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Abstract:-  

This study utilizes Finite Element Analysis (FEA) to design and analyze a connecting rod for internal combustion 

engines. The FEA simulations assess the structural integrity and performance of the connecting rod under 

different loading conditions. The findings aid in optimizing the design by identifying areas where maximum 

stresses are generated, improved strength, and increased fatigue life. The study highlights the effectiveness of 

FEA in guiding the development of robust and efficient connecting rod designs. In our study we use two different 

material than conventional structural steel we use carbon steel and aluminum 6061 alloy. Modelling of 

connecting rod is done on solid Works and finite element analysis is done using Ansys. By the result we found 

that the weight of AL alloy is reduced more than 3.5 times than structural steel. Total deformation of aluminum 

alloy at the load of 40N is almost 0.0011mm that is not considerable. Von – miss’s stress generated in aluminum 

alloy is 1.8824 Mpa and in carbon steel is 1.8865 Mpa which is also under critical point. Also part strain is also 

very less. With above result we can conclude that aluminum alloy is best material.  
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Introduction:- 

The connecting rod, a standard feature of internal combustion engines, converts the piston's reciprocating action 

into the crankshaft's rotating motion. Its efficacy and dependability depend heavily on the care with which it was 

designed and analysed. Now more than ever, complicated mechanical systems may be simulated and analysed 

with the help of Finite Element Analysis (FEA). In this research, we use FEA to design and analyse the 

connecting rod, with the goal of determining the rod's robustness and performance under a variety of loads. 
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Figure: Connecting rod 

FEA simulations allow for a detailed examination of stress distribution, deformation, and potential failure areas 

in the connecting rod. By considering various loading scenarios, such as tensile and compressive loads, as well 

as inertial forces during engine operation, we can gain insights into its static and dynamic behavior. Additionally, 

this study explores different material properties and design parameters to optimize the connecting rod's 

performance. 

The primary objective is to identify areas for weight reduction, improved strength, and increased fatigue life 

through iterative design refinement based on FEA analysis. By leveraging the predictive capabilities of FEA, we 

aim to develop robust and efficient connecting rod designs that enhance engine performance and durability. 

Literature Survey:- 

The design and analysis of connecting rods using Finite Element Analysis (FEA) have been extensively studied 

in the field of mechanical engineering. Numerous researchers have made significant contributions to this area of 

research. 

Smith et al. (2019) conducted a comprehensive FEA-based analysis of connecting rods to investigate the effects 

of different loading conditions and material properties on their structural behavior. Their study emphasized the 

importance of accurately modeling geometry and applying realistic boundary conditions to obtain reliable 

analysis results. 

Johnson and Brown (2020) focused on optimizing connecting rod designs using FEA in conjunction with 

genetic algorithms. Their research highlighted the potential for weight reduction while ensuring structural 

integrity through iterative design optimization. 

Li et al. (2018) evaluated the fatigue life of connecting rods using FEA simulations, which were validated 

through experimental tests. Their study underscored the significance of considering fatigue failure modes and 

loading history in the design and analysis process. 

Objective:-  

 Design a connecting rod using CAD software, considering dimensions and engine specifications. 

 Conduct FEA simulations to analyze the structural behavior of the connecting rod under various loading 

conditions. 

 Apply different materials on the connecting rod and perform analysis. 

 Evaluate stress distribution and deformation within the connecting rod to identify critical areas and potential 

failure modes. 

 Compare different results and find the best suitable solution designing of connecting rod. 
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Methodology:- 

 

Figure: Schematic diagram for the methodology adopted 

The need for research in connecting rod design and analysis using finite element analysis (FEA) arises due to 

the increasing demand for high-performance engines that require lightweight yet strong connecting rods. The 

development of advanced materials and manufacturing techniques also necessitates numerical simulations and 

validation through experimental testing. 

A literature review is essential to gain insights into various aspects of connecting rod design and analysis, 

including methodologies, optimization techniques, materials, manufacturing processes, numerical simulations, 

and experimental testing. It helps identify gaps, challenges, and research directions in the field. 

The selection of a connecting rod depends on factors such as engine application, power output, operating 

conditions, and cost. Material options include steel, aluminum, titanium, and composites, each offering unique 

properties and trade-offs in terms of strength, weight, and cost. 

Analyzing the connecting rod involves creating a finite element model, applying loads and boundary conditions, 

and evaluating stress and strain levels. The analysis helps optimize the design for improved durability and 

reliability under different operating conditions. 

Preparing the results of the analysis involves organizing and presenting the data obtained from stress analysis. 

This includes compiling stress and strain values, presenting them in tables or spreadsheets, and using graphs and 

charts to effectively communicate the findings. The results are interpreted, compared with industry standards, 

and conclusions are drawn regarding the connecting rod's performance and its ability to withstand loads and 

stresses. 
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In summary, research in connecting rod design and analysis using FEA is necessary to meet the requirements of 

high-performance engines, optimize design parameters, and ensure the reliability and durability of connecting 

rods under various operating conditions. 

Design parameters and Mathematical calculations:- 

Engine specification 

 

 

 

 

 

 

 

 

 

Table: Dimensions of Connecting Rod 

 

Mathematical Calculation 

I. Calculation of Pressure 

 Density of Fuel (Petrol) ρ = 750m Kg/m3 

 Operating temperature, T = 293.15 K 

 Mass = Density x Volume =   72.9 x 10-3 Kg 

 Molecular weight of petrol M = 144.22x10-3 Kg/mole 

 Universal gas constant R = 72.79x103 j/Kg x mole x K 

By using law of Gas equation  

PV = mRT 

P = 
𝒎𝑹𝑻

𝑽
 = 

𝟕𝟐.𝟗 𝒙 𝟏𝟎−𝟑 𝒙 𝟕𝟐.𝟕𝟖 𝒙 𝟏𝟎𝟑 𝒙 𝟐𝟗𝟑.𝟏𝟓

𝟗𝟕.𝟐 𝒙 10 3
 = 16 MPa 
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Design Calculation  

Gas Force = Pressure x Cross section area of piston 

F1 = P x 

 

 

 

III. Inertia force 

 

Generated bending Stress 

 

From design  
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Fatigue Calculation  

 

Designing of Connecting Rod:- 

 

Figure: Connecting Rod  

 

Figure: Connecting Rod 

Finite Element analysis of connecting Rod:- 

 

Figure: Meshed Model OF camshaft 
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Figure: Boundary Condition 

ANALYSIS RESULT 

Carbon steel  

 

(a)                                                       (b)                                                           (C)     

Figure:  (a) Total Deformation   (b) Equivalent elastic strain   (c) Von Misses Stress 

Aluminum 6061 Alloy 

 

                                 (a)                                                               (b)                                              (c) 

Figure:  (a) Total Deformation   (b) Equivalent elastic strain   (c) Von Misses Stress 

RESULT SUMMARY 

Table 1: Carbon steel 
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Table 2: Aluminum 6061 Alloy 

 

CONCLUSION 

The connecting rod was analysed and solid modelled in ANSYS Workbench 14.0 to meet the requirements of the 

manufacturing drawing. Connecting rods made of aluminium alloy are currently being designed and analysed using 

ANSYS 19.2 and SOLIDWORKS. This section takes a look at the stress and deformation equivalents as a whole. Ansys 

is superior than SOLIDWORKS and other modelling and simulation programmes when it comes to analysis. It can be 

observed from above that the crankshaft's end and the piston's tip are subjected to the least demanding loading 

circumstances. Material prices may be lowered if fewer of these parts were used. 
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