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Abstract: 

The thesis work describes stress optimization of Piston for I.C. Engine by using FEM is to be investigated and analyzed. The stresses 

due to combustion are considered to avoid the failure of the piston. Intensity of structural stresses should be reduced to have safe 

allowable limits. The thesis introduces an analytical study of the structural effects on the piston head. Autodesk Inventor software is 

used to model the piston and analysis is performed for four different Aluminium alloys namely A2618, A4032, Al- GHS 1300, Al 

6066 Heated Wrought. The thesis describes the piston optimization by using finite element analysis technique to predict the higher 

stresses and critical region on the component. The optimization is carried out to reduce the stress concentration on the head of the 

piston and other areas. A new suitable material named “Tennalum” was found, tested and got satisfied results on optimizing the 

piston. Other parts like connecting rod and crankshaft are optimized for different materials to obtain the best suited assembly. 

Comparative analysis is done for the materials carbon steel, Al T6-2024, Al T651- 7075 for connecting rod and alloy steel, SAE 1045, 

5086 H32 alloy for the crankshaft. Analysis of the assembly was done with and without optimized materials to know the best 

performance of the IC Engine assembly combination. 

 

Keywords: Analysis, modelling, Optimization, Piston, Stresses, Weight reduction 

 

I. INTRODUCTION: 

 

An “Internal Combustion Engine” is that kind of prime mover 

that converts “Chemical energy to Mechanical energy”. The fuel 

on burning changes into gas which impinges on the piston and 

pushes it to cause reciprocating motion, which is then converted 

into rotary motion of the crankshaft with the help of connecting 

rod. Ultimately, through a system of gears in the powertrain, this 

motion drives the vehicle‟s wheels.IC engines are used in 

marine, locomotives, aircrafts, automobiles and other industrial 

applications. The working pressure and temperature inside the 

engine cylinder is very high, hence special alloys are used. High 

grade fuels are used with proper filtration. It is light and compact 

due to lower ratio of weight and bulk to output. The efficiency of 

I.C Engines is about 35-40%.There is an increase in demand for 

the improved performance of automobile components at reduced 

costs. Research led to improvements in ICE performance 

(horsepower and 0-60 mph acceleration time) and efficiency, 

helping manufacturers maintain or increase fuel economy. In I.C. 

Engine, “Piston” is the most complex part and therefore for the 

smooth running of the vehicle, piston should be in proper 

working condition. The function of the Piston is “bearing the gas 

pressure and making the crankshaft rotation through the piston 

pin”. Piston works in high temperature of 2500K, high pressure, 

high speed and poor lubrication conditions. The top of the piston 

bears the gas pressure, in particular the work pressure. The 

investigations indicate that greatest stress appears on the upper 

end of the piston and stress concentration is one of the mainly 

reason for fatigue failure. Pistons fail mainly due to mechanical 

stresses and thermal stresses. Pressure on piston head during 

working condition and uneven temperature distribution from 

piston head to skirt is observed. The top surface of the piston 

may be damaged or broken during the operating conditions and 

the damaged or broken parts are so expensive, difficult to replace 

and generally are not easily available.  

 

 
Figure.1.Temperature Influence on Different Areas of Piston 

Ghodake A.P. et al [5] applied operating gas pressure and the 

material of the piston as the parameters and performed the stress 

analysis. The results of Vonmisses stresses and deflections 

suggest that fatigue is not responsible for the biggest slice of 

damaged pistons, but the stresses induced are the major factor for 

piston failure. The dynamic analysis was carried out to find the 

critical areas of stress magnitudes [6]. Generally, the pistons are 

manufactured by Aluminium, Cast iron and steel. In order to 

obey its various functions of bearing high gas pressures and 

inertia forces, rigid construction to withstand mechanical and 

thermal distortions, minimum mass to minimize the inertia 

forces, high strength materials are used for investigation. Micro 

alloyed steels having higher yield and endurance limits were 

used for analysis to obtain a superior performance [8]. Bajaj 
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Kawasaki motorcycle piston was considered for practical 

investigation. Its modelling was done in CREO and the analysis 

was done in ANSYS to predict the maximum stresses. The 

critical regions were identified by the static and thermal analyses 

performed to optimize the piston geometry [3]. The stress 

distribution is analyzed by using FEM and optimization is 

carried out to reduce the stress concentration on the piston. 

During Power stroke, the pressure on piston will increase and 

produce high stresses on piston and on piston skirt. Due to high 

pressure and temperature in the combustion engine, friction will 

increase and the piston skirt will expand. This friction can 

produce wear and scratch at piston skirt. And it also produces 

high stresses on piston head that causes damage to the piston and 

decreases the power output of the engine. Therefore, Objective 

of the paperis to “Optimize the Piston with the best material 

possible so as to withstand the high mechanical and thermal 

stresses developed and the best combination of materials possible 

for different components of the IC Engine so as to increase the 

fuel economy.”  

 

II. DESIGN OF IC ENGINE COMPONENTS: 

 

For the successful functioning of an I.C Engine, the components 

are designed accordingly. 

Specification of the Engine: 

 Engine type – Single Cylinder High Speed Kirloskar 

(Diesel) Engine 

 Brake power (B.P) = 5 hp = 3.73 KW 

 Bore of a cylinder = 80mm 

 Speed =1500 rpm (four stroke) 

 Stroke length (l) = 110mm 

 Compression ratio, rc =16.5:1 

 Expansion Ratio, re = 5:1 

 Mechanical efficiency, ηm = 1- 
1

𝛾
 [(re

-γ
 – rc

-γ
)/(re

-1
 – rc

-1
) ] 

= 56.31% 

 

DESIGN OF AN I.C ENGINE CYLINDER: 

 Brake Power (B.P): 3.73 KW 

 Mechanical efficiency (ηm) : 56.31% 

 Indicated  power (I.P): (B.P/ηm) 

                = 3.73/0.5631 = 6.624 KW 

 
Figure.2. Diesel Cycle 

 For internal combustion engine (L/D) = 0.9 to 1.9 

∴ L/D =0.9 

 Bore diameter (D) = 80mm 

 Length of the stroke (L) = 110mm 

 Speed (N) = 1500rpm (four stroke) 

 Compression ratio =16.5:1 

 Fuel =Diesel 

 Compression ratio = V2/V1 = 16.5/1 

Or V2 = 16.5V1   ──────────❶ 

V2 – V1 = Swept volume ─────────❷ 

 Swept volume =
𝜋𝑑2

4
∗ 𝐿 =

𝜋(80)2

4
 * 110 = 552640 𝑚𝑚3 = 

0.000552 𝑚3 

From equations ❶ and❷ we have 

V2 – V1 = 552640 

Or, 16.5V1-V1 = 552640 

Or, 15.5 V1 = 552640 

∴ V1 = 3.5654e
-5𝑚3 = 35654.19 mm

3 

∴ V2 = 16.5v1 = 0.0005882 m
3
 = 588294.19 mm

3
 

 Indicated Power(PI) = 
Pm ∗L∗A∗N 

2∗60∗1000
 

Where, Pm =Indicated mean effective pressure 

Here, L ∗ A = Swept volume 

= 6.16 ∗ 10−4𝑚3 

Or, 6.624 =
Pm ∗552640 ∗1500

2∗60∗1000
 

Or, Pm = 958957.65 N/𝑚2= 0.958957 MPa  

 

From the above fig. 1 at state - 2: 

Volume (V2) = 588294.19 m𝑚3 

Pressure (P2) = atmospheric pressure = 0.10132 MPa 

Now, Process 2-3 is adiabatic, P2 V2
γ 

= P3V3
γ
 (where 𝛾 =

1.4 𝑓𝑜𝑟 𝑎𝑖𝑟) 

P1 = P2 
𝑣2

𝑣1
 
𝛾

= P2 
𝑣2

𝑣1
 
𝛾

( from the fig, V3 = V1) 

= 16.51.4 ∗ 0.10132 𝑚𝑝𝑎(
𝑣2

𝑣1
=compression ratio)=5.13 MPa 

∴ Maximum pressure inside the cylinder (Pmax) = 5.13 MPa 

Mean effective pressure (Pm) = 0.958957 MPa  

 

DESIGN OF I.C ENGINE PISTON: 

The Piston is a „heart‟ of an automobile engine. It is one of the 

key components of the engine.  A piston is a moving component 

that is contained by a cylinder and is made gas-tight by piston 

rings. In an engine its purpose is to transfer energy from 

expanding gas in the cylinder to the crank shaft via piston rod 

and connecting rod. The Properties of piston material while 

designing are: 

 

 It should have high strength so as to withstand the high 

gas pressures and temperatures.  

 

 It should have light weight so as to reduce the inertia 

forces.  

 

 It should have good thermal conductivity so that the 

heat can be removed from the piston crown to the rings 

& then to the cylinder wall.  

 

 It should have low coefficient of thermal expansion so 

as to minimize the expansion at high temperatures.  

 

 It should have high wear resistance at high temperature, 

low coefficient of frictionand  should have good bearing 

properties. 
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Figure.3. design parameters of ic engine piston 

 The thickness of the piston head (th), according to 

Grashoff‟s formula is given by 

th=√
3∗𝑃𝑚𝑎𝑥 ∗𝐷2

16∗𝜎𝑡
mm, th=√

3∗5.13∗802

16∗358.53
= 4.1 mm

 

 The radial thickness (t1) of the ring may be obtained by 

considering the radial pressure between the cylinder wall 

and the ring. From bending stress consideration in the ring, 

the radial thickness is given by t1= √𝐷
3𝑝𝑐

𝜎𝑏
    t1 = 80√

3∗0.042

85
   

= 3.08 mm ≈ 3 mm 

 The axial thickness (t2) of the rings may be taken as 0.7 

t1 to t1. So, t2 = 1 t1 = 3 mm 

 The width of the top land (i.e.the distance from the top 

of the piston to the first ring groove) is made larger than 

other ring lands to protect the top ring from high 

temperature conditions existing at the top of the piston, 

∴ Width of top land, b1 = th to 1.2 th 

→ 1.2 th= 1.2*4.1 = 4.92mm ≈ 5mm. 

 The width of other ring lands (i.e. the distance between 

the ring grooves) in the piston may be made equal to or 

slightly less than the axial thickness of the ring (t2). 

∴ Width of other ring lands, b2 = 0.75 t2 to t2  

→ b2 = t2 = 3mm 

 The depth of the ring grooves should be more than the 

depth of the ring so that the ring does not take any 

piston side thrust.The gap between the free ends of the 

ring is given by 3.5 t1 to 4 t1. The gap, when the ring is 

in the cylinder, should be 0.002 D to 0.004 D. 

 The maximum thickness (t3) of the piston barrel may be 

obtained from the following empirical relation: t3= 0.03 

D + b + 4.5 mm 

Where, b = Radial depth of piston ring groove which is 

taken as 0.4 mm      larger than the radial thickness of the piston 

ring (t1) = t1 + 0.4 mm  

Thus, above relation may be written as t3 = 0.03 D + t1 + 4.9 mm 

= (2.4+3.4+4.5)mm=10.3 mm 

 The piston wall thickness (t4) towards the open end is 

decreased and should be taken as 0.25 t3 to 0.35 t3. 

  t4 = 0.35t3 = (0.35*10.3) mm= 3.605 mm 

 The length of the piston skirt can be calculated byLs= 
𝜋∗𝜇∗𝐷∗𝑃𝑚𝑎𝑥

4∗𝑃𝑠
 

Where, 𝜇= Coefficient of friction between liner and skirt = 0.03 

to 0.1, D= Cylinder bore in mm,Pmax= Maximum gas pressure, 

N/mm
2
,Ps= Side thrust pressure, N/mm

2 

≤ 0.28 N/mm
2
for low speed engine 

≤ 0.5 N/mm
2
for high speed engine 

∴ Ls = 0.6D to 0.8D = 0.8 * 80 ≈ 64 mm 

 In actual practice, the length of the piston skirt is taken 

as 0.65 to 0.8 times the cylinder bore. Now the total 

length of the piston (L) is given by 

L = Length of skirt (Ls) + Length of ring section (Lr) + Top land 

(b1) = 64+21+5 = 90mm  

The diameter of the piston pin(d)can be determined by, 

d = 
𝐹𝑔

𝑃𝑏∗𝑙
 

Where, Fg= Maximum gas force in N,Pb = Bearing pressure at 

the small end of the connecting rod bushing in N/mm
2
. Its value 

for the bronze bushing may be taken as 25 N/mm
2
. l is the 

length of the piston pin = 1.5 d and 

Fg= 
𝜋

4
𝑑2𝑃𝑚𝑎𝑥  =

𝜋

4
∗ 802 ∗ 5.13 = 25786.192 N → d = 26.22 mm. 

Design Calculations for “Tennalum” material: 

 Thickness of Piston head, th = 11.095 mm. 

 t1 = 3.08 ~ 3.1 mm 

 t2 = 3 mm 

 b1 = th to1.2 th = 1.2 * 11.095 = 13.315mm 

 t3 = 0.03D+b+4.5 = (0.03*80) + (3.1+0.4) + 4.5 = 10.4 

mm 

 t4 = 0.35t3 =0.35(10.4) = 3.64mm 

 L = 0.8D =64 mm ; Lr = 21mm 

 Total Length = Ls+Lr+b1 = 64+21+13.315 = 98.315 

 Diameter of piston pin = 26.22mm  

 

DESIGN OF I.C. ENGINE CONNECTING ROD: 

 

Bore diameter of the cylinder (D) = 80mm 

Density of diesel = 0.832 kg/l = 8.32e
-7

 kg/mm
3
 

Length of the connecting rod = 2 x stroke length 

Temperatures encountered in the piston crown areas  

= 60
0
F = 288.85K 

Area of the connecting rod (modelled)  

= 45428.162 mm
2
 

Volume of the connecting rod (modelled)  

= 190440.786 mm
3
 

Mass of the connecting rod can be calculated as  

m = density (ρ) x volume= 0.1584 kg. 

From the Gas Equation, it obeys the ideal law  

PV = M r t 

r = R/Mw = 8.314/182000 = 4.56 e
-5

 

R – Universal Gas constant = 8.314 J/K.mol,  

Mw = Molar mass  

Substituting the above values in the ideal gas equation,  

P = 
0.1584∗45.6∗288.85

190440 .786
    →P = 10.95 MPa 

 

DESIGN OF CRANKSHAFT: 

 

D = piston diameter or cylinder bore = 95 mm  

P = maximum pressure on piston = 2 MPa 

dc = Diameter of crankpin = 22.92mm  

lc = length of crankpin = 34.38 mm  

b = distance between the bearings 1 & 2 is equal to twice the 

piston diameter  = 2D = 190 mm, 

 i.e. b1 = b2 = b/2 = 95 mm  
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III. MODELLING:  

 

As per the dimensions calculated for the piston parameters, the 

diameter (D) of the piston is found to 95.5mm.  

 
Figure.4. Sketch of the Piston 

 

 
Figure.5. Model of The Piston 

 

The connecting rod is designed theoretically and is modelled in 

Autodesk Inventor as shown in figure 6..  

 
Figure.6. Sketch of Connecting Rod 

    

 
Figure.7. Sketch of Crankshaft 

 
Figure.8. Ic Engine Assembly 

 

IV. ANALYSIS:  

 

The modelled piston is imported into the “Stress Analysis” 

window to perform the stress analysis at static condition. The 

faces where the piston pin is to be attached are selected and the 

upward surfaces of the piston were selected as constraints. 

According to the ultimate stress of the material used for piston, 

the pressure to be applied is calculated theoretically and is 

applied as 5.13 MPa.  

Physical Properties of “Al 6066 Heated Wrought” material were: 

Young‟s Modulus, E = 68948 MPa 

Yield Strength = 360 MPa 

Tensile Strength = 390 MPa 

Co-efficient of thermal expansion, α = 2.322 e
-5

 /
0
C 

Density, ρ = 2712.6 pound/in
3 

Poisson‟s ratio, µ = 0.33 

Specific Heat = 0.024 btu/ (lb. 
0
F) 

Thermal Conductivity, K = 1.337 e
-7

btu/in.sec
0
F 

 

 
Figure.9. stress analysis in inventor 

 The maximum Vonmisses stress value obtained is 125.2 

MPa, the maximum displacement occurred is 

0.4246mm and the safety factor is 2.875. 

 The analysis is also done for other three different 

materials of Aluminium alloy namely A2618, A4032, 

Al-GHS 1300 and their stress results are tabulated as 

follows.  
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Table.I. Properties Of The Aluminium Alloys 

S.No: Parameters A2618 A4032 
Al-GHS 

1300 

1. 
Elastic Modulus, 

GPa 
73.7 79 98 

2. 
Ultimate Tensile 

Strength, MPa 
480 380 1300 

3. 
0.2% Yield Strength, 

MPa 
420 315 1220 

4. Poisson‟s ratio 0.33 0.33 0.33 

5. 

Thermal 

Conductivity, 

W/m
0
C 

147 154 120 

6. 

Co-efficient of 

Thermal expansion, 

K
-1

 

25.9e
-6

 79.2e
-6 

18e
-6 

7. Density, kg/m
3
 2676.99 2684.95 2780 

 The Vonmisses stresses and the Deformations obtained for 

the different materials are tabulated in Table II. 

 

Table.2. Analysis Results For Different materials 

S.No

: 

Materia

l 

Vonmisses 

stress, MPa 

Deformat

ion, mm 

Factor 

of 

Safety 

1. 

Al 6066 

Heated 

Wrough

t 

125.2 0.44502 2.875 

2. A 2618 167.76 0.03327 2.05 

3. A 4032 159.13 0.02639 2.12 

4. 
Al-GHS 

1300 
165.45 0.03915 2.115 

 It is observed from the analysis results that the stresses 

produced were high and Factor of safety was less. 

 

COUPLE FIELD ANALYSIS: The following conditions 

were considered and the three aluminium pistons are tested 

under these conditions. 

 

Table.3. Conditions for couple field analysis of petrol 

engine [3] 

S.No: Piston Region 
Temperature 

(K) 

Heat 

Transfer 

Co-

Efficient 

(W/m
2
K) 

1. Piston Head 623 300 

2. 
Width of Top 

Land 
603 160 

3. 
Piston Ring 

Area 
523 120 

4. 
Piston Skirt 

Land 
413 600 

 

 The above conditions were applied and the results are 

validated for the couple field analysis of the Petrol Engine 

Piston. As Kirloskar Engine is considered in this work, which is 

a diesel engine, the couple field analysis conditions varies and 

are found to be as shown in the Table IV. 

 

Table.4. Conditions For Couple Field Analysis Of Kirloskar 

Diesel Engine [10] 

S.No: Piston Region 
Temperature 

(K) 

Heat 

Transfer 

Co-

Efficient 

(W/m
2
K) 

1. Piston Head 1132.7 3200 

2. 
Width of Top 

Land 
1119.85 2400 

3. 
Piston Ring 

Area 
971.285 1600 

4. 
Piston Skirt 

Land 
767 1000 

 

V. OPTIMIZATION:  

 

The objective of the optimization is to minimize the stresses 

occurring on the piston head. In order to reduce the stress 

concentration, the piston head should have enough stiffness to 

reduce the deformation. To study the influence of parameters on 

piston stress levels, number of iterations are run using 

Optimization tool. Through these results it was possible to 

choose the best value for each parameter taking into account the 

stress levels on the piston and the mass of the piston. The aim is 

to minimize the stress obtain on the piston head of non-optimized 

model with some safety margin. Factor of safety being the ratio 

of Yield point stress to the Working or Design stress. 

Automobile industries use factor of safety between 2.0 to 3.0. As 

piston is a critical component, Factor of safety is considered as 

2.5. For aluminum alloy considered, (Al 6066 Heated Wrought) 

tensile yield strength is 360MPa. And mass of piston is 

0.2454Kg. The piston is subjected to high cyclic pressures and 

temperatures inside the cylinder. So to withstand these 

differences in temperatures and less fatigue in its behavior, the 

material used should be such that it can sustain high loads. 

Hence, optimization is done to obtain the mass reduction and 

increase of fuel economy.  Optimization is done in Stress 

analysis window using the parametric table for the material Al 

6066 Heated wrought. 

 

 Click on the “Model Tree” on the left of the browser, right 

click on the “Piston.ipt” part model and select “show 

parameters”.A window appears in which the parameters are 

listed in a table by which the piston is modelled.The required 

parameter is to be selected for optimization from the list of 

parameters displayed. 

 For the optimization to be done, the areas that can be 

optimized were the length of thepiston skirt, areas of 

compression and oil rings, width of other ring lands.Firstly, 

selecting the parameter as the “length of the piston skirt”, the 

optimization process is proceeded further. 

 The parametric table is defined and the optimized values are 

checked for different iterations to obtain the best value. 

 The mass reduction and the stress distribution are observed 

as the parameters for optimization. The results obtained are 

tabulated in Table V. 
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Figure.10. display of parameters 

 

 
Figure.11. simulation for optimization  

 

Table.5.Values Of Parameters Before And After  

Optimization 

S.

No

: 

Part 

Name 

Length 

before 

Optimi

zation, 

mm 

Length 

after 

Optimizat

ion, mm 

Vonm

isses 

stress, 

MPa 

Facto

r of 

Safet

y 

1. 

Length 

of 

Skirt 

64 57 
126.52

8 
2.84 

2. 

Width 

of Top 

Land 

5 4.5 
134.76

2 
2.6 

3. 

Width 

of 

Compr

ession 

Ring 

Groov

e 

3 2.5 
149.90

1 
2.4 

4. 

Thickn

ess of 

Piston  

4.1 3.6 154.72 2.1 

 It is observed from the table that as the optimization is 

carried out, Factor of safety is being reduced to a 

minimum of 2.1. 

 It depicts that the load if applied twice its value, the 

component will easily damage or may fail. Hence, need 

for a higher “Yield strength” material or the load 

carrying capability material is selected to perform the 

analysis. The other aluminium alloys used for the 

analysis are also nearly of the same factor of safety, 

hence, need for a new material that satisfies the 

requirement is desired. 

 From the research, a material named “Tennalum” is 

found. Its yield strength is very high and 

experimentally, from research literature, it is found that 

it exhibits high thermal resistant properties and also it is 

capable of withstanding heavy loads. 

 For a piston, to perform its function, it should possess 

high load bearing capacity, minimum weight, strength 

to resist the high gas pressure, good resistance to 

distortion under heavy forces and temperatures. 

 Tennalum, (Al 7068) is the hardest known alloy and due 

to its physical properties, is found to be appropriate and 

is used for the analysis of the piston component. 

 After performing the stress analysis at static condition, 

the vonmisses stress is found to be 111.8 MPa and a 

factor of safety of 5.85. 

 

Table.6. Comparative Analysis of the Piston Materials 

Considered 

S.No: Material 

Vonmisses 

Stress, 

MPa 

Deformation, 

Mm 

Factor 

of 

Safety 

1. A2618 167.16 0.03327 2.05 

2. A4032 159.13 0.02639 2.12 

3. 
Al GHS 

1300 
165.45 0.03195 2.115 

4. 

Al 6066 

Heated 

Wrought 

233.07 0.44502 2.06 

5. Tennalum 111.8 0.06793 5.85 

 

 The Piston is optimized using Tennalum material in the 

same procedure explained before. 

 

Table.7. Optimization Values At Different Areas Of The 

Piston 

S.N

o: 

Part 

Name 

Befor

e 

Optim

izatio

n, mm 

After 

Optimi

zation, 

mm 

Vonmi

sses 

Stress, 

MPa 

Deforma

tion, mm 

Factor 

of 

Safety 

1. 

Lengt

h of 

Skirt 

64 57.25 
113.50

6 
0.1792 5.77 

2. 

Widt

h of 

Top 

Land 

13.31

5 
12 

115.25

1 
0.1758 5.68 

3. 

Thick

ness 

of 

Pisto

n 

Head 

11.09

5 
10.25 

122.74

1 
0.17773 5.33 

4. 

Widt

h of 

Comp

ressio

n 

Ring 

Groo

ve 

3 2.3 
125.19

7 
0.1684 5.23 
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 Hence, after optimization at different areas, the Factor 

of Safety is high and the piston material is able to 

withstand the high pressures and temperatures that may 

be applied.  

 It is checked for different loads of 125%, 150%, 175%, 

200%, 225%, 250% 

 

 
Figure.12. vonmisses stress at 125% load   

 

 
Figure.13. vonmisses stress at 225% load 

 

 
Figure.14.vonmisses stress at 250% load 

 

 The results were tabulated in the Table 10. It can be 

incurred from the results that the piston material obeys a 

good factor of safety of 2.98 even under the highest 

load of 250% 

 

Table.8.  Stress results for different range of loads 

S.No: 
Percentage 

of Load 

Load 

Applied, 

(Pressure) 

MPa 

Von-

misses 

Stress, 

MPa 

Factor 

of 

Safety 

1. 100% 5.13 125.19 5.23 

2. 125% 6.4125 135.68 4.82 

3. 150% 7.695 153.91 4.255 

4. 175% 8.9775 172.15 3.81 

5. 200% 10.26 190.4 3.44 

6. 225% 11.5425 208.620 3.13 

7. 250% 12.825 226.850 2.98 

 

 At the highest loads of 225% of the original load, the 

piston is tested for its working conditions and found that 

at even high temperatures, the Piston made of 

“Tennalum” is able to withstand the cyclic pressures 

and temperatures induced. 

 This shows that Piston Optimization is satisfied with the 

material found on research, “Tennalum”.   

 

COUPLED FIELD ANALYSIS:  

 The Optimized Piston is undergone Couple Field 

analysis for the thermal and structural loads for the 

Optimized Piston as described for the diesel engine  

 

 
Figure.15. Vonmisses Stress At 125% Load 

 

 
Figure.16.Vonmisses Stress 150% Load 
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Figure.17. Vonmisses Stress 200% Load 

 

 
Figure.18. Vonmisses Stress 250% Load 

 

 The results for the couple field analysis as obtained for 

the optimized piston were tabulated below.  

 

Table.9. Stress results for different range of loads under 

couple field 

S.

No

: 

Percenta

ge of 

Load 

Load 

applied(Pres

sure) MPa 

Vonmis

ses 

Stress, 

MPa 

Deformat

ion, mm 

Fact

or 

of 

Safe

ty 

1. 100% 5.13 
129.09

0 

0.058817

1 
5.07 

2. 125% 6.4125 139.89 0.0679 4.68 

3. 150% 7.695 158.68 0.07707 4.12 

4. 175% 8.9775 
177.49

0 
0.08621 3.69 

5. 200% 10.26 196.32 0.0953 3.33 

6. 225% 11.5425 
215.09

0 
0.1044 3.04 

7. 250% 12.825 
233.89

0 
0.113604 2.80 

 

 Hence, even for the Couple Field analysis, the piston 

sustained the highest loads and the factor of safety was 

2.80 which are more acceptable.Therefore, the 

considered material “Tennalum” was proven to be 

suitable for the piston from the results obtained. 

 

OPTIMIZATION OF CONNECTING ROD:  
Generally, the connecting rod is made of the material low carbon 

steel and the crankshaft is made of Alloy Steel. Two different 

materials were proposed for the analyses that are best suited for 

the assembly so as to give reliable results wasfound. They were 

SAE 1045 and Malleable Iron materials for the Crank shaft. T6-

2024 and T651-7075 were the proposed materials for connecting 

rod. Their properties were listed below. 

Table.10. Properties of connecting rod materials 

S.No: Property 
SAE 

1045 

5086 

H32 

T6-

2024 

T651-

7075 

1. Density, 

ρ 

(g/cc) 

7.872 2.6 3 2.81 

2. Young‟s 

Modulus 

(GPa) 

201 71 73 71.7 

3. Yield 

Strength 

(MPa) 

530 689 380 503 

4. Ultimate 

Tensile 

Strength 

(MPa) 

625 294 490 572 

 

According to the pressures calculated theoretically, the loads 

were applied. 

 
Figure.19. Stress Result For Low Carbon Steel Material 

 

Table.11.. Stress results for different materials of connecting 

rod 

S.No: 
Material 

used 

Vonmisses 

Stress, MPa 

Deformation, 

mm 

Factor of 

Safety 

1. 

Low 

Carbon 

steel 

194 0.0096395 1.80 

2. 
Al T6 

2024 
192.2 0.0265656 1.97 

3. 
Al-T651 

7075 
192.2 0.0270474 2.61 

 

 
Figure.20. Stress Result For Sae 1045 Alloy Material 

 The results of the stresses and deformations were listed 

in Table XII. 
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Table. 12. Stress results for different materials of crankshaft 

S.No: 
Material 

used 

Vonmisses 

Stress, MPa 

Deformation, 

mm 

Factor of 

Safety 

1. 
Alloy 

Steel 
11.16 0.001927 2.06 

2. 
SAE 

1045 
11.046 0.00188 2.3 

3. 
5086 

H32 
11.04 0.00532 2.4 

 

Hence, the assembly analyses were done without optimization 

materials and with the optimized materials and the results are 

compared to obtain the best suited assembly. 

 The assembly analysis with and without optimization 

was done using the following materials. 

 

Table.13. Materials for optimization 

Part 
Without 

Optimization 

With 

Optimization 

Cylinder Ductile Iron  Ductile Iron 

Connecting 

Rod 
Carbon Steel 

Al T651 7075 

Crankshaft Alloy Steel 
5086 H32 

alloy 

Pins and Piston 

pin 
Aluminium 

Aluminium 

Piston 
Al 6066 Heated 

Wrought  Tennalum 

 

 
Figure.21. Assembly Analysis With Optimized Materials 

 

 Without Optimization, the vonmisses stress was found 

to be 1971 MPa and the deformation was 0.669389 mm. 

 After the optimization process, the components were 

assembled and the static analysis was performed, 

thereby vonmisses stress of 1325 MPa is obtained and 

the deformation obtained was 0.4438 mm. 

 Hence, there was a decrease of 32.77% for Vonmisses 

Stress and 34.76% for deformation before and after 

Optimization of the assembly and 34.76% for 

deformation  

 Also, there was a decrease of 34.76% for the 

deformation obtained for the stress analysis before and 

after Optimization. 

 

VI. CONCLUSIONS: 

 

Structural analysis is done to determine the critical region of 

stresses. To withstand the cyclic pressures and temperatures, a 

new material namely Tennalum was introduced and was found to 

be satisfying and produced better results. The factor of safety 

was an encouraging factor for the optimization and helped in 

obtaining optimized results. Initially, before optimization, the 

factor of safety was 5.85 when undergone static analysis. The 

Optimization is carried out at the areas of compression ring 

grooves, oil ring grooves, ring lands, piston skirt area and at the 

thickness of the piston head turning the factor of safety to 5.23. 

This is a very good factor showing that it can sustain the higher 

stresses when induced.Also better materials were proposed for 

connecting rod and crankshaft to improve the efficiency. The 

high stresses obtained can be withstood by the use of these 

materials. Hence, it is tested for its purpose by performing Static 

analysis. Finally, an optimum material is found. These optimized 

materials of all the parts were included in the assembly and the 

analysis is performed in the static condition. The results were 

compared with that of the non-optimized assembly. This shows a 

decrease in Vonmisses stress by 32.77% and decrease in 

deformation was 34.76%. The optimization of materials for 

different parts of the assembly is found to be satisfied. The new 

material named “Tennalum” considered for piston is observed to 

give better results than the usual piston materials used for 

manufacturing even after Optimization. The Optimization 

procedure done for the Piston component is justified as per the 

parameters to be considered while designing. Also, there was no 

change in Clearance Volume which may lead to change in 

Compression Ratio of the Engine. 
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