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Abstract— In the modern market the demand of the light 

weight vehicle is more so as to have good aesthetic view 

with speed and power. In the same process it is challenge to 

the modern design is to lower the weight of the vehicle. In 

the vehicle there are many important components such as 

engine, piston, crankshaft, connecting rod, valves etc. 

Connecting Rod is such a product which is a critical part of 

an Internal Combustion Engine. It is an intermediate link or 

a part or a member between the Crankshaft and the Piston. 

Piston needs to convert reciprocating motion into rotary 

motion. The piston pin exerts a push force whereas crank 

pin receives a pull force. Connecting rod is mainly 

responsible for transferring the power from the piston to 

Crankshaft. Connecting rod is manufactured in bulk 

quantity. Different materials are used to manufacture the 

Connecting rod.  Steel, Alloy Steel and aluminum is the 

commonly used material for Connecting rod. This paper 

reviews the design methods used for connecting rod by 

various researchers, which can be seen from the following 

sections of the paper. This is an assessment of the current 

methodology for designing of a complex component such as 

connecting rod. Finally results are discussed. 
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I. INTRODUCTION 

The earliest testimony for a connecting rod was found in late 

3rd century AD roman      sawmills. The rotary motion of 

water wheel produced by the roman water mills crank and 

con rod mechanism was converted into liner movement of 

the saw mills. Those days hand operated  cranks were  

known for centuries, the historians of technology in  early  

fifteen century in Europe considered invention of the crank-

connecting rod mechanism as the most important 

mechanical device for energy transmission. A hand will 

operated by the crank and connecting rod system was given 

by Conrad Keyser in 1405 DC in his book “Bellifortis”. 

Francesco Di Giorgio Martini then in 1439-1502 in his 

“treatise on architecture” represented for the first time ever 

in a rotating machine a crank and connecting rod mechanism 

was applied to saw for timber driven by water wheel.   

Piston pump driven by water wheel operated by 

two cranks and two connecting rods was shown by 

Pisanello. Around 1174 and 1200 an engineer and craftsmen 

named AI-Jzari developed five machines for Turkish 

dynasty to pump water for the kings, but the device was 

complex indicating that the concept of power conversion 

was still unknown. 

Al-Jazari around 1206 fully developed a crank and 

connecting rod system in his water raising machines, which 

had a vertical axle rotated by an animal; on this axle housed 

gear wheel which meshed with a second wheel at right 

angles. The animal rotated in a circular fashion. The 

horizontal axle was rotated by the gears as the crank and 

skates in the hinged connecting rod which made it to move 

around the hinge and make the swaps to rise and fall. 

A. Internal Combustion Engine Connecting Rods 

An engine consists of number of parts assembled together. 

Every engine is housed with connecting rod depending on 

the number of cylinders; each cylinder is assembled with 

piston, crank- shaft, connecting rod etc. Hence the 

connecting rod has to be manufactured in enormous 

quantity. A connecting rod has to ends with piston attached 

with small end and crank-shaft attached at big end. It 

transmits the reciprocating motion of piston due to thrust 

produced by combustion of fuel to rotary motion of 

crankshaft. A 4-stroke IC engine experiences 4 strokes 

namely injection stroke, compression stroke, power stroke 

and exhaust stroke. While these four strokes the connecting 

rod is encountered by various forces, hence it’s necessary to 

study these forces for the analysis.  

The stresses generated in an IC engine connecting 

rod are axial and bending stresses. The axial stresses are 

caused due to combustion of fuel generating enormous 

compressive forces and the inertia force generated due to the 

opposition imposed by reciprocating masses cause tensile 

force, bending stresses are generated due to the centrifugal 

forces. An automotive connecting rod has a long shank, a 

crank end and a piston end. the connecting rod may have 

various cross-sections at the shank like rectangular, circular, 

tubular, I-section or H-section. I-section is favorable for 

high speed engines and circular cross-section type of 

connecting rod is required in low speed engine. Earlier 

circular cross-section connecting rods were in use and now 

usually I-section connecting rods are preferred. Casting 

forging and powder metallurgy are the common type of 

manufacturing process. As the connecting rod is 

encountered by large cyclic loading, generally of the order 

of 10^8 to 10^9 which are compressive load due to 

combustion of fuel and tensile due to inertia of reciprocating 

masses. Because of this the automotive connecting rod has a 

wide range of research topic in many ways such as 

production, material simulation, fatigue and performance 

etc. 

Cast iron connecting rods can be used in scooter 

and mopeds. In the 21st century steel is the commonly used 

material for manufacturing of connecting rods, even 

aluminum can be used as connecting rod material as 

aluminum has high ability to absorb energy and its light 

weight character. Titanium connecting rods can also be used 

as they provide strength and light weight characters but are 

very expensive can be used in high performance automobile. 

The connecting rod can be rotate about crank-shaft and 

move in either ways in cylinder as it is not firmly attached at 

the ends. The piston end of connecting rod is attached with 
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gudgeon pin or wrist pin, piston pins and can freely rotate 

about the pin. The figure 1.1a shows a steel con rod with 

parts named. The figure1.b shows a connecting rod with 

piston, piston pins. Gudgeon pins and the two ends. The 

crank end is connected to the journal over crank throw, 

bearing shells which can be assembled through the 

connecting rod bolts. 

 The engine cylinder usually wears in a oval shape 

rather than circular because the crankshaft produces side 

way force on piston hence causing wear. This makes the 

seals inefficient against the cylinder walls. It has been 

observed that long length connecting rods will decrease the 

wear and hence giving longer life to the engine. If 

connecting rods length is greater than the required length the 

total height on the engine might increase. 

 
Fig. 1: Schematic illustration of Connecting Rod 

II. LITERATURE REVIEW  

When the grain size becomes larger with increasing 

temperature, notch sensitivity of fatigue properties is not 

observed. This is attributed to the relation between the 

effective grain size and notch depth. When the effective 

grain size is the same as or larger than one-half the notch 

depth, notch sensitivity decreases. [1]        

The crack-modeling method used for the analysis 

of this crankshaft under bending loads, extended to consider 

torsional loading. It correctly predicted the fatigue limit and 

also the crack initiation point and growth direction. 

Predictions were not significantly affected by refinement of 

the FE mesh, even though this had a strong effect on the 

value of the hot-spot stress. This is very advantageous for 

the practical use of the technique. [2]        

DoE can be used effectively in conjunction with 

the classical optimization techniques to optimize the 

response of interest. This method is very computationally 

efficient and requires very less computational time Fatigue 

strength is the most significant factor in the design and 

optimization of connecting rod The optimized geometry is 

10.2% lighter than the current connecting rod. [3]        

According to this study, finite element method is 

evaluated as a useful approach to recognize the critical 

points and fatigue life time of the reciprocating components 

such as connecting rods. In the case of U650 tractor 

connecting rod the critical point, is point 46, i.e. at the end 

of the shank and near piston pin hole. This point is critical 

point not only in tensional loading but also in compressive 

loading. The allowable number of cyclic loading on this part 

under fully reversed loading assumption is 108 cycles. [4]      

The sensitivity of buckling is relatively higher than 

or comparable to those of yield and fatigue. Hence, when 

weight reduction of connection rod shank is attempted, 

buckling should be considered as an essential factor along 

with the other criteria such as yield and fatigue. [5]        

It was found that the design parameter of 

connecting rod with Fatigue strength plays the most 

significant role (design driving factor) in the optimization of 

this connecting rod. Optimization was performed to reduce 

weight of the existing connecting rod. This optimization can 

also be achieved by changing the current forged steel 

connecting rod into some other materials such as C-70 steel 

etc. [6]     

The working factor of safety is nearer to theoretical 

factor of safety in aluminum boron carbide. Percentage of 

reduction in weight is same in Aluminum 360 and aluminum 

boron carbide. Percentage of increase in stiffness in 

aluminum boron carbide is more. Percentage of reducing in 

stress aluminum boron carbide and aluminum is same than 

carbon steel. [7]     

Based on the results of the experiments obtained by 

analyzing the finite element in the present study, it can be 

concluded that the occurrence of the connecting rod failure 

was due to the fatigue crack growth mechanism which came 

as a result of higher stress being combined with the porosity 

(manufacturing defect) in initiation and growth of a fatigue 

crack followed by catastrophic failure. Finally, lubrication 

engine system should be regularly checked, and all these are 

highly recommended to ensure long life connecting rod. 

[8]     

After the design modification the new samples are 

satisfactorily meeting the acceptance criteria of fatigue life 

and the three samples test results are showing us the 

consistency in meeting the acceptance criteria. From this it 

is concluded that the fatigue failure predicted in CAE 

Analysis and actual experimental testing work carried out 

co-relates with each other and the design of connecting rod 

is safe as it passes the 10 million cycle’s acceptance criteria. 

Thus experimental fatigue life validation and analysis of 

connecting rod correlates with each other. [9]     

Connecting rod design is safe for beryllium alloy 

based on the ultimate strength. Comparing the different 

results obtained from the analysis, it can be concluded that 

the stress induced in the Beryllium alloy is less than other 

for the present investigation. Here beryllium alloy can be 

used for production of connecting rod for long durability. 

[10]     

Factor of Safety w.r.t. material endurance strength 

is kept as 1.26 which is to be validated statistically with 

more number of samples. FEM methodology is established 

for assessing durability of connecting rod by this research 

and can be used as an effective tool for design verification 

process prior to physical testing for future. [11]     



Analysis and Optimization of a Connecting Rod 

 (IJSRD/Vol. 8/Issue 9/2020/003) 

  

 All rights reserved by www.ijsrd.com 12 

Mass of the optimized connecting rod is 483 grams 

and the optimized geometry is 10.38% lighter than the 

current connecting rod for the same strength. The peak 

stresses mostly occurred in the transition area between pin 

end, crank end and shank region in forged steel connecting 

rod. The value of stress at the middle of shank region is well 

below allowable limit of 250MPa. [12]     

The designed connecting is expected to sustain the 

loads to which it is subjected during its lifetime. Thus 

improves the performance of the compressor by resulting in 

the optimized connecting with lighter weight. [13]     

Failure occurred at the body of the con-rod, close 

to the head, and involved the propagation by a fatigue 

mechanism of cracks nucleated at the lubrication channel. A 

layer of a tungsten based material embedded in a portion of 

the lubrication channel served as the area for crack 

nucleation. The W layer was possibly generated during the 

connecting rod fabrication process, particularly, during the 

lubrication channel machining. [14]     

The Equivalent Von-Mises, Principal Stress, Shear 

Stress are least for I section rod. Hence I section connecting 

rod is good for the design and give the satisfactory 

performance in operation. The critical location of stress is 

near the piston pin end side, and then goes to decreasing 

towards the big end side. For optimization, the fillet radius 

and diameter of small and width of rod play a role in design. 

[15]     

The radius of the rounding of the connecting rod 

body should be increased in the positions on the body of the 

connecting rod with the increased concentration of stress in 

order to reduce the concentration of the stress of the 

connecting rod; the polishing of the connecting rod should 

be scheduled within the framework of the final machining; 

and the control of making parts for the engine during serial 

production should be improved. [16]     

Out of all the materials of connecting rod, Titanium 

Alloy has a fatigue life of 5.4282e7 cycles which is nearly 

hundred times the fatigue life of Forged Steel and ten times 

the fatigue life of Aluminium Alloy. From these results we 

conclude that Titanium Alloy is the best alternative material 

to the existing material i.e. Forged Steel. Considering the 

financial aspect, we can use Aluminium Alloy which is 

available at low cost. When Engines are operating at high 

loads, Titanium Alloy is the best material for construction of 

connecting rod. [17]     

The main reason of fatigue fracture of the 

connecting rod was to high tightened torque of the bolts. 

High pretension of bolts caused the local bending effect and 

in consequence high tensile stresses in the zone near the bolt 

hole. The crack initiation process was accelerated by the 

stress concentration related to small fillet radius on surface 

near the bolt hole. [18] 

III. CONCLUSION 

After studying above papers it is noted that, study needs to 

be done on the connecting rod behavior after the application 

of load. The basic parameters which needs to be checked is 

the Deformation, Stress and the fatigue life of the 

connecting rod. 
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