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Abstract:  The connecting rod is the intermediate member between the piston and the Crankshaft. Its primary function 

is to transmit the push and pull from the piston pin to the crank pin, thus converting the reciprocating motion of the 

piston into rotary motion of the crank. Connecting rod design is very important because of its role in the crank 

mechanism, so that the research that can be applied in optimal design of connecting rod can lead to increased engine 

performance. 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.  This study incorporates FEA modal 

analysis and experimental modal analysis of connecting rod. A parametric model of Connecting rod is modelled using 

Pro-E and finite element analysis is carried out by using ANSYS Software. Finite element method is used to determine 

natural frequencies of a connecting rod  
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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 

manifolds. This phenomenon is known as resonance. 

Numbers of methods are available for the design 

optimization of structural system and these methods are 

based on mathematical programming technique and 

optimally designed using ANSYS software. The finite 

element method is capable of providing this information 

but it is time taken, the time need to create such a model is 

large. In order to reduce the modelling software can be 

used. One such model is provided by ANSYS work bench. 

 

II. PROBLEM DEFINITION 

 

The connecting rod is under tremendous stress from the 

reciprocating load represented by the piston, actually 

stretching and being compressed with every rotation, and 

the load increases as the square of the engine speed 

increase. Combination of axial and bending stresses act on 

the rod in operation. The axial stresses are product due to 
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cylinder gas pressure and inertia force arising on account 

of reciprocating motion. Whereas bending stresses caused 

due to centrifugal effects hence it causes failure of 

connecting rod. In some cases there are geometrical errors, 

deflections and friction present, and accordingly, 

connecting rod some- times creating noise and vibration to 

such an extent that it becomes a problem. 

Hence in the machine element like connecting rod  

according to their geometry errors, unsuitable material 

selection, deflection and friction present, and sometime 

applied force and boundary condition create noise and 

vibration a of element and also reduce life of element. 

 

III. THEORETICAL DESIGN  

 

1)Design of cross-section of connecting rod: 

The cross-section selected is I-section, as shown in fig. 

 

 
Figure1. I-Section of connecting Rod 

 

Dimensions of cross-section of connecting rod: 

Flange thickness = t= 4.6mm 

Web thickness = t= 4.6mm 

Width of Flange (B) = 4t= 18.4mm 

      Depth of Section (H) = 5t= 23mm 

This cross-section is taken at the middle of the connecting 

rod. 

 

2) Design Of Other Parts Of Connecting Rod: 

The other parts of the connecting rod are: 

Small End of Connecting Rod 

Big End of Connecting Rod 

Bolts for Big End Bearing Cap 

 

 
Figure 2.Schematic Diagram of Connecting Rod 

(A) Small End of Connecting Rod: 

Let,  

dpi=inner diameter of small end,mm 

dpo=outer diameter of small end,mm  dp 

=diameter of piston pin,mm   ll 

=width of small end,mm 

Fimax = mrw2rcos θ +
cos 2 θ

n0
 

  = mrw2r cos 360 +
cos  720 

n0
  (at θ = 3600

 Fimax = mrw2r  1 +
1

ne
 ………………… . .  1  

σ =
Fimax

(dpo − dpi )ll

………………………… . . (2) 

 

dpi = dp + 2 × thickness of bearing bush  

 Inner diameter of small end (dpi) = 36mm 

 Outer diameter of small end (dpo) = 60mm

 Diameter of piston pin (dp) = 30mm 

 Width of small end (ll) = 45mm 

 

(B) Big End of Connecting Rod: 

Let,      dcp=diameter 

of crank pin,(mm)   dci=inner 

diameter of the big end of connecting       rod,(mm) 

    dco=outer diameter of the big 

end of connecting rod,(mm)   

   tbc=thickness of bearing cap,(mm) 

  lbc=width of the big end of connecting rod,(mm)

  S=distance between bolt centers of bearing 

cap,(mm)       

Fmax = lbc dcp Pb  

Where,  Pb=permissible bearing pressure between the 

crank pin and the connecting rod bearing 

‗lbc‘ is taken as, 

lbc =  (1.0 to 1.5) dcp……………(3) 

 

dci= dcp + 2× thickness of bearing shell           

dco= dci + 2 tbc  

dco = dci + 2 tbc 

dcp = 36m                                                               

dci = 42mm 

dco = 70mm                                tbc= 

12mm     lbc = 45mm          

        S= 63mm 

(C)Bolts for big end bearing cap: 

Fimax =2 ×
π

4
de×σtb

2   for two bolts …… . (4) 

Core diameter of bolt (dc) = 6.68mm            

Nominal diameter of bolt (db) = 8mm  

 

IV. EXPERIMENTAL MODAL ANALYSIS 

 

Experimental modal analysis of a system, deals with 

determination of natural frequencies, damping ratios, and 

mode shapes through the vibration testing. In the case of 

forced vibration, the analysis includes the study of 

acceleration, velocity and displacement responses of the 

systems. The basic ideas involve in model analysis are 
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then structure or machine or any system is excited its 

response exhibits a sharp peak at resonance when the 

forcing frequency is equal to its natural frequency. 

 

1) Steps to follow: 

a) The geometry of the connecting rod  to be analysed is 

imported from solid modeller Pro- Engineer in IGES 

format this is compatible with the ANSYS[11]. 

b) The element type and materials properties such as 

Young's modulus and Poisson's ratio are specified. 

c) Meshing the three-dimensional model.  

d) The boundary conditions and external loads are applied. 

e) The solution is generated based on the previous input 

parameters. 

f) Finally, the solution is viewed in a variety of displays. 

 

2) Analysis of Model: 

behaviour by dividing the geometry into a number of 

elements of standard shapes, applying constraints. Uses of 

proper boundary conditions are very important since they 

strongly affect the results of the finite element analysis. 

Connecting rod is modelled in Pro-E. The step file of 

model is imported in ANSYS workbench. The main 

objective of this work is to perform the Finite Element 

Analysis of intermediate connecting rod using CAE Tools, 

so as to determine the natural frequency in the connecting 

rod. The material properties are demanded in CAE to 

perform analysis. 

 

2.1 Pre-processing: The constructs a model of the 

connecting rod in which the geometry is divided into a 

number of discrete sub regions, or ―elements,‖ connected 

at discrete points called ―nodes.‖ Certain of these nodes 

will have fixed displacements, and others will have 

prescribed loads. 

 

 
Figure 3.Geometry 

 

Discretization is the method of converting continuous 

models to discrete parts. 

 
Figure 4. Meshing 

 

2.2 Solution:Solution Part involves declaration of the 

Analysis type, location of forces and fixation of model. 

 

 
Figure 5.Location of force applied 

 

 
Figure.4. location of pressure 
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Figure 5. Location of fixed support 

 

2.3 Post Processing: The post processing stage involves 

viewing of data files generated by the softwareduring the 

solution phase.  

 

2.3.1 Result obtain from ANSYS: 

Case: Pressure 13 MPaAt Small End of Connecting 

Rod 

 

 
Fig.5.Equivalent Von-Misses Stress (in MPa) 

 
Fig.6.Total deformation (in m) 

 

V. RESULTS AND DISCUSSION 

 

Connecting rodundergoes noise and vibration frequently. 

The maximum voinmises stress generated is 37.618 Mpa 

and the maximum deformation generated is 0.0047524 

mm. The results obtained are within limits and will have 

minimum effect on the working condition of the shaft and 

gear. The material used and the design developed for the 

required force is valid for the automobile connecting rod. 

 

VI. CONCLUSION 

 

The finite element method (FEM) is most widely for 

Natural frequency analysis of machine elements using the 

ANSYS software. The development off finite element 

analysis model of the shaft with gear mounting to simulate 

the von-misses stress calculation and total deformation 

calculation plays more significant role in the design. FEM 

methods for calculation of natural frequencies of shaft 

with gear are described. The connecting rod in PRO-E and 

analyzed in ANSYS for its natural frequency. 

 

Hence with the help of ANSYS software we find out the 

total deformation, equivalent stress which is response for 

noise and vibration of machine element such as connecting 

rod. 
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