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Abstract— Composite materials are now a day widely used in the engineering field. The general characteristics 

possessed by the composite materials are found to be the reason for using it in the automotive applications. The 

connecting rod is a major link inside of combustion engine. It connects the piston] to the crankshaft and is responsible 

for transferring power from the piston to the crankshaft. It must work on high r.p.m. because of which it has to bear 

severe stresses which make its design vital for internal combustion engine, so that’s why we are using composite 

material for testing is carbon fibre. In this project, design, analysis of the 2-wheeler connecting rod will be performed. 

The CATIA V5 R20 software has been used for designing the connecting rod 3D model and then the designed 

connecting rod model is imported into the ANSYS software in which the design is meshed and analysed by using the 

Finite Element Method (FEM) and the result is manipulated.  

Modal analysis of existing and composite connecting rod will be performed.  

 

Keywords— Connecting rod, Composite material, Carbon fibre, vibration, natural frequency, FFT analyser, impact 
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I. INTRODUCTION 

 

The connecting rod is the intermediate member between the piston and the Crankshaft. In a reciprocating engine, the connecting 

rod connects the piston to the crank or crankshaft. Together with they form a simple mechanism that converts reciprocating motion 

into rotating motion. As a connecting rod is rigid, it may transmit either a push or a pull and so the rod may rotate the crank through 

both halves of a revolution. Generally connecting rods are manufactured using carbon steel and in recent days aluminium alloys are 

finding its application in manufacturing of connecting rod. The connecting rod primarily undergoes tensile and compressive loading 

under engine cyclic process. The forces acting on connecting rod are forces due to maximum combustion pressure and force due to 

inertia of connecting rod and reciprocating mass. The connecting rod is very hard and strong but sometimes deforms and breaks 

due to vibration. The determination the natural frequency of components is essential to prevent the resonance phenomenon. Identify 

the critical velocity of connecting rod for the resonance frequency range is essential. Vibration is a mechanical phenomenon 

whereby oscillations occur about an equilibrium point. The oscillations may be periodic, such as the motion of a pendulum—or 

random, such as the movement of a tire on a gravel road. There are generally two categories for the vibrations the free vibrations 

and forced vibrations, free vibrations occur when the system is under the action of oscillating systems and their inherent forces 

external forces there are controversial. All systems that have mass and elasticity can be whit free vibrations, the vibrations that 

occur in the absence of external stimulus. Vibrations that occur under controversial foreign forces are called forced vibrations, 

when the controversial operating system is oscillating with frequency, oscillation can be controversial if the impulse frequency of 

the system natural frequency is resonance mode occurs and may be dangerous, there are large fluctuations. Natural frequency is the 

frequency at which a system tends to oscillate in the absence of any driving or damping force. Free vibrations of an elastic body 

are called natural vibrations and occur at a frequency called the natural frequency. Natural vibrations are different from forced 

vibrations which happen at frequency of applied force (forced frequency). If forced frequency is equal to the natural frequency, the 

amplitude of vibration increases. 

AIM: 

• To determine the natural frequency of existing and composite connecting rod. 

• To explore weight & cost reduction. 

PROBLEM STATEMENT: 

 

Material Optimization of the component is to make the less time to produce the product that is stronger, lighter and less cost. The 

design and weight of the connecting rod influence performance. Hence, it is effect on the manufacture credibility. The tensile and 

compressive stresses are produced due to pressure, and bending stresses are produced due to centrifugal effect & eccentricity. So, 

the connecting rods are designed generally of I- section to provide maximum rigidity with minimum weight. Changes in the structural 

design and also material will be significant increments in weight and performance.   
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Objectives Of Project: 

• The main aim of the project is to determine the natural frequency of existing and composite connecting rods. 

• In this Project, the static and modal FEA of the connecting rod has been performed by the use of the ANSYS software. 

• Natural frequency of optimized connecting rod is validated by using FFT analyzer and impact hammer test. 

• Comparative analysis between FEA & Experimental results. 

 

Scope of Project: 

 

Further changes in the design of connecting rod can be made like selecting any other section other than the I-section. Further analysis 

is possible by choosing different materials for the connecting rod. Analysis of weight reduction and cost analysis can be done. 

Maximum stress concentration at the fillet of crank and piston end can be reduced by adding or removing material from the 

connecting rod. Chamfering of sharp boundaries of connecting rod also helps in reducing the stress level and increases strength of 

the connecting rod. Dynamic analysis of connecting rod can be done and other factors of failure can be considered. 

 

II. RELEATED WORK 

 

[1] In their study, H. Hanselmann etal, have investigated the failure modes of gas metal arc welds in single lap-shear specimens of 

high strength low alloy (HSLA) steel. Notched lap-shear specimens of gas metal arc welds were made. Quasi-static test results 

showed two failure locations for the welds. The specimens cut from coupons with shorter weld lengths failed near the weld root 

whereas the specimens cut from coupons with longer weld lengths failed near the weld toe. Scanning electron and optical microscope 

images of the failure surfaces and cross sections showed that the gas metal arc welds failed in a ductile necking/shear failure mode. 

Micro-hardness tests were conducted to provide an assessment of the mechanical properties of the base metal, the heat affected zone, 

and the weld metal. In order to understand the failure modes of these welds, finite element models were developed with the 

geometric characteristics of the heat affected zones designed to match the micrographs of the cross sections for the long and short 

welds. Three- dimensional finite element analyses were conducted with consideration of micro void nucleation and growth. The 

distributions of the void volume fraction near the welds shown from the finite element analyses are consistent with the failure modes 

observed in the experiments. Further finite element analyses were conducted in order to understand the effects of the geometric 

characteristics of the heat affected zone. The results showed that the geometric characteristics of the heat affected zone have a 

negligible effect on the load- displacement results; however, the geometric characteristics of the heat affected zone are key factors 

for the resulting failure location. Finally, finite element analyses were conducted in order to understand the effects of the weld 

metal geometry. The results indicate that the weld penetration and the weld toe angle have negligible effects on the load- displacement 

response, the peak load, and the predicted failure locations. R. Isermann etal.  
[2] in their paper analyse the structural integrity of structural tubular towers (i.e., towers of wind turbines and floodlight towers) 

with lack of penetration defects on their circumferential butt welds. The methodology presented is particularised to the analysis of 

the lack of penetration defects detected in certain sections of several wind towers after the construction process. It is also analysed 

how such defects affect the fitness for service of the towers during their theoretical lifespan (20 years). The methodology (based 

on the use of Failure Assessment Diagrams, FAD) can easily be extrapolated too the assessment of other types of defects 

or towers. Its main hypotheses consist of establishing that the defects behave as internal cracks with certain geometries and also that 

fracture and fatigue are the key processes affecting the structural integrity of the towers. Then, the resulting allowable crack size, 

corresponding to the lifespan of the tower, for the different sections analyzed and for the different crack geometries considered is 

determined. Jochen Schaffnit etal.  

[3] have discussed a methodology for understanding the relationships between process parameters and the bead area geometry are 

presented. The objective of the first part of this study is to find the optimal bead area geometry in the Gas Metal Arc Welding 

(GMAW) process. A radial basis function (RBF) neural network is used for the prediction of the cross-sectional area of the welding 

bead using a three-level factorial design of experiments for the training of the neural network. Ki-Chang Lee etal. 

 [4] have thrown light on gas metal arc welding (DE-GMAW) process in which a second electrode, non-consumable, or consumable, 

is added to bypass part of the wire current. The bypass current reduces the heat input in non- consumable DE-GMAW or increases 

the deposition rate in consumable DE-GMAW. The fixed correlation of the heat input with the deposition in conventional GMAW 

and its variants is thus changed and becomes controllable. At the University of Kentucky, DE- GMAW has been tested/developed 

by adding a plasma arc welding torch, a GTAW (gas tungsten arc welding) torch, a pair of GTAW torches, and a GMAW torch. 

Steels and aluminium alloys are welded, and the system is powered by one or multiple power supplies with appropriate control 

methods. The metal transfer has been studied at the University of Kentucky and Shandong University resulting in the desirable 

spray transfer be obtained with less than 100 A base current for 1.2 mm diameter steel wire. At Lanzhou University of Technology, 

pulsed DE-GMAW has been successfully developed to join aluminium/magnesium to steel. At the Adaptive Intelligent Systems 

LLC, DE-GMAW principle has been applied to the submerged arc welding (SAW) and the embedded control systems needed for 

industrial applications have been developed. The DE-SAW resulted in 1/3 reduction in heat input for a shipbuilding application and 

the weld penetration depth was successfully feedback controlled. In addition, the bypass concept is extended to the GTAW resulting 

in the arcing-wire GTAW which adds a second arc established between the tungsten and filler to the existing gas tungsten arc. The 

DE-GMAW is extended to double-electrode arc welding (DE-AW) where the main electrode may not necessarily.  
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III. KEY CONCEPT 

• Review of literature shows that many authors have reported the design to find best configuration of the Connecting rod in 

terms        of the geometry and they also study on modification of geometry and strength to withstand sudden change in stress 

while in operating. 

• Analysis is done to check the effect of variable design parameter with some boundary condition. 

• Also, finding the effective design which will reduce the weight of structure without compromising on strength. 

• Therefore, it is important to determine the factors like stresses, deformation, force etc. which influences the failure, finding 

the alternate design. New design must be able to withstand all of the loads it is going to undertake. 

 

IV. METHODOLOGY                            

Literature Survey: 

Using the knowledge from literature review, we can know how the CAD model is to be prepared. The conditions required for 

applying various constraints and how the loads are applied is briefed about in the technical papers referred. 

 

CAD Model Generation 

•     Getting input data on dimensions of connecting rod. 

•     Creating 3D model in CATIA. 

 

 

Determination of loads: 

Determination of different loads and boundary condition acting on the component by studying various ref papers, and different 

resources available. 

 

Testing and Analysis 

•      Meshing the CAD model and applying the boundary conditions. 

•      Solve for the solution of meshed model using ANSYS. 

 

Re-Design, Analysis and Results 

• Making changes in CAD model for optimization. 

• Carrying different iteration by removing material or changing topology based on ANSYS results. 

• Check the maximum stress ensuring it is well within the safe region. 

 

Fabrication, Experimental validation, and Result 

• Fabrication of prototype. 

• Suitable experimentation and comparison with present connecting rod. Validation of result by comparing with software 

results 

 

 

 

 

 

 

 

3D Model of connecting Rod. 
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Fig 1. 3D CAD Model of Existing Connecting Rod 

 

 

 

TABLE 1. 

Properties of connecting rod 

Properties of structural steel 

 
 

 

 

FEA Analysis 

 

 

 
 

Fig 2. Meshed Model 

 

  
 

Fig 3. force applied at A & fixed support at B 
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Fig 4. Total deformation 

 

 

 
 

                                                                             Fig 5. Equivalent (von-Mises) stress 

 

V. RESULT 

 

The comparison, between model analysis result of existing and optimized has been performed and it is summarised in table given 

below 

                                                                                        

TABLE 2. 

Comparing natural Frequency 

 

Sr. 

No 

Mode Frequency (Hz) 

Existing Composite 

1 1 1048.2 1122.9 

2 2 1734.7 1638.9 

3 3 5129.4 4979.1 

4 4 6395.4 6762.6 

5 5 9325.4 8997.4 

6 6 14364 14644 
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VI. CONCLUSION 

 

• Static and modal analysis results of existing connecting rod proved that the model is more stable and there is scope for 

optimization. 

• The comparison, between modal analysis results of existing and optimized has been performed and it is summarized in table 

shown above. 

• The comparison shows that the frequencies of vibration of the optimized connecting rod in six different modes are almost 

equal that of existing connecting rod 

• This is due to the implementation of topology optimization. 

• Hence the comparison shows that the main objective of this project work has been satisfied. 

• This modal result will be validated experimentally by performing vibration testing of the optimized connecting rod on the FFT 

Analyzer. 

 

VII. FURURE WORK 

• Experimental setup. 

• Validating experimentally by performing vibration testing of the optimized connecting rod on FFT analyser. 

VIII. ACKNOLEDGEMENT 

I would like to express my gratitude to all those who have contributed to the successful completion of this project. Firstly, I would 

like to extend my sincere appreciation to my project guide, G.G Gade, for their invaluable guidance, support, and motivation. Their 

expertise and insights were pivotal in shaping the direction and scope of this project. I am also thankful to the staff of Smt. Kashabai 

navale college of engineering, especially the Head of the Mechanical department, for their consistent support and encouragement 

throughout the project. Their assistance and resources provided the necessary framework to complete this project. Additionally, I 

would like to acknowledge the contributions of all the faculty members of the Mechanical department for their support and 

guidance. Their feedback and suggestions helped to refine the project and achieve the desired outcome. I would also like to thank 

the participants who took part in this project. Their willingness to share their experiences and insights was crucial to the success 

of this study. In conclusion, I am grateful to everyone who contributed to this project in any way. I appreciate your invaluable 

support and guidance. 

 

 

IX. REFRECNES 

 
 

[1]. ―Investigation of Natural Frequency by FEA Modal Analysis and Experimental Modal Analysis of Connecting Rod‖,SameerNasirMomin ,R.J.Gawande, 

International Journal of Innovative Research in Science, Volume :5,issue :1,pages 305-310, ISSN(Online): 2319-8753 ,ISSN (Print): 2347-6710, January 2016. 

[2]. ―Analysis of Connecting Rod Using Analytical and Finite Element Method‖ Prof. N.P.Doshi, Prof .N.K.Ingole , International Journal of Modern Engineering 

Research (IJMER), Vol:3, Issue:1,Pages 65-68, ISSN: 2249-6645, Jan-Feb. 2013. 

[3]. ―FE-Analysis of Connecting Rod of I.C.Engine by Using Ansys for Material Optimization‖, Mr.J.D.Ramani , Prof. Sunil Shukla , Dr.Pushpendra Kumar 

Sharma , , Int. Journal of Engineering Research and Applications, Vol: 4, Issue :3,Pages 216-220, ISSN : 2248-9622, March 2014. 

[4]. ―Modal Analysis of Connecting Rod of Nissan Z24 Engine by Finite Element Method‖, Journal of Science and today's world, volume: 1, issue: 1, 

pages 54-58, ISSN 2322-326x,2012. 

[5]. ‖ Analysis of Connecting Rod under Different Loading Condition Using Ansys Software‖, Mr. H. B. Ramani, Mr.Neeraj Kumar, Mr. P. M. 

Kasundra, International Journal of Engineering Research & Technology (IJERT), Vol: 1 Issue: 9,Pages 1-5, ISSN: 2278-0181, November- 2012. 

[6]. ―Design Optimization and Analysis of a Connecting Rod using ANSYS‖, G. Naga MalleshwaraRao, International Journal of Science and Research (IJSR), 

Volume :2, Issue 

:7, Pages 225-229, ISSN: 2319-7064, July 2013. 

 

[7]. ―ANALYSIS AND OPTIMIZING CONNECTING ROD FOR WEIGHT AND 

COST REDUCTION‖, A.K.Nachimuthu , Marlon Jones Louis , C.Vembaiyan , International Journal of Research and Innovation in Engineering 

Technology ,Volume: 01 Issue: 01, Pages 1 – 7, ISSN: 2394 – 4854,june 2014. 

 

 

http://www.jetir.org/

