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Abstract: In this report, ANSYS applications for stress and deformation analysis for steady state of diesel engine piston 

presents the mechanical and thermal review. Simulation can achieve the distribution of tension, pressure, and temperature 

inside the piston in the usual working state of the engine. Higher stress value happens mostly at the piston head and in the 

region around the screw pin whole, because the risk of deformation in these places is greatest. In this study, the maximum 

thermo-mechanical loading equivalent stress is 216.5 MPa, far below the yield strength for the piston content used in 

aluminium alloys (315 MPa). 
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I. Introduction 

Piston motors are the primary cause of automotive energy production. The piston is a big aspect of the motor locomotive that 

influences the piston rings by occupying containers with sills. The piston offers a close air room for combustion after placement in 

the cylinder. Right before the piston pin attaches a rod on one edge, fuel is burned on the other side. Piston transmits the longitudinal 

force that produces the reciprocal force on or during ignition of the fuel to allow the crankshaft to rotate. Furthermore, the piston 

acts as a handheld sealed attachment to ensure a safe combustion of the engine cylinder. The piston content has extreme mechanical 

and thermal stresses [1], [2] due to its high amplitude cyclic power, long-term temperature and bad cooling. Researchers have been 

working constantly to develop the architecture of the piston to obtain high engine efficiency. The works include, for example, the 

rational approach to the measurement of piston-high-temperature circulation [3] and combustion stream simulation [4], 

improvements to thermal and mechanical behavior [5][7][8] in the material properties of the piston, and improvements in friction 

reduction and lubrication between the piston and wall [9][10],[11][12][13][14], and creation of modeling. During activity, high 

temperatures and cyclic intensity produce from fuel combustion exposed to piston. This abuse of the atmosphere (high mechanical 

and thermal stresses) will damage the piston and cause piston failure. Periodic load and temperature variations create cyclic stress 

and cyclic distortion of the piston, a major cause of piston damage that leads to fatigue failure. More was achieved to examine the 

piston loss and power function [17]. [18] [19] in this analysis [19] the thermal warmth and heat stress fields under the stabilization 

of diesel piston, Liuet.al, was studied. Powerful piston points contained in thermo-mechanical fusion intended for China-V diesel 

engines were carried out for numerical piston analysis buckle the standard computational approach for estimating mechanical and 

thermal properties distribution has been finite element analysis in most structural components during a current measurement period. 

In the thesis [19], liu evaluated and finite element research carried out mechanical and thermal conditions of the piston for a diesel 

engine [20], assisted quantitative engineering of the piston analysis in order to overcome crack problems 

It occurs due to exhaustion. Work [21] studied the lifespan of fatigue and the thermal tension of the piston as well. Different forms 

of insulation at the outside surface have been found to decrease the highest heat in the piston and also boost wear properties. [22] 

The following: [21] have done thermal heating calculations using a ceramic covering diesel engine piston finite 3-D part technique. 

 

This work uses the SOLIDWORKS tools for the measuring measurements to produce the geometric 3D piston model using the 

analytical formula and then import it for further study in the ANSYS workbench. For the strain, temperature and heat flow added 

as boundary conditions, reference values were taken. By way of simulation performance, mechanical and thermic pressures, 

comparable stress and temperature profile difference, flow of heat and elastic strain equivalent were achieved. The paper attempts 

to demonstrate a perfect way for the construction of pistons to be loaded thermally and mechanically. 

 

1.1 Design and modelling of piston 

Piston material 

Piston material is chosen based on the properties needed for higher efficiency and reliability of the piston. Any of the most 

significant features of this process are high thermal and mechanical efficiency, which is able to endure high temperatures and 

produce pressure due to combustion of fuels. In order to avoid fluid from escaping from either side of the piston the piston should 

be effectively sealed moving link between cylinder wall and piston skirt. Piston wear can also be fewer since it wants adequate 

wearing space. 

Alloy is commonly used in nearly any form of automobile engine as piston steel. However, in early years of engine production the 

element in piston is Cast iron. This is because cast iron has broad properties ideal for pistons such as strong thermal expansion 

coefficient, relatively low wear and good workmanship. However, ongoing attempts to attain high speed and engine efficiency have 

demonstrated that the motor requires a high strength to weight ratio. Due to the weight of the reciprocal component, the power 

output is limited by inertia. In order to fulfill this criteria aluminum has a cast iron edge for the piston base steel. Lightweight 

aluminum with very high thermal conductivity (thrice of Cast-iron). Light weight gives Al the piston thickness, and a strong thermal 

conductivity allows spread the heat efficiently through the material with the same power of the piston. In operations the reduction 

thermal stresses as a consequence of complete piston deformation and increase the existence and output of the underside of engine 
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Öl in the crankcase by holding it in the healthy temperature range it substantially lower the temperature (250 ° C at 300 ° C as 

opposed to Cast iron 400 ° C at 450 ° C). The other piston characteristics for Al are approximately identical to solid. The cool 

running properties of Al piston are currently recognized as being just as precious and essential as the weightlessness of the organism. 

 

The following features should refer to the IC engine piston: 

 Resistance to gas demand, tensile, compressive and bending power 

 Heaviness of light 

 Minimum friction is necessary in order to minimize piston wear. 

 Leak facts to discourage oil or gas leakage. 

 Noise from reciprocation may be fewer. 

 To lower the temperature, the piston material should have strong thermal conductivity. 

 High thermal and mechanical tolerance to high temperature and moving power. 

The piston content used in this study is Al 4032 when taking note of the above criterion. 

Table 1: Composition of Al4032 

 

 

 

Table 2 -: Physical properties of Al4032 

                       Property           Value 

             Modulus of elasticity,GPa            79  

             final tensile strength, MPa            380  

             Exact heat capacity, J/kgK            870  

             Thermal conductivity, W/mK            155  

             Poisson’s ratio.            0.34 

             Density, (g/cc).            2.68  

             Thermal expansion coefficient, /0C            19.4×10-6   

 

1.2 Thermal and mechanical analysis of piston 
Computer Aided Engineering 

The piston 3d model is developed with SOLIDWORKS software from the measurements measured above and imported for further 

study into ANSYS workbench. 

Measurement The mesh generation is the main parameter for FEM simulation. To achieve optimum precision, it is vital that the 

optimum no of mesh products and the correct size of the components is selected. ANSYS has a number of three-dimensional solid 

components, which can be mounted to the suitable platform in different ways. In this model, 3D linear tetrahedron-shaped 

components are used for meshing. Tetrahedral components are modular, fast to automate and free to use. Fig.1 shows the mesh grid 

of the piston model. The assembly comprises 57630 cumulative components and 91176 nodes. 

 

Fig.1: Mesh representation of the piston 

Structural examination of piston   

In combustion chamber a high-pressure force is released by combustion of the fuel which exerts force on the piston head and moves 

it with high speed. This pressure force serves as a limit condition in ANSYS Workbench15 while the piston is structurally studied. 

Pin hole in the piston community transmits to the power driving into the connecting rod from the upper dead centre to the lower 

Aluminium        84.9% 

Silicon        11.9% 

Magnesium         0.99% 

Copper        0.89% 

Nickel        0.89% 
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dead centre, as it can fail because of the combustion force (including bending force). It is then called a set border support. The 

largest stress on the piston is 6 MPa in the control carriage. During simulation of the model, different simulation results are obtained 

after the pressure applied to the piston in the ANSYS Workbench 15.0 which provides structural analysis of the piston. For the most 

critical tension, Von-mises strain, maximal elastic pressure and a complete buckle the findings obtained in the structural analysis 

of the piston are. 

  
Fig. 2: Applied pressure with fixed support 

 

Fig 3: corresponding Stress sharing in piston 

  
Fig.4: Maximum principal stress results in piston Fig.5: The piston total Deformation results  

 

In Fig.3, the maximum Von-mises pressure in piston is located in the center of the piston head during all structural study. The 

highest strain from Von-mises is 68 MPa. The value of the rim piston is rather lower than seen in the plot but the relative tension is 

relatively large in the area of the piston pin, similar to the other part of the piston pole. The major tension allotment in the piston as 

seen in Fig.4. The overall stress value is 33 MPa on the piston head boundaries. In the piston skirt area, the highest value of the 

maximal key stress is much less. The area also has the most critical key stress values in ring grooves, in which the magnitude is 

between 25 and 35 MPa. The maximal piston distortion as seen in fig.5 in the center of the piston head. Compared to piston head 

deformation, the overall deformation values in other parts of the piston are very tiny. The skirt area of the piston has minimal 

deformation. Where the mid-section of the skirt has standardized deformations and the highest value for the piston pin region. 

 

II. Literature Review 

The creative substance Silicon Nitride has been used as material to reduce the strength of the warm and simple worries (the top bit 

of the piston). As the substance of the crown is porous in nature and the rock is inherently bendable. In the core of the steel crown 

and the Composite Rock, a clay reinforced fiber stripe was presented to preserve a strategic gap from dissatisfaction of the fired 

crown due to its delicate existence when subjected to stacks after inflammation gasses. Eutectic alloy was used as a cylinder’s 

material for this function (11-13%). At first, a warm and simple analysis of silicon nitride diadema on Al Alloy cylinder was done 

and then using silicon nitride diadema using ANSYS goods. The findings are being considered at this stage. The findings revealed 

that the silicon nitride diadem-orchestrated cylinder is intelligent to tolerate strong warm and auxiliary uncertainties of the silicon 

nitride crown cylinders. 

 

Ajay Raj Singh [3] used a restricted part technique to demonstrate the simple and warm pressure appropriation of three disparate 

cylinder aluminum amalgams (FEM). The behavior of the ignition engine cylinder constructed of variations of aluminum has been 

studied by M.X. Calbureanu[3]. The paper explains the work progress through the use of a small portion analysis technique to 

forecast the enhanced pressure and core region of the part. 

 

http://www.ijsdr.org/


ISSN: 2455-2631                                           © January 2021 IJSDR | Volume 6, Issue 1                  

IJSDR2101041 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 260 
 

A thermodynamic IC engine model in which ignition has been analysed has been applied by S.S. Feng[4]. The model is illuminated 

by a warm release work and an exact transition element. The weight that follows is clarified by the thermodynamic model and 

approximate pressure data for an entirely fitted IC sparkle start (SI) research facility. Decided limits are produced and compared 

with numerical reproductions for the period to high weight, intermediate weight, and most drastic speed of rising weight (including). 

 

Venkata rajam et al. [5] improved the lighter, more grounded, zirconium-covered cylinders, and the covered cylinders were tested 

by Von misses using ANSYS for practical zenith transmission. Examen of the force diffusion shall be equipped for the 

measurements of questions regarding air weight and warm varieties on various components of the closed cylinder. The strain from 

misses was raised by around 16% and the redirection increased after progress. 

 

E. H. Smith et al. [6] analyzed and found the results of a number of objects, such as the degree of bending of the bore, the similitude 

of the ring, the rotation on the ring hub and the ring face profile. An improved oil accessibility strategy in a ring pack was created, 

taking account of the effect on cylinder and oil selection of the relative ringen areas in front of the ring, also summarizing the 

progress of the model and providing some of the selected results. 

 

Radoslav Plamenov Georgiev et al. [7] At one stage during an inspection of the actual four fondle engine chamber, found a clash 

between the diadema diameter, container width and zenith earth stature on force transport and rough and quick tweakage. This full 

update is performed with the aid of ANSYS for the proper geometry dependent on verifiable testing FEA. This broadsheet explains 

the weight dispersal and the warm problems of three separate aluminiums are coupled using a restricted section strategy. The 

limitations for entertainment are operating air weight, temperature and content cabin belongings. 

 

Muhammet Cerit [8]  The high hotness and force circulations of a vehicle cylinder (SI) in an incomplete sparkle sealed earthenware 

is agreed on. Inclusion of associations of grades in or after an uncoated package have been tested for impacts of wrappers width 

and breadth on hotness and nervous agitation. It is seen that the outside covering increased by increasing the thickness to 81.9 

degrees C by means of 0.41 mm covering diameter at a decreasing velocity external cylinder temperature. the normal weight of the 

covered external reductions with a shielding diameter of about 1 mm where the tension calculation is the pedestal. However, as the 

thickness of the case reaches 1.1 mm, it becomes bigger. The typical intensity is continuously decreased and the most intense force 

of cuts is raised at a degrading pace and the superlative width of the cover is near 1 mm in the provided environment among the 

outer protective shielding intensifying width. 

 

G. Floweday et al. [9] Updated tests designed to determine a collision in the oil structure portion of traveler vehicle diesel engines 

between various forms of gasoline. Different unforeseen disappointments were encountered in the chamber head, turbocharger and 

cylinders over the research program. The key explanation for the cylinders' deceptions during these experiments was concentrated 

in this examination. Investigations of broken cylinder systems found that the initiation of thermal mechanical overtires resulted 

from a required silicon split and consequential miniaturization due to the thermal-mechanical mountains over the upper limit. The 

evaluation showed also that overfueling and a combination of elevated and uncontroversial post-intercooler air temperatures 

culminated in the irrational thermo mechanic cylinder-stacking. No data was available to show that the deceptions were established 

by the meanings of the test fuel. 

 

III. Piston Material 

 

In order to resist the heavy gas weight and the inactivity of the piston, the lower mass should be tremendous in common to regulate 

idleness. The cylinder can be designed to spread heating and mechanical twisting easily for the lowest concussion and reasonably 

unflexible extension. The cylinder can form a durable gas and oil connection in a chamber to avoid undue wear and mechanical 

mutilation. A suitable wearing range is needed. 

 

Mainly aluminum compound is the substance used on the pipes. Cylinder aluminum will either be fearful or made. For cylinders 

even cast iron is used. In the early years cast iron was virtually a widespread material for cylinder products because of its exceptional 

wearing features, extension coefficient and general suitability. In any event, the usage of aluminum for the cylinder was fundamental 

because of the decrease in weight of the reacting sections. A more prominent metal thickness is necessary to achieve equal 

efficiency. A part of the advantage of light metal has been missed, though. Aluminum is inferior in supremacy and consumer 

definition to cast-iron, and its more extraordinary expansion coefficient demands greater versatility in the chamber to preserve a 

strategic gap from the danger of capture. The warmth conductivity of aluminum is around three times greater than the of cast iron, 

together with a higher quality thicken, and therefore, carbonized oil is not stuck on the lower side of the cylinder at much lower 

fever than a cast iron one (200 ° C at 250 ° C contrasted with 400 ° C at 450 ° C) This cool working feature of aluminum is currently 

seen to be as critical as its softness. Certainly, cylinders are often thicker than usual for consistency in order to have a stronger 

refrigeration. 

 

The cast iron cylinder is acceptable for water use and the motor cylinder speed is below 6 m/s, and a variation of aluminum cylinder 

is required for intensively high-speed motor research. Provided that, in the approach to the cylinder, the aluminum compounds were 

effectively used to cylindrical Hi hotness conductivity of cast iron. The high disturbance intensity due to high temperatures holds it 

between the middle limits of the cylinder head at the maximum temperature. 
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3.1 IC engine piston mechanism must have the subsequent description: 

• Tensile, compressive and twisting strength to fail to accept gas powers • Lower amount/light load • May be substituted by 

lower noise/vibration • 

• Provide sufficient community actions to delay wear. 

• The gas from above and oil on or trailing the base should be sticked down 

• The dissolution of heat during incineration is mandatory. 

• High quality deformation conflict and high hotness with essential forces. 

 

IV. CONCLUSION 

The greater value of the equivalent stress occurs primarily on the head of the piston and in the region near the pin hole, hence the 

chance of deformation on these parts is maximal. The maximum thermo-mechanical loading stress produced in this analysis is 216,5 

MPa, which is considerably smaller in terms of aluminum (315 MPa) alloy yield strength as piston material. 

V.  FUTURE SCOPE 

1. Only with the assistance of the product ANSYS the static FEA of the cylinder was carried out. This work can be extended to take 

into account the influence of the cylinders in unique circumstances. 

2. The ESA can also be used to determine anxieties that provide more motivation to examine the changed qualities acquired. 

3. Some other kind of aluminum compounds, such as cast aluminum, aluminum manufactured, steel cast, and manufactured steel, 

can be used to achieve this task. 

4. For cylinder operation at elevated temperatures, aluminum compounds may be covered with aluminum oxides. 
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