
Arvind Kumar Lodhi, 11:1 

ISSN (Online): 2348-4098 

ISSN (Print): 2395-4752 

 

© 2023 Arvind Kumar Lodhi,This is an Open Access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly credited. 

Design Optimisation and Structural Analysis Of 

Piston 
M.Tech. Scholar Arvind Kumar Lodhi, Prof. Prakash Kumar Pandey 

 Department of Mechanical Engineering 

 VIT & S, Bhopal,MP,India 

 

 

 

 

 

 

 

 

 

 

 

I. INTRODUCTION 
 

Connecting rod is a component inside of an internal 

combustion engine. The piston is connected to the 

crank by connecting rod and it is the principal part to 

transmit power from the piston to the crankshaft. In 

terms of structural stability and performance, it is 

considered a critical factor. The main effort in 

reducing weight has been to optimize the form and 

remove materials, which is not often possible. In 

order to manufacture lightweight connecting rod.  

 

Furthermore, the connecting rod is a vital 

component of high volume production output. The 

reciprocal piston is connected to the rotating shaft 

and the piston thrust is sent to the shaft. Each motor 

that uses an inner combustion engine contains, 

based on the engine number of cylinders, at least 

one connecting rod. It is only rational to optimize the 

connecting rod design. The goal may also be met to 

lower the engine part weight and thereby reduce 

inertia loads, reduce motor weight, and improve 

motor efficiency and save power. 

 

Connecting rod is a component inside of an internal 

combustion engine. The piston is connected to the 

crankshaft by connecting rod and transmit forces 

from the piston to the crankshaft. Any car using an 

internal combustion engine needs at least one rod, 

based on the number of motor cylinder[1]. In other 

terms, a connecting rod is a rigid component that 

joins a piston in a reciprocal engine to a crankshaft. It 

forms a basic mechanism along with the crank that 

transforms the reciprocal motion into rotary 

movement [2]. 

 

 

Figure 1 Connecting rod [2]. 

 

II. LITERATURE REVIEW 

 
Sathish et al. (2020) “two separate materials such as 

AA2014, AA6061 and AA7075 have been analyzed. 

FEA review for selected three materials and for 

missed stress has been carried out by ANSYS tools; 

shear stress and overall deformation have been 

obtained from the software of ANSYS. The AA2014 

has fewer weight and higher rigidity compared to the 

three materials”. 

 

Muhammad et al. (2020)determined topology for 

connecting a rod appropriate for diesel engine 

applications and structural optimization… The link 

rod weight optimisation takes place with a 20% 

weight reduction goal, 30%, 40%, 50%, and 60% 
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under a 100N static loading to decide the weight to 

be removed to reduce weight and costs while 

affecting its strength and longevity. Comparison of 

structural static deformation, tension, elastic strain 

and protection component of Von Misses before and 

following optimization. Based on the outcome it can 

be inferred that manufacturing firms can use ANSYS 

Tools to mitigate waste of materials, while ensuring 

product consistency and efficiency at the same time. 

 

Muhammad et al. (2020) The study of stress and 

the optimization of a connecting rod with strong 

emphasis on essential parameters including 

deformity, stress, fatigue and stress, factor 

protection, and life values, among other things. A 

connection rod's output in an automotive motor is 

dependent on its design and weight. Therefore, 

research and optimization are important for 

producing a durable, cheaper and lightweight 

connecting rod.  

 

Natrayan et al. (2019)based on the working of the 

tractor in general tie rod that does not perform 

overload application.Firstly, old rod designs and 

materials were tested and mutated designs were 

examined in crucial loading situations, with different 

stresses and deformation features, using ANSYS 

software. 

 

Mahfouth et al. (2019)Performed finite element 

analyzes and design optimization analysis with solid 

works on a connecting rod. The sensitivity analysis 

was carried out and a convergence with a 

standardized element duration of 1.5 mm was 

achieved. The maximum tension existed mainly 

between the pin, crank and shank regions in the 

transition field. The optimization thesis was carried 

out to examine potential to reduce weight by 

changing some connecting rod measurements to 

restrict acceptable stresses and the protection factor. 

The percentage decrease was achieved by 

optimization with a minimum protection factor of 2.2 

and an overall stress of 127 MPa by Von Mises. In the 

static structural review the overall stress is less than 

the material yield power. 

 

III.FEM MODELLING OF CONNECTING  

ROD 

 
FEM is an approximation approach at its most 

simplistic form that divides a complex problem space 

or domain into several smaller and simpler parts 

(finite elements), which can be represented in 

relatively simple equations. FEM has been designed 

for the engineering study of electronic, civil and 

aeronautical engineering structures to model and 

analysis complex. It has the fundamental principles of 

physics, such as Newton's laws of movement, mass 

preservation, energy conservation, balancing, and 

thermodynamics laws. The FEM may be used to 

evaluate for example the structural dynamics of the 

various sections of a bridge, heat transfer through a 

motor component, or the dispensing of the 

electromagnetic radiation from an antenna under 

different loading conditions.  

 

The subdivision of the domain is an essential feature 

of FEM. Computer-aided program (CAD) is helpful in 

this respect since it determines an object's three-

dimensional form, conveniently split up to the 

desired net or three-dimensional grid of items of the 

required sizes. The mesh can describe elements of 

the same size and shape (such as cubes or pyramids) 

in different shapes or sizes in different sections of the 

domain, depending on the problem to be solved. It is 

necessary to select the right mesh or element model: 

The findings with a more coarser mesh (larger 

subdivisions), but a thinner mesh that produces 

further components which requires further power to 

solve. The results are less exact. Therefore it's helpful 

to specify a mesh which vary throughout the domain; 

a grosser mesh may be set in less interesting places, 

and a finer mesh in areas with a heavy effect on the 

comportement of the structure. 

 

It is therefore essential to be aware of the material 

properties of the components being studied while 

modeling a particular domain. In order to reach 

correct performance, physical elements including 

coefficient of thermal expansion, conductivity of 

electrical and thermal power, friction, dielectric 

constants, tensile strength and compressive force, 

yield tension, and more need to be integrated into 

the model.  Width and height of segment as shown 

in Table 1. Displays the specification variables, 

describing the connecting rod dimensions. 

 Table 1 Parameters range settings 

 

Parameters/Factors 
level 

1 2 3 

A Width of section (mm) 12 14 16 

B Height of section (mm) 16 18 20 
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Based on two parameters with three levels, nine- 

simulation scenario as per Taguchi’s orthogonal array      

have been created using Minitab software as shown 

in Table 2. 

Table2 Design array 

 

S.no 
Width of the 

section, mm 

Height of the 

section, mm 

1 12.81 16 

2 12.81 18 

3 12.81 20 

4 14 16 

5 14 18 

6 14 20 

7 16 16 

8 16 18 

9 16 20 

 

 
 

Figure 2:CAD model of connecting rod 

 

After creating CAD model of connecting rod, it is 

imported in ANSYS in IGES format for static analysis. 

 

IV. RESULTS AND DISCUSSION 
 

In this section the results for total deformation, 

Equivalent stress, strain and mass are presented and 

compared for the nine model of connecting rod. 

 
    1.  Total  Deformation 

     The figures below shows the deformation due to 

applied pressure as per the boundary condition 

applied. After comparing the deformation in different 

models it is noticed that simulation 9 shows maximum 

deformation. 

 

 
Figure 3: Deformation results. 

 
      2. Equivalent stress 

 

 
Fig. 4 Stress distribution in connecting rod 

 

       3.Design optimization of connecting rod using 

Response Surface Methodology 

 

An optimum condition was determined to obtain 

minimum values of selected parameters. Second-

order polynomial models were adoptedin the 

perspective of each response towards optimum 

conditions. 
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Figure 5 Optimization plot 

 

From the optimizer plot, optimal setting of width and 

height of section is obtained as 12.81 mm (level 2), 

20 mm (level 3), and optimized results are shown in 

Table 3. 

Table 3 Optimized Solution 

Solut

ion 
A B 

Mass, 

Kg 

Fit 

Stress, 

MPa 

Fit 

Deform

ation, 

mm 

Fit 

Comp

osite 

Desira

bility 

1 1.92

929 

3 0.620

197 

193.28

2 

0.06237

34 

0.7403

50 

 

Second-order polynomial models every response has 

been used to achieve defined optimum condition 

established in this analysis. For optimizing multiple 

parameters, the Derringer desire ability approach has 

been used. 

V. CONCLUSION 
 

In this study, optimization of connecting rod has 

been done using RSM technique by employing 

Minitab software. First, 3D modelling was done using 

Solid works software. After that model is imported in 

IGES format in ANSYS for static structural analysis. 

Using Taguchi’s L9 orthogonal array has been 

adopted for simulation purpose and geometry 

optimization. Stress, deformation and mass have 

been obtained under simulation plan. Final results 

are imported in Minitab software for optimization of 

parameters using RSM technique. From the optimizer 

plot, optimal setting of width and height of section is 

obtained as 12.81 mm (level 2), 20 mm (level 3), and 

optimized results are  mass of connecting rod = 

0.620197 kg, Stress = 193.282 MPa, and deformation 

= 00623 mm.The results suggest which optimum 

parameters or results may also be defined by the 

models used for these work. Further, this study is 

beneficial for designers and researchers in the 

perspective of design optimization by employing 

RSM technique. 
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