In meshing these components are divided into finite numbers because dividing helps to carry out calculations on the meshed 

part. Component is divided by nodes and elements. Here elemental nature selected is 3D and all dimensions of shaft and roller are 

in proportion so that the Solid 185 elements are selected for meshing.  

While meshing mesh size of an element is to be taken into consideration because all software’s have some limits for the number 

of elements. Less the mesh size more will be the number of elements and coarse the mesh size less will be the number of elements. 

As the number of elements increases the run time increases. After meshing elements are to be checked for quality i.e. elements 

have some definite quality criteria which should be met by all elements. A quality criterion consists of minimum and maximum 

angles of the elements, Jacobian, war page etc. 

 Stage-III  

After meshing is completed we apply boundary conditions. These boundary conditions are the reference points for calculating the 

results of analysis. In short we here go for the preparation of deck. Here we apply, define and apply various loads. Different load 

steps are created which are to be applied during analysis. Here surrounding effect has been taken into consideration while applying 

loads. Elements are defined by their properties. Material properties such as density, modulus of elasticity, Poisson’s ratio etc. is 
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assigned to the elements. Here proper arrangements are made so that we can run the analysis in solver software. After the 

completion of process model is exported to the solver.  

 Stage-IV  

Meshed and boundary conditions applied model is imported to the solver. Analysis process starts after applying run in the solver 

software. Software first calculates the deflection with respect to the boundary conditions applied. Then on the basis of deflection 

it calculates strain. Once the strain is calculated we know modulus of elasticity then we can calculate the stress values. Results are 

viewed and accordingly modifications are suggested. Modifications are suggested according to high stress regions obtained. If the 

stresses are beyond the permissible limits then changes such as change in material, change in thickness of component or addition 

of ribs etc are made according to suitability. The calculation of stress depends upon the failure theory suitable for the analysis. 

VI. THERMAL AND STATIC STRUCTURAL ANALYSIS OF PISTON GEOMETRY 

If the geometry of the part that we want to analyses has been already been created in a CAD package, it is generally more efficient 

to import in to ANSYS that to re-create it.  

 .stp Imports: 

Expands on .stp Importing Which Has Been Already Created using CAD Software.  

The geometry of the piston is modeled using CATIA V5R17. Which is saved in the format of. stp file. .stp file can be easily 

imported into the ANSYS software. Imported piston geometry is as shown in below 

 
Fig. 4: Imported Geometry of Piston for Analysis 

 Meshing 

 After importing the model into ANSYS, it is meshed with hex dominant method. Sizing of each element is kept to be 5mm. 

 
Fig. 5: Meshed Model of the Piston. 
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Table – 4 

Elements and Node Count 

Name Value 

No. of the Elements 5531 

No. of nodes 11,369 

 Thermal Analysis of Piston 

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 Temperature Distribution in Aluminium Piston. 

Figure shows temperature distribution in aluminium silicon carbide piston, Figure shows temperature distribution aluminium 

silicon carbide piston and Figure shows total heat flux in aluminium piston Figure total heat flux in aluminium Piston. Temperature 

variation across various piston heights of piston in steady state condition shown in figure and boundary conditions applied shown 

in figure Maximum temperature at top.  

 Fourier’s Law provides the basis of the previous equation:  

 This means that the thermal analysis Simulation solves for is a conduction-based equation.  

 Heat flow within a solid (Fourier’s Law) is the basis of [K] 

 Heat flux, heat flow rate, and convection are treated as boundary conditions on the system {Q}  

 No radiation is currently considered  

 No time-dependent effects are currently considered  

 Heat transfer analysis is different from CFD (Computational Fluid Dynamics)  

 Convection is treated as a simple boundary condition, although temperature-dependent film coefficients are possible.  

 If a conjugate heat transfer/fluid problem needs to be analyzed, one must use ANSYS CFD tools instead.  

 It is important to remember these assumptions related to performing thermal analyses in Simulation.  

 Boundary Conditions 

It is important to understand assumptions related to using shell and line bodies: For shell bodies, through-thickness temperature 

gradients are not considered. A shell body should be used for thin structures when it can be safe to assume temperatures on top 

and bottom of surface are the same. Temperature variation will still be considered across the surface, just not through the thickness, 

which is not explicitly modelled. For line bodies, thickness variation in the cross-section is not considered. A line body should be 

used for beam- or truss-like structures, where the temperature can be assumed to be constant across the cross-section. Temperature 

variation will still be considered along the line body, just not through the cross-section, which is not explicitly modelled 

 
Fig. 6: Temperature Distribution in Aluminum Piston 

There Are Three Types of Loads in Thermal Analyses 

 Heat Loads 

These loads pump heat into the system. Heat loads can be input as a known heat flow rate or heat flow rate per unit area or unit 

volume. 

 Adiabatic Condition 

This is the naturally-occurring boundary condition, where there is not heat flow through the surface.  

 Thermal Boundary Conditions 

These boundary conditions act as heat sources or heat sinks with a known temperature condition.  These can be either a prescribed 

temperature or a convection boundary condition with a known bulk temperature. 
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Fig. 7: Tempertaure Distribution in Aluminum Carbide Piston 

VII.  RESULTS OF THERMAL ANALYSIS TEMPERATURE 

A temperature is an objective comparative measurement of hot or cold. It is measured by a thermometer. Several scales and units 

exist for measuring temperature, the most common being Celsius (denoted °C; formerly called centigrade), Fahrenheit (denoted 

°F), and, especially in cience, Kelvin (denoted K). The coldest theoretical temperature is absolute zero, at which the thermal motion 

of atoms and molecules reaches its minimum – classically, this would be a state of motionlessness, but quantum uncertainty dictates 

that the particles still possess a finite zero-point energy. Absolute zero is denoted as 0 K on the Kelvin scale, −273.15 °C on the 

Celsius scale, and −459.67 °F on the Fahrenheit scale.  

The kinetic theory offers a valuable but limited account of the behavior of the materials of macroscopic bodies, especially of 

fluids. It indicates the absolute temperature as proportional to the average kinetic energy of the random microscopic motions of 

those of their constituent microscopic particles, such as electrons, atoms, and molecules that move freely within the material. In 

thermal analysis, we found out two results viz. Temperature and total heat flux. 

 
Fig. 8: Temperature distribution in Aluminum Piston 

 
Fig. 9: Tempertaure distribution in Aluminum Carbide Piston 
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 Total heat flux 

Heat flux or thermal flux is the rate of heat energy transfer through a given surface per unit time. The SI derived unit of heat rate 

is joule per second, or watt. Heat flux density is the heat rate per unit area. In SI units, heat flux density is measured in [W/m2]. 

[1] The dimensional unit is {\displaystyle [MT^{-3}]}.Heat rate is a scalar quantity, while heat flux is a vectorial quantity. To 

define the heat flux at a certain point in space, one takes the limiting case where the size of the surface becomes infinitesimally 

small. Heat flux is often denoted, the subscript q specifying heat rate, as opposed to mass or momentum rate. Fourier's law is an 

important application of these concepts.  

 
Fig. 10: Total Heat Flux in Aluminum Piston 

 
Fig. 11: 

 Static Structural Analysis of the Piston 

A structure refers to a body or system of connected parts used to support a load. Structural analysis is the determination of the 

effects of loads on physical structures and their components. Structures subject to this type of analysis include all that must 

withstand loads, such as buildings, bridges, vehicles, machinery, furniture, attire, soil strata, prostheses and biological tissue. 

Structural analysis employs the fields of applied mechanics, materials science and applied mathematics to compute a structure's 

deformations, internal forces, stresses, support reactions, accelerations, and stability. The results of the analysis are used to verify 

a structure's fitness for use, often precluding physical tests. Structural analysis is thus a key part of the engineering design of 

structures.  

A static analysis calculates the effects of steady loading conditions on a structure, while ignoring inertia and damping effects, 

such as those caused by time-varying loads. A static analysis can, however, include steady inertia loads (such as gravity and 

rotational velocity), and time-varying loads that can be approximated as static equivalent loads (such as the static equivalent wind 

and seismic loads commonly defined in many building codes).  

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:  
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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)  

 Boundary Condition 

There are four types of structural loads available:  

 Inertial loads 

These loads act on the entire system. Density is required for mass calculations. These are only loads which act on defined Point 

masses.  

 Structural Loads 

These are forces or moments acting on parts of the system  

 Structural Support 

These are constraints that prevent movement on certain regions  

 Thermal Loads 

Structurally speaking, the thermal loads result in a temperature field, which causes thermal expansion on the model. In boundary 

conditions pressure is applied on the top of the piston made up of aluminium pressure is applied also fixed support is given to the 

piston as shown in the below fig. 

 
Fig. 12: Fixed Support Model of Aluminium Piston 

 Pressure Loading 

Pressures can only be applied to surfaces and always act normal to the surface positive value acts into surface (i.e., compressive) 

negative value acts outward from surface (i.e., suction) Units of pressure are in force per area  

 Force Loading 

Forces can be applied on vertices, edges, or surfaces. The force will be distributed on all entities. This means that if a force is 

applied to two identical surfaces, each surface will have half of the force applied. Units are mass × length/time2.  A force is defined 

via vector and magnitude or by components (in user-defined Coordinate System)  

In boundary conditions pressure is applied on the top of the piston made up of aluminium silicon carbide pressure is applied also 

fixed support is given to the piston as shown in the below fig. 

 
Fig. 13: Fixed Support Model of Aluminum Carbide Piston 
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 Fixed Support  

Constraints all degrees of freedom on vertex, edge, or surface  

For solid bodies, prevents translations in x, y, and z  

For surface and line bodies, prevents translations and rotations in x, y, and z  

 
Fig. 14: Total Deformation on Aluminium Piston 

 

 
Fig. 15: Total Deformation on Aluminium Silicon Carbide Piston 

 Normal Stress  

A normal stress is a stress that occurs when a member is loaded by an axial force. The value of the normal force for any prismatic 

section is simply the force divided by the cross-sectional area. 

 

 
Fig. 16: Normal Stress Distribution in Aluminum Piston 
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Fig. 17: Normal Stress Distribution in Aluminum Silicon Carbide Piston 

 Shear Stress 

Normal stress is a result of load applied perpendicular to a member. Shear stress however results when a load is applied parallel to 

an area. Looking again at figure one, it can be seen that both bending and shear stresses will develop. Like in bending stress, shear 

stress will vary across the cross sectional area. 

 

 
Fig. 18: Shear Stress Distribution in Aluminum Piston 

 
Fig. 19: Shear Stress Distribution in Aluminum Silicon Carbide Piston 
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 Equivalent von-Mises Stress  

In materials science and engineering the von Mises yield criterion can be also formulated in terms of the von Mises stress or 

equivalent tensile stress, a scalar stress value that can be computed from the Cauchy stress tensor. In this case, a material is said to 

start yielding when its von Mises stress reaches a critical value known as the yield strength. The von Mises stress is used to predict 

yielding of materials under any loading condition from results of simple uniaxial tensile tests. The von Mises stress satisfies the 

property that two stress states with equal distortion energy have equal von Mises stress. 

 
Fig. 20: Equivalent Stress Distribution in Aluminum Piston 

 
Fig. 21: Equivalent Stress Distribution in Aluminum Silicon Carbide Piston. 

 
Fig. 22: Normal Elastic Strain Distribution in Aluminum Piston 
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Fig. 23: Normal Elastic Strain Distribution in Aluminum Silicon Carbide Pisto 

 
Fig. 24: Shear Elastic Strain Distribution in Aluminum Piston 

 

 
Fig. 25: Shear Elastic Strain Distribution in Aluminum Silicon Carbide Piston 

Table – 5 

Total deformation analysis for two pistons 

Material Total Deformation Equivalent Strain 

Aluminum 0.55686 0.01333 

Aluminum Silicon Carbide 0.14163 0.0023984 

Table – 6 

Thermal Analysis for Two Pistons 

Material Temperature (^C) Total Heat flux(W/mm2) 

Aluminum 450 1.8457 

Aluminum Silicon Carbide 450 2.0202 
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Table – 7 

From above comparison AlSiC is suitable material. 

For AlSiC: 

 Calculated Value Analyzed value 

Normal Stress 465 mPa 396.65 mPa 

Heat Flux 2.5762 W/mm2 2.0202 W/mm2 

VIII. CONCLUSION 

It is concluded from the above study that using CATIA software design and modelling become easier. Only few steps are needed 

to make drawing in three dimensions. Same can be imported to ANSYS for analysis. Piston made of composite material AlSiC is 

analyzed. Their structural analysis shows that the maximum stress intensity is on the bottom surface of the piston crown in all the 

materials. Maximum temperature is found at the centre of the top surface of the piston crown. This is equal for all materials. 

Depending on the thermal conductivity of the materials, heat transfer rate is found maximum in Al alloy. Compared to aluminium 

and other alloys, the aluminium silicon carbide is found to have lesser deformation, lesser stress and good temperature distribution.  
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