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Abstract. Automotive engineering design has recently focused majorly on the stress analysis 

and optimization of a connecting rod with keen emphases to the vital parameters such as 

deformation, stress, fatigue and strain, factor safety, life values among others. The performance 

of a connecting rod in an automobile engine is influenced by its design and weight. Hence, for 

the production of a durable, cheaper and lightweight connecting rod, analysis and optimization 

become necessary. This article provides a review of some vital work done by various 

researchers in designing, analyzing and optimization of connecting rod of an engine using 

Finite element analysis in ANSYS workbench A comprehensive comparison table and graphs 

for the reviewed research articles have been provided. The article will serve as a stepping stone 

for both old and new researchers in the field of automotive design. 

1. Introduction 

One resource of energy in automobile sector is internal combustion engine. Internal combustion 

engine transforms chemical energy in the form of reciprocating movement of the piston right into 

mechanical energy. Internal Combustion engine has numerous components like cylinder, piston, 

connecting rod, crank and also crank shaft [1], [2]. Connecting rod is just one of the vital driving 

components of light engine, it creates an easy device that transforms direct movement right into 

rotating movement. Thus, a connecting rod is utilized to transform reciprocating movement of the 

piston right into rotating activity of the crankshaft [3]. Hence, the connecting rod has to be sufficiently 

strong to withstand forces without damages due to the pressure created from the burning [4]. A 

connecting rod is a framework that sustains the axial compressive tons that has a tendency to stop 

working due to inelasticity [5]. The connecting rod directly sees the pressure put on the drive as well 

as crank train as it equates the direct activity of the stroke of the piston to the rotational activity of the 

crank. Devastating damages would certainly take place to the engine needing costly repair services if 

the connecting rod was to stop working. 

As the latest created internal combustion engine began to be standardized, the significance of the 

connecting rod along with the crank shaft was necessary to the procedure of a dependable engine. 

Throughout the manufacturing of these internal combustion engines, the power generated has actually 

progressively been increasing, causing enhanced pressures being established in modern engines. 
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Therefore, effort and time are essential to produce the very best connecting rod to permit it to take care 

of high stress with lesser weight [2].  There are two types of connecting rod: H-beam and I-beam or 

even a combination of the two. These connecting rods are utilized based on the area of application and 

usage. An I-beam is strong and light, however the kind of product utilized, limits its capability to 

manage high pressure. Whereas an H-beam are used in high power engines because they can take care 

of far more stress and anxiety without flexing [6]. The connecting rod ought to be such that it can 

maintain the optimum load with no failing throughout the cycle [1]. Figure 1 shows the parts of a 

connecting rod [2]: the crank end is connected to the crank pin by a shaft. The pin and crank-end 

pinholes located at the top and bottom ends are machined to allow precise installation of bearings. 

These openings need to be identical and parallel. The top end of the connecting rod is attached to the 

piston by the piston pin. As the bottom end of the connecting rod rotates with the crankshaft, the top 

end is compelled to reverse on and forth on the piston pin. The bushing is essential due to the fact that 

of the high stress and temperature levels. The bottom hole in the connecting rod is divided to allow it 

to be secured around the crankshaft. The material is used for the rod is used for the cap which is then 

screwed by two screws [7]. 

 

 
Figure 1. Connecting rod parts. 

 

 In modern engines, the connecting rods are most typically made from steel, however can be 

constructed from lightweight aluminium (for agility as well as the capability to soak up high influence 

at the expenditure of toughness) or titanium (for a mix of stamina as well as agility at the cost of price) 

for high efficiency engines, or of cast iron for applications such as electric motor mobility scooters. 

They are not fixed at both end, to ensure that the angle in between the piston and connecting rod alters 

as the rod goes up and also down as well as turns around the crankshaft. In competing engines, they 

might be called "billet" rods, if they are machined out of a strong billet of steel, instead of being cast 

[8]. It goes through complex loading of high cyclic loads of the order of 108 to 109 cycles, which vary 

from high compressive to high tensile loads due to inertia. Sturdiness of this element is of important 

value [9], [7]. As a result of these aspects, the connecting rod has actually been the subject of study for 

various facets such as manufacturing innovation, materials, efficiency simulation, stress, and so on [6]. 

It is essential for designers to appropriately figure out the stress existing within the connecting rod to 

make certain it will carry out even in worst situation without falling completely. By having the ability 

to design the connecting rod and also establishing the pressures existing on it under all problems, it is 

feasible to make use of programs such as ANSYS to establish the stresses created within it. The 

decrease of weight is very important to make certain that the engine can run securely in greater RPM's 

because of the lowered inertia held within the lighter weight connecting rods. The objective is to 

eliminate as much product while still keeping their toughness as well as stability [2]. 
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1.1. Finite Element Analysis 

The finite element analysis can be mapped back to the job by a Russian-Canadian Alexander 

Pavlovich Hrennikoff (1941) and a German American mathematician Richard Courant (1942). 

Hrennikoff presented the structure approach, in which an aircraft flexible medium was stood for as 

collections of light beams and bars. These leaders share one important feature: mesh discretization of a 

constant domain name right into a collection of distinct sub-domains, normally called Elements [10]. 

Finite element analysis (FEA) has actually ended up being a commonplace over the last few years, and 

also is currently the basis of a multibillion buck market annually. Mathematical solutions to extremely 

difficult stress problems are currently being solved consistently with FEA [11]. The Finite Element 

Method (FEM) is a mathematical strategy to discover approximate options of partial differential 

formulas given that patterns of mostly all physical system can be stood for by these formulas [12], 

[13], [10], [14],. It is a mathematical technique for fixing issues of design as well as mathematical 

physics. It was stemmed from the requirement of fixing complicated flexible as well as architectural 

analysis problems in Civil, Mechanical and also Aerospace design [10], [14].  If the precision 

requirements are not satisfied, the mathematical solution has actually to be duplicated with finer 

solution (meshes) till enough precision is gotten to [15]. Common FEA Applications includes: 

Mechanical/Aerospace/Civil/Automotive Engineering, Structural/Stress Analysis (Static/Dynamic, 

Linear/Nonlinear), Fluid Flow, Heat Transfer, Electromagnetic Fields, Soil Mechanics, Acoustics, 

Biomechanics etc. The growth of FEA for functional design issues started with the introduction of the 

electronic computer system. That is, the significance of FEA for design solutions is a collection of 

algebraic formulas developed to addressed these problem efficiently, by making use of the electronic 

computer system [15], [10]. 

 FEA are commonly utilized in design evaluation, as such we can anticipate this usage to boost 

substantially in the coming years. The steps are used in evaluation of structures as well as solids 

liquids, heat transfers as well as every area of engineering evaluation [15].  Some of the advantages of 

FEA include: Irregular Boundaries, loading, materials types, constraints, element size, modification, 

etc. FEM permits whole layouts to be built, fine-tuned and also optimized prior to design. This 

effective tool has actually substantially enhanced both the requirement of design styles as well as the 

method of the style procedure in numerous commercial applications. Using FEM has actually 

considerably reduced the time needed from idea to the assembly line. One has to take the benefit of the 

development of faster generation computers for the evaluation and design with accurate degree of 

precision [10]. A variety of prominent finite element analysis brand are currently readily available. A 

few of the preferred bundles are STAAD-PRO, GT-STRUDEL, ABAQUS, NASTRAN, NISA as well 

as ANSYS [12] [4] Several of these software program are effective yet intricate indicated for expert 

designers with the training as well as education and learning essential to effectively translate the 

outcomes [10]. With these packages, one can examine a number of complicated structures. 

 The finite element analysis typically includes 3 basic primary steps: pre-processing, solution and 

post processing [11], [12].  In the pre-processing stage, the designer constructs a design of the 

component to be assessed in which the geometry is split right into a variety of distinct sub-regions, or 

"element", linked at distinct points called "nodes". The designer specifies the geometric domain name, 

the element type to be utilized, the material property of the components (product is specified by its 

material constants, every aspect needs to be appointed a specific material), the geometric of the 

components, the element connection (You can define a specific number of components in a details 

location, compel the mesh generator to preserve a certain component dimension), boundary conditions 

and loading.  The dataset prepared by the pre-processor is utilized as input in the solution stage which 

constructs and addresses a system of nonlinear or direct algebraic equations. The solution is derived by 

collecting all defined information such as load application (that include pressure, moment, force, 

rotations) after specifying the entire problem. With the postprocessor software you can visualize the 

outcomes, for instance, the plot form of the geometry deformation or stress values or anxieties using 

advanced regimens made use of for arranging, printing, and also outlining results from a finite element 
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solution. Also, if you favour tabular listings or data hard copies, listing the result is feasible. Figure 2 

summarizes the process of finite element analysis [11], [12]. 

Improve mathematical 

model
Mathematical model

Finite Element solution

Asssesment of accuracy of 

finite element solution

Result interpretation

Design improvement 

(optimization)

Refine analysis

Refine mesh 

solution 

parameters
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Change of 

physical problem

FE Solution of 

mathematical 
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Figure 2: Process of Finite Element Analysis. 

1.2. ANSYS 

ANSYS is the initial (and also generally utilized) name for ANSYS Mechanical or ANSYS Multi-

physics, general-purpose finite element analysis software program. The scholastic variations of these 

business products are referred to as ANSYS Academic Research, ANSYS Academic Teaching 

Advanced, Introductory etc. [16], [17]. ANSYS is a general-purpose finite-element modelling plan for 

numerically addressing a wide range of mechanical problems. [18]. The ANSYS program is an 

effective, multi-purpose evaluation device that can be made use of in a wide array of design 

techniques. Prior to making use of ANSYS to create an FEA design of a physical system, the 

following concerns need to be responded to base upon design judgment and monitoring [17]. 

• What are the goals of this evaluation? 

• Should the whole physical system be designed, or simply a part? 

• How much is information should be consisted of in the design? 

• How fine-tuned should the mesh be? 

 In addressing such concerns, the computational expenditure ought to be stabilized versus the 

precision of the outcomes. The ANSYS program can be utilized in a reliable and also appropriate 

means after thinking about the following: type of problem, time reliance, nonlinearity and modelling 

idealizations. This type of analysis addresses numerous architectural problems such as: Static, modal, 

fatigue transient dynamic analysis, shape optimization, harmonic analysis, eigenvalue buckling, and 

heat transfer analysis [19], [17].  

2. Materials and methodology  

2.1. Modeling of the structure 

The latest advanced computer –aided engineering (CAE) softwares are used in the analysis of 

repetitive computer aided designs. For an in-depth 3D design of a physical structure, the Computer-

aided design CAD is primarily used, which can be use from design process through dynamic and 

strength analysis of structures. With these CAD software, using an integrated graphical user interface, 
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engineering projects are designed modified, optimized, analyzed, and managed. The output from a 

CAD is normally in the form of an electronic file.  

 Some of the major CAD software include: AutoCAD, CATIA, SolidWorks, Pro Engineer (PTC), 

Unigraphics (UGS), I-DEAS (SDRC), BricsCAD and so on. ANSYS provides a two-way connecting 

to most of the CAD with the aim of boosting its efficiency. Before analysis is carried out, the 

connecting rod is either created in a CAD software, saved in an Initial Graphics Exchange 

Specification (IGES) format and then imported into the ANSYS workbench or by designing the 

complete structure in the ANSYS workbench [20], [21], [22]. Most of the revised articles in this paper 

performed analysis on a connecting rod by importing the geometry in an IGES format into the ANSYS 

workbench. In (Shrivastava, 2017), a Hero splendor connecting rod was analysed under static loading 

condition for stress, strain and deformation values. Before the analysis in ANSYS, design of the model 

was done using CRE-O software. The result obtained was compared with that using a different 

material to determine the best material that is needed in the design of a connecting rod. 

 In a paper by Saeed et al [23], using a connecting rod designed in Pro/E software, analysis with 

three different materials, starting from forge steel, followed by Aluminium and then finally replaced 

with carbon fibre was done in order to reduce the total weight of the connecting rod. A bike was used 

to test in an ideal condition the maximum capacity of the connecting rods with the gears varied at 

regular interval of speed and time. Also, a piston, crankshaft and connecting rod was further 

assembled and analysed. Figure 3 gives a pictorial representation of the CAD software used in the 3D 

design of the connecting rod in the revised literatures.  

 

 
Figure 3. Connecting rod modelling software. 

2.2. Material property definition  

Material properties are defined based on the type of simulation analysis to be performed. For an 

efficient and qualitative analysis of material, the material properties need to be correctly and carefully 

entered. These materials which can be either linear or nonlinear, isotropic or orthotropic, constant or 

temperature dependent needs to be defined correctly. Depending on the aim of the analysis, some 

mechanical properties such as density, strength and coefficient of thermal expansion definition is 

optional [24]. Knowing and declaring the correct value of the material property is very useful for 

design analysis purpose. The different types of material indicated by different density will show 

different analysis result outcome as well.  

 The Young's modulus of a material alternatively called modulus of elasticity is a numerical 

constant that describes the elasticity and measures the capability of a solid to withstand changes when 

subjected to tension or compression in a certain direction. The higher Young's modulus, the stiffer (i.e. 

how it deflects under load) is the material which will require a much higher amount of load to deform. 

Poisson’s ration which is the ratio of compression to the expansion of material together with Young's 

modulus (ratio of stress to strain) defines the strength and nature of how a material structure deforms 

based on a particular constraint.  Material deformation to due uniform volume and opposing forces are 

described by the bulk and shear modulus respectively Two other essential properties that determine 
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when the material losses its elastic behaviour and the maximum stress a material can undergo are the 

yields and tensile strength respectively [25] 

 Analysis of a connecting rod in ANSYS 15.0 software was performed and presented in [26] to 

analyse its stress, strain and deformation using aluminium alloys 7068 T6, T6511and steel material. 

The obtained analysis result shows that aluminium alloys is stiffer with less stress value, weight and 

higher factor of safety when compared to the forged steel material connecting rod. The structural 

design of the connecting rod is performed in SolidWorks software based on the theoretical calculations 

done. Kuldeep B. et al [27] also performs similar analysis on a connecting rod using the same two 

materials (AL360 and ALFASIC composite). The displacement, stress and strain values using each of 

the materials were obtained and compared. Using the later composite, a lighter and stiffer optimized 

connecting rod was found with a reduction in weight and displacement of 43.48 and 75% respectively.  

Analysis in ANSYS software on five different materials (aluminium 360, forged steel, titanium alloy, 

ti-13v-11cr-3al, magnesium alloy, beryllium (alloy 25) was studied and presented in [1]. The 

deformation, stress, and strain values were determined after the replacement of the structure material 

with each of the material type. The minimum stress was found to occur at the piston and crank end 

respectively. Comparison of the different materials results reduces the inertia force as the weight is 

reduced. In [6], using four different materials (Aluminium 2024 T6, aluminium 7075 T6, Carbon steel 

CrMo4, and TI-6AI-7V) in ANSYS 15 software, Structural and fatigue analysis was done to estimate 

the deformation and strength of a connecting rod. The connecting rod design and modelling was done 

in SolidWorks 15 software. Analysis was carried out. The analysis result obtained shows titanium 

alloy with the highest factor of safety and minimum deformation value, making it the best material for 

the production of connecting rod. 

 In [28], strength analysis on a connecting rod using different materials (structural steel, aluminium 

alloy, titanium, and Magnesium alloy) was performed and presented. The deformation, stress, strain 

and factor of safety where analysed and compared. Structural steel material proved to be more durable 

when compared to the other materials. Savanoor et al [29] present an analysis on an IC connecting rod 

by comparing the result obtained using two different materials (aluminium alloy and forged steel). 

Aluminium alloy was found to be the best material having a lesser weight with a reduction of about 

63.18% in weight. After changing an 180cc engine connecting rod of material Al360 to a reinforced 

composite of silicon carbide and fly ash (Alfasic composite) material, analysis using ANSYS 

workbench was performed by Nikhil et al [30] The simulation result shows weight reduction from the 

changing of the material of about 39.48% with a stiffer structure.  

 Analysis of a connecting rod using different materials have been carried out and presented by 

these researchers. From the analysis result presented in each case when compared with the different 

materials, a coherent argument on the loading and type of materials used have been made. We analyse 

a connecting rod for its strength and deformation in ANSYS software under the constraints and 

loading with different materials. Figure 4 shows a graphical comparison of the Von-Mises stress and 

deformation result of the various materials obtained. The best material choice for the connecting rod as 

stated in proves to be structural steel having a lower deformation value followed by titanium, 

aluminium and then magnesium alloy. A graphical chart of the material type used in the revised 

literatures is shown in figure 5. 
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Figure 4. Materials stress-deformation comparison. 

 
Figure 5. Type of materials. 

 

2.3. Load application 

Establishing boundary condition is an important factor to consider in FEA. The first key action 

required prior to the start of an analysis is the setting of boundary conditions [31]. Constraints that 

include fixed support, forces, and pressure applied to the model after meshing process are embedded 

in a way that adapt to the practical real life situation, which is an important and main action needed in 

analysis [20]. The deformation, fatigue, stress and strain values of the connecting rod are based on an 

acceptable design constraint using either linear or non-linear static analysis.  

 The static and dynamic analysis using ANSYS software of connecting rod using different materials 

(aluminium and titanium alloys) was done and presented in [32]. The deformation, stress, and strain 

values under a loading condition of 16Mpa was determined for the static structural analysis which 

shows Titanium allow with the less deformation value. Dynamic analysis for each material with 

different modal frequencies was also done and tabulated. From the revised literatures, the boundary 

conditions on the connecting rod include supports and loads (external force and pressures) as shown in 

figure 6, the connecting rod small end is subjected to the loading while the big end is fixed. 
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Figure 6. Boundary condition. 

 

3. Strength analysis  

As a result of the unforeseen failing of design structures, analysis comes to be really considerable to 

identify the safety of these structures. Such failures over a details period of time leads to the 

unexpected collapse of the structure. A designer makes uses of Von-misses stress evaluation to 

establish the failure pattern of the structure.  When the maximum stress value is more than the material 

strength, then failure will occur [25]. Von Mises-Hencky distortion energy theory is one of the criteria 

used by designers to predict the failure of structures, Von-Mises stress is ideally used for ductile 

materials [33]. 

 Failure of connecting rod is attributed to the in availability of much strength needed to hold the 

load. This can be overcome with the life cycle extended by increasing the strength. Static analysis of 

the stress that emerged in a connecting rod was carried out and presented in [2]. The CAD design of 

the connecting rod was done in a Pro-E 2.0 software. The analysis under static loading of 4319N (a 

function of crank angle) at the piston end with the crank end restrained was performed using ANSYS 

software. Using a tetrahedral meshing with 18921 and 31237 umber of element and nodes, simulation 

was performed. Initially, the maximum loading force was assumed to be at the power stroke top dead 

center. The maximum and minimum values of the Elastic strain, Von-misses and shear stress was also 

noted. In [34], Finite element analysis simulation was conducted to determine the cause of failure of a 

motor cycle connecting rod. the simulation in ANSYS software was used to validate the inspected 

surface failure and strength. Results obtained shows that the fatigue loading cracks was as a result of 

the existence of scale build-up inclusions Further design improvement and future failure avoidance 

were also predicted from the simulation results.  

 Omid et al [35] present a continuum mechanic method for fatigue analysis of a connecting rod of a 

universal tractor (U650). Using a connecting rod of steel alloy material subjected to a fully reversed 

maximum loading of 9500N with a 10-node tetrahedral mesh size was analysed for stress value. Result 

obtained shows the shank end and piston pin area as the critical stressed points. The authors further 

conclude that reducing the stress coefficient concentration, the fatigue life of the connecting rod can be 

further improved. In another research study by Puran et al [36], the calculation of the toughness as 

well as distortion attributes of a connecting rod was attend to. Furthermore, the finite element analysis 

was done using ANSYS to calculate the fatigue and deformation arising in the connecting rod under 

the loading condition. Architectural systems of connecting rod can be evaluated utilizing Finite 

Element Methods. In a paper by Ranjbarkohan et al [37], FEM method was also used in ANSYS 

workbench to perform analysis of a samand engine connecting rod for fatigue failure. The connecting 

rod was subjected to a maximum tensile and compressive load condition to evaluate the critical failing 

points.in order to improve the strength and life of the connecting rod, further optimization was also 

performed. Experimental data form Iram Khodo’s lab was used with MSc. ADAMS software on a 
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C70S6 steel connecting rod material was used under four different speed (1000, 3000, 4500, and 

6000PRM). Analysis result obtained shows a maximum stress (297.361Mpa) occurring at the pin end. 

 The design and analysis of an internal combustion engine connecting rod was done and presented 

in [8]. the analysis was perform using FEM to determine the deformation, strain and stresses that result 

in the connecting rod when subjected to the loading condition (pressure during combustion). The 

connecting rod is designed and modelled using SolidWorks software and analysed using ANSYS 

workbench with AISI 4340 steel material under an axial force of 32517N. In [38], FEM was used to 

analyse a connecting rod for high Cycle Fatigue Strength using C70S6 material. Six different loading 

cases were considered and then considered one more combination of two loading cases.  The stress 

values and factor of safety are the factors considered during the analysis which gives a different 

pattern as the different load case were used. 

 Anusha et al [39] and [40] also presents an analysis on a single cylinder four stroke engine in 

ANYS for the stress, shear and strain values under certain loading conditions. In [41], the design 

examination of a Hero Honda Motor Cycle connecting rod using Finite Element Analysis for fatigue 

life was carried out and presented. To start with, a correct Finite Element Model is established making 

use of Cad software program CATIA and then analysis is done to identify the stress and deformation 

of the connecting rod under the given loading conditions. The structural strength of the connecting rod 

was further confirmed with a Universal Testing Machine (UTM) for tensile loading. Dilip in his paper 

[42] provides the solution of real-time problem in the engine of DI tractor of Mahindra & Mahindra by 

utilizing the CAD and analysis methods. The design of the elements of engine is done with 

measurements set up those parts and afterwards simulate the entire system up for every turning of the 

crank.  This will certainly provide the specific area and cause of fouling. The design modelling was 

done using PRO-E wildfire 4.0 for modelling the engine elements while analysis software ANSYS is 

utilized to assess as well as imitate the entire setting up.  Results obtained by the presented study was 

further analysed. Under the same loading and design constraint, analysis for stress, deformation, strain 

and safety factor was done and the result shown in figure 7. 

 

 

Figure 7. Strength analysis result. 
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4. Design optimization 

Traditionally, when failure occurs in an engineering structure, to redesign the structure, a trial and 

error are done until a benchmark is reached. This trial and error approach is time-consuming and 

inefficient. Recently, numerical optimisation techniques are used to balance such trade-offs. From the 

reviewed literatures, structural optimisation via simulation in ANSYS workbench is used. To achieve 

an excellent material distribution with effective design, the parts that add least or nothing to the load 

bearing are identified and removed for weight reduction [25]. 

 Yuanchun [43] performs dynamic analysis and optimization of an engine connecting rod to 

determine the stress distribution. Transient analysis was used to find the maximum stress value which 

occurs during the working stage of the engine. A static load generated from dynamic loading using the 

method of equivalent static load to optimized the analysis. Figure 8 shows the equivalent static load 

method used for the optimization process. Pro/MECHANICA coupled with ANSYS helps not only 

just only to gets over the negative aspect that it is tough to construct complex design in ANSYS but 

also takes complete benefit of excellent graphics drive innovation in Pro/E which sustains the 

manageability as well as the operability of user interface. Xianjun et al [44] present a local and global 

sensitivity analysis of a LJ276M connecting rod with the application of Pro/Mechanical software. 

Optimization in ANSYS of the structures design parameters (D, L, h) was also done and comparison 

in terms of the deformation, safety coefficient, mass and stress values before and after the optimization 

process was carried out.  The optimization results show a reduction of 4.9% in the stress value with an 

increase of 1.7 and 5.4% in deformation and safety value respectively.  Su et al [45] present another 

analysis on a connecting rod to ascertain its failure at the big end by taking the big end radius as the 

design variable. The stress value being higher at the big end than the small end under the compression 

load condition Further optimization of the corner radius was performed after the evaluation of the 

stress distribution at the area. 

 The Optimization accomplished in evaluation offers deep understanding by thinking about optimal 

criterion for recommendation of alteration in the existing connecting rod. Pranav et al [46] performs 

stress analysis on a connecting rod and further optimize the structure taking the fatigue stress as the 

design factor using ANSYS in order to reduce the weight. Result achieve shows about 20% weight 

reduction under static loading. Prakash et al [47] performs buckling analysis on a connecting rod by 

changing its cross sectional area under different loading condition. Using this approach, the authors 

were able to move the stress region to the middle from the smaller area. Hence, the connecting rod 

have been optimized by improving its shape.  

 Ramani et al [7] analysed the stress arising during the compression of a connecting rod, he presents 

an optimized connecting rod by performing the weight reduction analysis using ANSYS workbench 

on a steel material connecting rod. Simulation result of the stress analysis at some certain points was 

shown and the structure was further optimized to a lighter weight (approx. 15%) to minimizes space 

and material.  FEA was also used to carry out fatigue analysis and optimization of a connecting rod 

using a forged steel material by Pushpendra et al [48]. Under static tensile loading, the life, 

deformation, Factor of safety, Stress, and Fatigue sensitivity were observed from the analysis result 

obtained using ANSYS workbench. furthermore, based on these factors, optimization was done. A 

final conclusion was drawn by the authors that using a C-70 material in place of the forged steel could 

further reduced the weight of the connecting rod by 20%.  
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Figure 8. Optimization process [43]. 

 

 Muhammad et al [49], [50] present a topology and structural optimization of a diesel engine 

connection rod. In order to determine the mass needed to be eliminated, Optimization is carried out 

with target weight reduction of 20%, 30%, 40%, 50%, and 60% under a static loading of 100N. 

Furthermore, comparison in the deformation, stress, strain and factor of safety under the same loading 

condition was compared before and after a 60% target weight reduction and structural optimization. 

The authors finally conclude that ANSYS software can be employed by production companies to 

minimize material wastages and maximize profits at the same time maintaining product quality and 

reliability. Santhosh et al [51] uses a Bajaj Pulsar 150c.c engine to perform weight reduction analysis 

on a connecting rod. The analysis is conducted in two different situations. First, multi body dynamic 

analysis and fatigue failure and stress were determined under static loading condition. Then, 

optimization was done to determine the weight reduction using various load by elliptical cut out I-

section in the connecting rod. Yogesh et al [52] presents a fatigue analysis of a connecting rod using 

ANSYS. Stresses at various point on the connecting rod was determined to ascertain which part is 

more susceptible to failure that needs extra hardening treatments. Furthermore, optimization was 

conducted for a weight reduction of 20%. 

 Design and analysis of a connecting rod in CREO 3.0 and ANSYS software was presented in [53]. 

The deformation, fatigue life, factor o safety, stress and stress values were evaluated to the determine 

the weak areas in the structure while considering the variations in design and weight.  Shaik et al [54] 

performs analysis on a connecting rod of Ashok Leyland Bharat Stage –II engine was optimized for 

weight and cost reduction under both static and cyclic dynamic compressive tensile load subjected at 

its two extreme ends. Mathematical modelling calculations was also provide before performing the 
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analysis.  Ran et al [55] also present static analysis and weight optimization (13%) of a connecting rod 

considering alloy steel material. 

 Optimization of connecting rod have been done using various weight target. From the revised 

articles, using ANSYS under similar loading condition, optimization for a target reduction in weight of 

15, 20, 30, 40 50 And 60% was done to ascertain the available optimal design as shown in figure 9 and 

10, respectively. Summary of finding reported by literature is shown in table 1. 

 

 

Figure 9. Shape optimization. 

 
Figure 10. Mass comparison. 
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Table 1. Comparison of the reviewed articles. 

 
Author Modelling 

software 
Material Loading 

point 
No.of 
Element/nodes 

Result 

[30] Pro/E Carbon steel Piston 
end 

18921/31237 Shear Stress, Von Mises Stress, Elastic 
Strain, Elastic Deformation 

[6] Solidworks 2024-T6, 7075-T6, 43CrMo4, 
Ti-6Al-7v 

Piston 
end 

11628/20929 Deformation, stress, mass, safety factor 

[34] 3D scan laser 

camera 

NA Small end NA Von-mises stress distribution 

[1] SolidWorks Aluminum, carbon fiber, 

Magnesium, Titanium and 

Beryllium alloy 

Small end NA Strain, stress, total deformation and 

factor of safety 

[8] SolidWorks AISI 3430 steel Small end 214835/343779 Von Mises stress, elastic strain, shear 

stress, Total deformation 

[43] NA Steel Small end  NA Maximum stress 

[7] Pro-E Steel Big end 179355/304977 Stress and strain 

[30] NA Al360, ALFASiC Small end NA von misses stress and displacement 

[27] NA Al360, ALFASiC Small end 187/117439 von misses stress and displacement 

[52] Pro/E NA Small end NA Fatigue life, damage, factor of safety, 

stress biaxiality, fatigue sensitivity 
[44] Pro/MECHANICA 40Cr Small end NA/22536 Displacement and stress 

[26] SolidWorks Aluminum Alloy and Forged 

Steel 

NA NA Von misses Stress and strain, 

Deformation, Factor of safety and 

weight reduction 
[45] CATIA AISI 4140 Steel NA NA Stress and strain 

[36] SolidWorks Structural steel  Small and 
big end 

413465/ 511298 Maximum stress 

[53] PTC CREO 3.0 Al 7075 NA NA Deformation and Stress and safety factor 

[32] SolidWorks aluminum alloy, 42CrMo4, 

Titanium Alloy, Al Metal 

Matrix 

Small end 16190/8821 stress, deformation, strain, and 

maximum shear stress 

[26] Pro/E aluminum 6061, 7075, 

2014,carbon fiber 280 gsm 

bidirectional 

NA NA Displacement, Stress, Strain and 

Ultimate tensile strength 

[46] Pro/E  Forged Steel NA NA fatigue life, damage, factor of safety, 

stress biaxiality, fatigue sensitivity 

[42] Pro/E NA Big end NA Von-mises stress distribution 

[40] NA 45 steel Small end 118143/NA Stress, safety factor and fatigue life 

[54] Pro/E Forged steel Small end NA Stress and deformation 

[35] NA Steel alloy Small end NA Deformation, stress, factor of safety. 

[37] MSc. ADAMS C70S6 steel Piston 

end 

92/NA Tensile stress and factor of safety 

[48] Pro/E Forged steel, C-70 Small end NA Total deformation, Fatigue life, damage, 

Factor of safety, Stress biaxiality, strain, 

and Fatigue sensitivity 
[47] CATIA Forged steel Both end 8541/ 4298 Equivalent stress 

[41] CRE-O Steel Small end  NA stress, strain and deformation values 

[50] Solidworks Steel Small end NA deformation, Von-misses stress, elastic 

strain and safety factor 
[29] NA Forged steel, aluminium5083 

alloy 

Piston 

end  

NA Deformation and stress 

[51] CATIA V R20 Carbon steel Small end 389061/262888 Von misses stresses, frequencies with 
respect to modes; total deformation, 

buckling analysis, MBD analysis 

[39] Pro/E Cast iron Small end 8373/ 16076 von-misses stresses shear stress and 
strains 

[55] SolidWorks Alloy steel Both 43367/ 67038 maximum Von-Misses stresses 

[28] SolidWorks structural steel, aluminium 

alloy, titanium, and 

Magnesium alloy 

Small end 18097/10404 deformation, Von-misses stress, elastic 

strain and safety factor 

5. Conclusion  

An important piece that makes an engine to function properly is the connecting rod. It is the 

“backbone” of an engine. Analysis of a connecting rod have been carried out and presented by 
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different researchers. This article provides a comprehensive study by reviewing some of the vital 

contributions made to an engine connecting rod from strength analysis to design optimization.  

The strength analysis result presented evaluates the tolerance of the connecting rod under certain 

loading conditions and design constraints with different materials.  Optimization of the structure for a 

target ratio to remove the unwanted portions, which have no use on the structure, have helped in 

reducing the weight of the connecting rod. Hence, it can be concluded that ANSYS software can be 

employed by production companies to minimize cost while maintaining quality. Finally, from the 

revised literatures, we can suggest that in designing an engine connecting rod:  

 The material used in the design of the connecting rod should have high strength value with 

reduced weight due to the demands for a stronger connecting rod 

 The characteristics of a H- and I-beam rod can be utilized together in order to achieve the prior 

suggestion 

 The material used in its manufacture should be light without compromising its strength. This 

can be achieved by using a hybrid of two materials in order to intensify their strength and 

eliminate their weakness 
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