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Abstract— Connecting rod is one of the important components of the 

whole engine assembly as it acts as a mediator between piston assembly 

and crankshaft. Its converting the reciprocating motion of the piston to 

rotary motion of the crank. Also it faces a lot of tensile and compressive 

loads during its life time. Generally connecting rods are manufactured 

using carbon steel and in recent days aluminium alloys are finding its 

application in connecting rod. In this work connecting rod is replaced 

by aluminium based composite material reinforced with Boron carbide. 

And it also describes the modelling and analysis of connecting rod. Pro-

e solid modeling software is used to generate the 3-D solid model of 

Connecting rod. Ansys software is used to analyze the connecting rod. 

The main aim of the project is to analysis the stress, strain, deformation 

of connecting rod by varying material with same geometry.  

  

Keywords— connecting rod, ANSYS, composite, boron carbide,   
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I. INTRODUCTION  

A Connecting rod is the link between the reciprocating piston 

and rotating crank shaft. Small end of the connecting rod is 

connected to the piston by means of gudgeon pin. The big end 

of the connecting rod is connected to the crankshaft.  

  
Fig.1.General diagram  

A typical connecting rod is shown in fig 1. A 

combination of axial and bending stresses act on the rod in 

operation. The axial stresses are product due to cylinder gas 

pressure and the inertia force arising on account of reciprocating 

motion.   

Whereas bending stresses are caused due to the 

centrifugal effects. To provide the maximum rigidity with 

minimum weight, the cross section of the connecting rod is made 

as and I – section end of the rod is a solid eye or a split eye this 

end holding the piston pin.   

  

The big end works on the crank pin and is always split. 

In some connecting rods, a hole is drilled between two ends for 

carrying lubricating oil from the big end to the small end for 

lubrication of piston and the piston pin.  

II. LITERATURE REVIEW  

Kuldeep B “Analysis and optimization of 

connecting rod using Alfasic composites”. This research is 

motivated by the responsible to transmit the push and pull from 

the piston pin to crank pin, thus converting the reciprocating 

motion of the piston to rotary motion of the crank. Generally 

connecting rods are manufactured using carbon steel and in 

recent days aluminium alloys are finding its application in 

connecting rod.   

In this work connecting rod is replaced by aluminium 

based composite material reinforced with silicon carbide and fly 

ash. And it also describes the modelling and analysis of 

connecting rod. FEA analysis was carried out by considering 

two materials. The parameters like von misses stress, von misses 

strain and displacement were obtained from ANSYS software. 

Compared to the former material the new material found to have 

less weight and better stiffness. It resulted in reduction of 

43.48% of weight, with 75% reduction in displacement.  

Prof. N.P.Doshi “Analysis of Connecting Rod Using 

Analytical and Finite Element Method”. The connecting rod 

is a major link inside of a combustion engine. It connects the 

piston to the crankshaft and is responsible for transferring power 

from the piston to the crankshaft and sending it to the 

transmission. The most common types of materials used for 

connecting rods are steel and aluminum.  

Connecting rods are widely used in variety of engines 

such as, in-line engines, V-engine, opposed cylinder engines, 

radial engines and oppose-piston engines. For the project work 

we have selected connecting rod used in light commercial 

vehicle of tata motors had recently been launched in the market.   

We found out the stresses developed in connecting rod 

under static loading with different loading conditions of 

compression and tension at crank end and pin end of connecting 

rod. Design of connecting rod which is designed by machine 

design approach is compared with actual production drawing of 

connecting rod. We found that there is possibility of further 

reduction in mass of connecting rod.  
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S. Venkatesh “Design and Analysis of Connecting 

Rod with Modified Materials and FEA Analysis‖ The main 

objective is to reduce the weight of connecting rod by replacing 

steel with aluminium fly ash composite material without losing 

any of its strength and hardness. Experimental results are 

obtained from the compressive and tensile tests of connecting 

rods. Spectrometer test is also performed and the results are 

found out. It is found that by using aluminium fly ash composite 

material weight is greatly reduced up to 50% without losing any 

of its strength and hardness. Finally aluminium and steel 

connecting rods are analyzed with the help of Ansys and the 

FEA results are compared with the experimental results both 

the results are give equal value.  

III. FORCES ACTING ON THE CONNECTING ROD  

1. The combined effect (or joint effect) of,  

a) The pressure on the piston, combined with the       

inertia of the Reciprocating parts.  

b) The friction of the piston rings, piston, piston 

rod           and the cross head.  

2. The longitudinal component of the inertia of the rod.  

3. The transverse component of the inertia of the rod.  

4. The friction of the two end bearings.  

 Axial forces :   

Axial forces resulting from gas pressure and inertia 

of piston assembly modified by the side thrust arrising 

in consequence of the connecting rod crank angle.  

    The maximum axial load is compressive ( at 

TDC ).  

 Tensile stresses occur after firing, due to piston inertia.  

 Bending stresses also occur after firing.  

 Transverse forces :  

Transverse forces Known as whip, are caused by 

inertia effects of the     rod mass. Fortunatly axial & 

transverse forces do not occur at the same time.  

IV. MATERIAL PROPERTIES  

Sl. 

No  

Parameters  0ld Material 

(Al6061)  

New Material 

(Al6061+B4C)  

1  Density (g/cm3)  2.7  2.68  

2  Youngs modulus(GPa)  70-80  195  

3  Poisson’s ratio  0.33  0.32  

Table.1.Material properties  

V. THEORETICAL CALCULATION OF  

CONNECTING ROD  

1. Pressure calculation:  

    Consider a 150cc engine Engine type 

air cooled 4-stroke  

Bore × Stroke (mm) = 57×58.6  

Displacement = 149.5CC  

Maximum Power = 13.8bhp at 8500rpm  

Maximum Torque = 13.4Nm at 6000rpm  

Compression Ratio = 9.35/1  

• Density of petrol at 288.855 K - 737.22*10-9 

kg/mm3  

• Molecular weight M - 114.228 g/mole  

• Ideal gas constant R – 8.3143 J/mol.k  

From gas equation,  

PV=m.Rspecific.T  

Where, P = Pressure, V = Volume, m = Mass  

Rspecific = Specific gas constant  

T = Temperature Mass = 

density * volume m 

=737.22E-9*150E3 m = 

0.11 kg Rspecific = R/M  

Rspecific = 8.3143/0.114228  

Rspecific = 72.76  

P = m.Rspecific.T/V  

P = 0.11*72.786*288.85/150E3 

P = 15.4177 MPa P ~ 16 MPA.  

2. Design calculation of connecting rod:  

In general  

  
Fig.2. Standard dimensions of I section  

1. Thickness of flange and web of the section = t = 2  

2. Width of the section B = 4t= 4×2 = 8  

3. Height of the section H = 5t = 5×2 = 10  

4. Area of the section A = 11t²= 11×4 = 44  

5. Moment of inertia about x axis Ixx= 34.91t4  

                                              = 34.91×16 = 558.56  

6. Moment of inertia about y axis Iyy= 10.91t4  

                                                     = 10.91×16= 174.56  

7. Therefore Ixx/Iyy = 558.56/174.56 = 3.2  

  

VI. ANALYSIS  
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Fig.3. Model of connecting rod  

  

  

  
Fig.4. Meshed model of connecting rod  

  

1.Tensile load:  

Al6061- Von mises stress:  

  

Fig.5. Al6061- Von mises stress  

From the fig.5. the maximum stress occurs at the piston 

end of the connecting rod is 87.524MPa and minimum stress 

occurs at the crank end of the connecting rod is 0.018526MPa.  

Al6061-Total deformation:  

  

Fig.6. Al6061-Total deformation  

From the fig.6. the maximum displacement occurs in 

the connecting rod is 0.056358mm Al6061- Von mises strain:  

  

Fig.7.Al6061- Von mises strain  

From the fig.7. the maximum Von-mises strain occurs 

at the piston end of the connecting rod is 0.001176mm and 

minimum Von-mises strain occurs at the crank end of the 

connecting rod is 3.1553e-7mm.  

Al6061+B4C - Von mises stress  

  

Fig.8. Al6061+B4C - Von mises stress  

From the fig.8. the maximum stress occurs at the piston 

end of the connecting rod is 131.93MPa and minimum stress 

occurs at the crank end of the connecting rod is 0.026257MPa.  

Al6061+B4C -Total deformation  

  

Fig.9. Al6061+B4C -Total deformation  

From the fig.9. the maximum displacement occurs in 

the connecting rod is 0.03256mm  
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Al6061+B4C - von mises strain:  

  
Fig.10.Al6061+B4C - Von mises strain from the 

fig.10. the maximum von-mises strain occurs at the piston end 

of the connecting rod is 0.00068185mm and minimum von-

mises strain occurs at the crank end of the connecting rod is 

1.6927e-7mm.  

2.COMPRESSIVE LOAD:  

Al6061- Von mises stress:   

  

Fig.11.Al6061- von mises stress  

From the fig.11. the maximum stress occurs at the 

piston end of the connecting rod is 49.232MPa and minimum 

stress occurs at the crank end of the connecting rod is 

0.010421MPa.  

Al6061-Total deformation:  

  

Fig.12.Al6061-Total deformation  

From the fig.12. the maximum displacement occurs in 

the connecting rod is 0.031702mm  

  

  

Al6061- Von mises strain:  

  

Fig.13.Al6061- Von mises strain  

From the fig.13. the maximum Von-mises strain occurs 

at the piston end of the connecting rod is 0.00066148mm and 

minimum Von-mises strain occurs at the crank end of the 

connecting rod is 1.7748e-7mm.  

Al6061+B4C - Von mises stress:  

  

Fig.14. Al6061+B4C - von mises stress  

From the fig.14 the maximum stress occurs at the 

piston end of the connecting rod is 60.468MPa and minimum 

stress occurs at the crank end of the connecting rod is 

0.012035MPa.  

Al6061+B4C -Total deformation:  

  

Fig.15. Al6061+B4C -Total deformation  

From the fig.15. the maximum displacement occurs in 

the connecting rod is 0.014924mm  
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Al6061+B4C - von mises strain:  

  

Fig.16.Al6061+B4C - Von mises strain  

From the fig.16. the maximum Von-mises strain occurs 

at the piston end of the connecting rod is 0.00031251mm and 

minimum Von-mises strain occurs at the crank end of the 

connecting rod is 7.7582e-7mm.  

VII. RESULT COMPARISON  

  

Table.2.  Result comparison  

VIII. CONCLUSION  

[1]The present material used for connecting rod Al6061 is high 

deformation when compare to Al6061+B4C. So Al6061+B4C 

have low deformation, the result is increasing the life time of the 

connecting rod.      

  

[2]Al6061 connecting rod has low von mises stress, so the result 

is low strength. So conclude Al6061+B4C connecting rod has 

high von mises stress, so it has high strength.  

  

[3]Al6061+B4C connecting rod have low von mises strain, so 

the result is high hardness.  
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