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ABSTRACT 

The purpose of connecting rod is to provide fluid movement between piston and crank 

shaft. The thesis deals with Fatigue Analysis and Life Prediction of Connecting Rod in 

Light Commercial Vehicle (LCV) for Toyota with in commercial software ANSYS. 

Introduction, literature review, meth ology, design and analysis of connecting rod, finite 

element solution for aluminum alloy 7068T6 and carbon steel C40 connecting rod are 

presented. Problem of the research carbon steel C40 material connecting rod are used in 

automobile internal combustion engine ,but carbon steel C40 connecting rod having more 

weight and low stiffness as compare to  aluminum alloy 7068T6 composite  connecting 

rod. Design and analysis of connecting rod gas load and fatigue life are presented. The 

meth ology is to show fatigue analysis, physical modeling, fracture mechanic analysis 

(crack) stress, and deformation of connecting rod. The result obtained the fatigue life 

prediction of aluminum alloy 7068T6 and carbon steel C40 materials 

1.80441482x107cycles and 1.33854857x106 cycles respectively. The weight of the 

optimized connecting rod is 69.728499N. It is reduced by 63.4615% of weight. Due to the 

stress analysis of the materials are the equivalent (von-miss stress) stress values of 

aluminum alloy7068T6 is 49.159MPa and carbon steelC40 is 46.176MPa maximum 

values gain. Applications of Connecting rods are widely used in vehicles that are 

powered by internal combustion engines. All cars and trucks that use this type of engine 

employ the use of connecting rods. 

 

Key Word: - Fatigue Analysis, Fracture Mechanics Approach (Crack), Dynamic 

Load, Finite Element Analysis, physical modeling, Life Prediction. 
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 CHAPTER ONE 

1. Introduction 

1.1. Project Overview 

Connecting rod is the intermediate link between the piston and the crank, which transfers 

the Power. It is the most heavily stressed part in IC engine. The function of connecting 

rod is to transmit the thrust of the piston to the crankshaft. The role of connecting rod is 

reciprocating motion into rotary motion; four strokes are intake, compression, power, and 

exhaust. Each stroke requires approximately 180 degrees of crankshaft rotation, so the 

complete cycle would take 720 degrees. Each stroke plays a very important role in the 

combustion process[1]. 

Connecting rods that function in internal combustion engines are subjected to high cyclic 

loads comprised of dynamic tensile and compressive loads.  They must be capable of 

transmitting axial tension and compression loads, as well as sustain bending stresses 

caused by the thrust and pull on the piston and by the centrifugal force of the rotating 

crankshaft.  Figure1.1 presents schematic illustrations of a connecting rod and its location 

an engine[2, 3]. 

   

 

Figure1. 1: Schematic illustrations of a connecting rod[3] 
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In the combustion engines bending stresses are due to eccentricities, crankshaft, rotational 

mass force and case wall deformation. Hence, a connecting rod must have the capabilities 

of transmitting axial tension at minimum axial compression. The connecting rod could be 

a low cost due to bending stresses caused by the thrust and pull on the piston and by 

centrifugal force. 

 Basically, dynamic load is applied on the connecting rod during the engine cycle. The 

tensile force is applied during the exhaust stroke, while the compression occurs at the 

power stroke. Fatigue life prediction is also carried out for design with increased 

thickness in the highest stress region. The thickness is increased to improve the fatigue 

life [4]. 

The stress analysis is done using finite element method by employing commercial 

software package ANSYS. The connecting rod is a major link inside a combustion 

engine. It connects the piston to the crank shaft and is responsible for transferring power 

from the piston to the crank shaft and sending it to the transmission. There are different 

types of materials and production methods used in the creation of connecting rods. The 

most common types of connecting rods are steel and aluminum. The most common types 

of manufacturing processes are casting, forging and powder metallurgy. Connecting rods 

are widely used in a variety of engines such as, in-line engines, opposed-piston engines. 

A connecting rod consists of a pin-end, a shank section, and a crank-end. Pin-end and 

crank-end pinholes at the upper and lower ends are machined to permit accurate fitting of 

bearings. These holes must be parallel. The upper end of the connecting rod is connected 

to be the piston by the piston pin. If the piston pin is locked in the piston pin bosses or if it 

floats in the piston and the connecting rod, the upper hole of the connecting rod will have 

a solid bearing of bronze or a similar material. As the lower end of the connecting rod 

revolves with the crank shaft, the upper end is forced to turn back and forth on the piston 

pin. Although this movement is slight the bushing is necessary because of the high 

pressure and temperatures. The lower hole in the connecting rod is split to permit it to be 

clamped around the crankshaft. The bottom part, or cap, is made of the same material as 

the rod and is attached by two bolts. The surface that bears on the crankshaft is generally 

a bearing material in the form of a separate split shell. The two parts of the bearing are 

positioned in the rod and cap by dowel pins, projections, or short brass screws. Split 

bearings may be of the precision or semi precision type. From the viewpoint of 
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CHAPTER TWO 

2.  Literature Review 

Many recent papers in the literature indicate the recovery of interest in the use of light 

weight connecting rod materials and designs, inertial force reduction and increased speed. 

The literature survey shows a variety of selective information and comparison of 

connecting rods in the area of load analysis, stress analysis, durability and crack analysis. 

Approximately 48 studies have been reviewed. Brief literature survey reviews some of 

these aspects:- 

2.1. Stress Analysis 

Bin Zheng et al.  [1] carried out extensive study for stress distribution and fatigue life of 

connecting rod in combustion engines in light vehicle engine were analyzed using the 

commercial 3D finite element analysis software and ANSYSTM. The results shown in 

this paper are for medial surface of small end will be the critical surface, where chances 

damage will ignite maximum stretch condition.  It was observed maximum stretch will 

occur at medial surface of smaller end. The stresses are high at the shank of the 

connecting rod, but because of development and high rigidity material, the stresses are 

relatively uniform over the medial surface of the connecting rods.  

Deepak G.Gotiwale et al [8] presented an over view of design of connecting rod for its 

weight reduction. Results are obtained for static stress analysis in the form of Von-Misses 

stresses. While performing this static stress analysis in ANSYS, connecting rod was 

divided in to five different locations of connecting rod. 

V.Bhadane et al  [9] the work was based on bi-metallic component used in automobile; 

there are lot of bi-metallic components used in automobile application. In his case, 

connecting rod is identified with brass bush at its eye end. It induces the thermal stress in 

the material to overcome this serious problem. Hence it is suggested that the alternative 

material for bushing. 

S .Aishwary et al [10] described a real time problem of using cast-iron connecting rod in 

Hero Honda splendor + motor bike its modeling and analysis and optimization of 

connecting rod. 
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Fanil Delsai et al [11]the main objective of this work was to study the various stresses 

acting on connecting rod during its operation. These stresses acting on connecting rod are 

axial and bending stresses. An optimized solution is the minimum or the maximum value 

that an objective function can be taking under a given set of constraints. 

Vivek C.Pathade et al[17] in the work carried out by the maximum stresses were 

developed at the fillet section of the big end and the small end. Hence, the paper deals 

with the stress analysis of connecting rod by finite element method using pro/E Wildfire 

4.0 and ANSYS workbench 11.0 software.  

G.M sayeed Ahmed et al [15] has undertaken to replace the existing connecting rod made 

of forged steel which is broken for LML freedom with the aluminum connecting rod  

.Analysis was cracked out  on the connecting rod  using materials aluminum 6061, 

aluminum 7075,alumium2014 and carbon fiber 280GSM bidirectional. By observing the 

analysis results of aluminum 6061 as 71.5632N/mm2, aluminum 7075 as 72.2133N/mm2, 

aluminum 2014 as 71.5869N/mm2 and carbon fiber as 72.5887N/mm2 which is very 

much less than their respective yield strength values. 

2.2. Load Analysis 

Anilkumar et al [12] work was to optimize weight and reduce inertia forces on the 

existing connecting rod. The optimization task was to minimize the mass of the 

connecting rod under the effect of a load range for two extreme loads, the peak 

compressive gas load and the tensile load within the limits of the allowable stresses.  

S.Palanismy et al [13]the study was to redesign the connecting rod by incorporating the 

manufacturing process effects into the analysis and obtain batter fatigue weight of the 

component. Most of the paper discussed about design and finite element analysis of 

weight reduction for optimized connecting rod. 

Anada .D.Dantale et al [18] this result shows that even before the initial mean load 

condition the connecting rod is not meeting the acceptance criteria. With the help of CAE 

analysis, the connecting rod needs to be analyzed for failure at the location of big end 

bearing.  

Guru raj Deshpande et al [19]in the work load analysis was performed on connecting rod, 

followed by finite element method in ANSYS-15 medium. To calculate different part of 
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connecting rod, the total load exerted. The maximum tensile stress was obtained in lower 

half of pin end and between pin end linkages. 

Zafer ozdemir et al[14] the study of, the out ranking of crack able connecting rod material 

was obtained by using TOPSIS ( technique for order performance by similarity of  two 

Ideal solution),multiple criteria decision making  method. This result is very much 

adequate to the material selection mechanics references for material design, 

2.3. Durability Analysis 

Priyank D.Tolia et al[16] investigated the failure analysis of the connecting rod of the 

automotive engine . From experimental results it is clear that out of tests, 8 connecting 

rod failed at oil way cross drilling which is the same location shown by FEA analysis and 

life also machining with that of calculated by N-code software which in the range of 

1E006 to 1.51E006 cycles. 

PS Shenoy et al [20] this work is being detail analysis of connecting rod parts and to 

design against fatigue failure some investigators have used the overall operating load 

range of the connecting rod. The overall operating stress range obtained using the overall 

loading range is 244Mpa due to the maximum gas pressure of 84Mpa. However, the 

stress range at the maximum speed for this location is 157Mpa. 

Zheng Bin Liu Yongqi et al [21] fatigue life cycle of connecting rod was analyzed with 

ANSYS. The results show fatigue life cycle is 8.3x106. Fatigue resistance of connecting 

rod is good.  

D .Gopinath et al [22] the research was to explore weight reduction opportunities for the 

production of forged steel, aluminum and titanium connecting rods. Maximum stress 

occurred in the transition area between crank end and shank region for compressive 

loading at pin end.  The mass of the initial model is 539 grams and the material is 

removed in the three iterations. After analyzing the three iterations, the iteration three 

shows the best result optimization. The mass of the connecting rod after optimization is 

482 grams.  

Arshad Mohamed Garip et al [23] described for modeling and analysis of connecting rod. 

The result of their work was that weight can be reduced by changing the material of 

existing carbon steel connecting rod in to aluminum boron silicide metal matrix 



8 
 

composite connecting rod and also number of cycle s for aluminum silicide (2095x104) is 

more than the existing carbon steel connecting rod. 

Ojo kurdi et al[24] investigated the fatigue life prediction and fatigue life enhancement of 

connecting rods of car engine. The result shows that the pin end area is highly 

concentrated with stress for both compressive and tension loading. 

Bin zneng et al [25] this paper stress distribution and deformation of connecting rod at 

maximum stretch condition. The results show that the oil- hole of small end of connecting 

rod shank is the exposed destructive at maximum stretch condition. 

XiaoLei Xu. Zhi WeiYu[26] the failed connecting rod  that the fracture occurred at the 

small head end of the connecting rod and  two fracture  were formed( fracture 1 and2). 

The fracture section of fracture 1 is parallel to the radial direction of the circular part, but 

the surface of fracture 2 has an angle 45o to the radial, direction. 

For the expected output of the research is basically to optimized or weight reduction of  

connecting rod within the comparison of existing  connecting rod of light weight 

commercial vehicles within the new material of aluminum alloy of 7068T6  and the 

existing  material of  carbon steel C40. 
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CHAPTER THREE 

3. Analytical Method 
3.1. Methodology 
The methodology is used to describe physical modeling, crank system kinematics a connecting 

rod link loads, Finite element model, stress-life approach, strain-life approach, stress-strain 

relationship, cyclic stress-strain behavior, fracture mechanics approach, fatigue crack 

propagation and fatigue analysis within the effect of gas pressure in the piston pin of the 

connecting rod. While connecting rod is working its periodic external force consists of two 

parts[21].Gas combustion pressure: transformed by piston crown which compresses connecting 

rod and Inertia forces caused by high speed moving of piston- connecting, which stretches 

connecting rod. Connecting rod analytical evaluations are the following:- 

i. Load analysis 

ii. Stress finite element analysis (FEA) 

iii. Durability(fatigue) analysis and life predictions 

The figure3.1 illustrates the internal surface of the connecting rod is stretched within the 

effect of tensile applied gas pressure. These gas pressure effects reduce by using bearing 

material inserted in the connecting rod internal parts. 

 

 

Figure3. 1: Tensile force applied in tension cosine function over 1800, in compression 

uniform distribution over 120 

The figure3.2 illustrates the internal surface of the connecting rod is compressed within 

the effect of compressive applied gas pressure. These gas pressure effects reduce by using 

bearing material inserted in the connecting rod internal parts. 
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Figure3. 2: Durability and Optimization of Connecting Rods 

3.1.1. Physical modeling 

The connecting rod is used to convert the reciprocating motion of the piston to oscillatory 

motion of itself which is finally converts to rotary motion of the crank shaft [4]. The main 

parts of connecting rod are:- 

i. The small end which connect the connecting rod to the piston through the piston 

pin. 

ii. The shank, usually of I-section and  

iii. The big end which is usually split to surround crank pin. 

 The length of connecting rod is usually kept 3 to4.5 times the crank radius. The shorter 

length of connecting rod increases obliquity and there by the side thrust on the cylinder 

whereas the longer length increases the height of the engine [8]& [27] 

The process of analysis of the main load of connecting rod is:- 

a. Maximum gas pressure 

b. Inertia force of piston unit 

c. Inertia force of connecting rod unit 

i) Applied loads    

The connecting rod model has a periodic external load which consists of two parts. One is 

gas combustion pressure transformed by piston crown, which compresses connecting rod. 

The other is inertia force caused by high-speed moving of piston connecting rod, which 

stretches connecting rod. Therefore, during the process of analysis, the main load is 
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stress-life method does not work well in low-cycle fatigue applications where the applied 

strains have significant plastic component. 

In the stress-life approach, the effect of notches is accounted for by the fatigue notch 

factor Kf (also known as the fatigue stress concentration factor). The fatigue notch factor 

relates the unnotched fatigue strength (the endurance limit for ferrous metals) of a 

member to its notched fatigue strength[39]. 

3.1.7. Strain- Life Approach 

When the load levels are low, stresses and strains are linearly related. Consequently, in 

the elastic range load controlled and strain controlled test results are equivalent. At high 

levels, in the low-cycle fatigue (LCF) regime, the cyclic stress- strain response and the 

material behavior are best modeled under strain-controlled conditions. In the stain-life 

approach, the plastic strain or deformation is directly measured and quantified. Stress- life 

approach dose not account for plastic strain. At long lives, where plastic strain is 

negligible and stress is easily related to strain, the strain-life and stress-life approaches are 

essentially the same[39]. 

The strain- life method assumes that smooth specimens tested under strain- control can 

simulate fatigue damage at the notch root on an engineering component. Equivalent 

fatigue damage is assumed to occur in the material at the notch root and in the smooth 

specimen when both are subjected to identical stress-strain histories. As seen in figure 

3.10. 
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I. The SIF determined through analysis for the geometry of the component, crack 

orientation and applied load. 

II. The critical SIF determined through experiments for material of component. 

 If the stress intensity factor, the designer should do something such as reducing the load 

on the component, modifying the geometry of the component, or choosing the material of 

higher toughness. To find out stress concentrated at crack tip and estimation of stress 

intensity factor for 2D edge crack and 2D central crack. 

SIF calculation and the result validation on connecting rod, hence procedure has been 

developed to analyze stress intensity factor to find. 

Designers are always interested to know whether a crack is likely to grow or not if the 

geometry of crack, loads and other boundary conditions of a structural component 

 3.12. Fatigue Analysis  

Fatigue analysis is the progressive and localized structural damage that occurs when a 

material is subjected to cyclic loading. The maximum stress values are less than the 

ultimate tensile stress limit, and may be below the yield stress limit of the material. 

Failure of a material due to fatigue may be viewed on a microscopic level in the three 

steps: 

Crack initiation: - the initial crack occurs in this stage. The crack may be caused by 

surface scratches caused by handling, or tooling of the material, threads (as in a screw or 

bolt) slip bands or dislocations intersecting the surface as a result of previous cyclic 

loading or work hardening. 

Crack propagation: - the crack continues to grow during this stage as a result of 

continuously applied stresses. 

Failure: - failure occurs when the material that has not been affected by the crack cannot 

withstand the applied stress[41]. 

In material science, fatigue is the progressive and localized structural damage that occurs 

when a material is subjected to cyclic loading. A mechanical component loaded with a 

periodic stress that oscillates between some limits is subjected to stresses called, repeated, 

alternating, fluctuating stresses. Often the machine members fail under the action of 

repeated or fluctuating stresses. The most distinguishing characteristic of these failures is 
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Figure4. 1: Connecting Rod Assembly Mesh 

 

Figure4. 2: Pressure Applied in Piston End 

 

Figure4. 3: Fatigue Life  
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Figure4. 4: Fatigue Deformation 

 

Figure4. 5: Fatigue Safety Factor 

 

Figure4. 6: Fatigue Biaxiality Indication 
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Figure4. 7: Fatigue Sensitivity 

B) Stress Analysis by FEA 

The objective of FEA is to investigate stresses, displacements and hotspots experienced 

by the connecting rod. The stress obtained can be used to predict the fatigue life and  

determine the expected failure regions[47]. Finite element analysis of connecting rod will 

be done for equivalent stress, principal stress, normal stress, shear stress, elastic strain, 

total deformation and directional deformation. 

 

Figure4. 8: Equivalent (Von-Misses) Stress 
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Figure4. 9: Minimum Principal Stress 

 

Figure4. 10: Maximum Shear Stress 

 

Figure4. 11: Normal Stress (X-Axis) 
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Figure4. 12: Normal Stress (Y-Axis) 

 

 

Figure4. 13: Normal Stress (Z-Axis) 

 

Figure4. 14: Shear Stress (XY-Plane) 
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Figure4. 15: Shear Stress (Yz-Plane) 

 

Figure4. 16: Shear Stress (Xz-Plane) 

 

Figure4. 17: Equivalent Elastic Strain 

 

Figure4. 18: Maximum Principal Elastic Strain 
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Figure4. 19: Minimum Principal Elastic Strain 

 

Figure4. 20: Maximum Shear Elastic Strain 

 

Figure4. 21: Total Deformation 

 

Figure4. 22: Directional Deformation (X-Axis) 
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Figure4. 23: Directional Deformation (Y-Axis) 

 

Figure4. 24: Directional Deformation (Z-Axis) 

FEA of aluminum alloy 7068T6 connecting rod stress, deformation and strain analysis are 

worked in the above within the applied gas pressure value of 15.73MPa. The figure4.8: 

illustrates from the above analysis maximum equivalent (Von-Misses) stress occurs in the 

inner surface of piston end of the connecting rod with the maximum value of49.159MPa 

and the minimum value occurs in the crank end of connecting rod with the value of 

0.0011763 MPa. The figure4.7: illustrates the minimum principal stress occurs in the 

crank end of connecting rod and piston end of some tensile force induced area with the 

maximum value of 30.267MPa and minimum value of -54.312MPa. 

The figure4.10: illustrates the maximum shear stress occurred in the inner surface of 

piston end connecting rod with the maximum value of 23.388MPa and minimum value of 

5.4552x10-5MPa in the crank end of connecting rid within exerted gas pressure of 

15.73004MPa in the piston end for compression. 

The figure4.11: illustrates the Normal stresses (X-Axis) occurs with the maximum value 

of 53.203MPa and minimum value of -13.521MPa. 
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The figure4.12: shows the normal stress (Y-Axis) occurs with the maximum value of 

46.078MPa and lower valve of-43.902MPa. 

The figure4.13: illustrates the normal stress (Z-Axis) occurs with the higher value 

of31.737MPa and lower value of -27.121 MPa. 

The figure4.14: illustrates the shear stress (XY-plane) will be induced due to the effect of 

compressive gas pressure in the piston end.  Maximum value shear stress in (XY-plane) 

value of 17.867MPa in the inner surface of piston end of connecting rod induced.  With 

minimum value of -21.049MPa of shear stress occur. 

The figure4.15: illustrates the shear stress (YZ-plane) will be induced in connecting rod 

with the maximum value of 18.782MPa and minimum value of -14.951 MPa. 

The figure4.16: illustrates the shear stress (XZ-plane) occurs in the inner surface of piston 

end with the maximum value of 7.9689MPa and minimum value of -11.263MPa. 

The figure4.17: illustrates the equivalent elastic strain in connecting rod occurs in the 

piston end   with the maximum value of 0.0006339 and minimum value of 9.229x10-9 in 

the crank end. 

The figure4.18: illustrates the maximum principal elastic strain with the effect of gas load 

to induce for 1.6498x10-5 maximum values and -0.00061511minimum value will be 

happed. 

The figure 4.19: illustrates the minimum principal elastic strain the maximum value of 

0.000785 and the minimum value of 1.9851x10-9 

The figure4.20: illustrates the maximum shear elastic strain occurred in the piston pin of 

connecting rod for the value of 0.042026 and 0 maximum and minimum values 

respectively. 

 The figure4.21: illustrates the total deformation of connecting rod maximum value occur 

in the piston end of connecting rod top surface with the value of 0.042026mm and 

minimum total deformation occur in the crank end with the value of 0mm. those total 

deformation occurs due to the effect of gas load. 

The figure4.22: illustrates the directional deformation (X-Axis) of the connecting rod 

occur maximum value of 0.0027978mm and minimum value of -0.0025271mm in the 

piston end of connecting rod in side surface. 
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The figure4.23: illustrates the directional deformation (Y-Axis) of connecting rod 

occurred in crank end of connecting rod with maximum value of 9.0403x10-7 mm and 

minimum value of -0.042009mm in the top surface of piston end of connecting rod. 

The figure4.24: illustrates the directional deformation(Z-Axis) occur in the shank edge of 

connecting rod with the maximum value of 0.0020011mm and minimum value of -

0.0020014mm in the piston end edge of the connecting rod. 

Finite Element Analysis of Carbon Steel C40  Connceting Rod 

FEA stress,deformation and strain  analysis 

 

 

Figure4. 25: Compressive Pressure Applied in Piston end 

 

Figure4. 26: Equivalent Stress 
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Figure4. 27: Minimum Principal Stress 

 

Figure4. 28: Maximum Shear Stress 

  

Figure4. 29: Shear Stress (Xy-Plane) 
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Figure4. 30: Shear Stress (Yz-Plane) 

 

Figure4. 31: Shear Stress (Xz-Plane) 

 

Figure4. 32: Normal Stress (X-Axis) 

 

Figure4. 33: Normal Stress (Y-Axis) 
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Figure4. 34: Normal Stress (Z-Axis) 

 

Figure4. 35: Equivalent Elastic Strain 

 

Figure4. 36: Maximum Principal Elastic Strain 

 

 

Figure4. 37: Total Deformation 
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Figure4. 38: Total Deformation (X-Axis) 

 

Figure4. 39: Directional Deformation (Y-Axis): 
 

  

Figure4. 40: Directional Deformation (Z-Axis) 

FEA of carbon steel C40 connecting rod stress, deformation and strain analysis are 

worked in the above. The figure4.26: illustrates From the above analysis maximum 

equivalent (Von-Misses) stress occurs in the inner surface of piston end of the connecting 

rod with the value of 46.176MPa and the minimum value  occurs in the crank end of 
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connecting rod with the value of 9.4632x10-5MPa. For maximum principal stress 

produced in the piston end of the connecting rod with the surface of compressive gas 

pressure applied surface for the value of 47.75MPa and -18.877MPa maximum and 

minimum stress respectively. 

The figure4.27: illustrates Minimum principal stress occurs in the crank end of 

connecting rod and piston end of some tensile force induced area with the maximum 

value of 17.876MPa and minimum value of -67.683MPa. 

The figure4.28: illustrates for maximum shear stress occurred in the inner surface of 

piston end connecting rod with the maximum value of 25.003MPa and minimum value of 

-0.00067792MPa in the crank end of connecting rid with exerted gas pressure of 

15.73MPa in the piston end for compression. 

The figure4.29: illustrates Shear stress (XY-plane) will be induced due to the effect of 

compressive gas pressure in the piston end.  Maximum value shear stress in (XY-plane) 

value of 15.716MPa in the inner surface of piston end of connecting rod induced.  With 

minimum value of -15.714MPa of shear stress occur. 

The figure4.30: illustrates Shear stress (YZ-plane) will be inducing in connecting rod 

with the maximum value of 22.987MPa and minimum value of -20.758 MPa. 

The figure4.31: illustrates Shear stress (XZ-plane) occurs in the inner surface of piston 

end with the maximum value of 7.7133MPa and minimum value of -8.2444MPa. 

The figure4.32: illustrates the normal stresses (X-Axis) occur with the maximum value of 

40.459MPa and minimum value of -8.2444MPa. 

The figure4.33: shows normal stress (Y-Axis) occur with the maximum value of 

40.697MPa and lower valve of-54.739MPa. 

The figure4.34: illustrates the normal stress (Z-Axis) occurs with the higher value 

of19.470MPa and lower value of -33.82MPa. 

The figure4.35: illustrates the equivalent elastic strain in connecting rod occurs in the 

piston end   with the maximum value of 0.00027522 and minimum value of 9.4117x10-9 

in the crank end. 
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The figure4.36: illustrates the maximum principal elastic strain with the effect of gas load 

to induce for 0.00020304 maximum values and -1.5576x10-7 minimum value will be 

happed. 

 The figure4.37: illustrates the total deformation of connecting rod maximum value occur 

in the piston end of connecting rod top surface with the value of 0.019674mm and 

minimum total deformation occur in the crank end with the value of 0mm. those total 

deformation occurs due to the effect of gas load. 

The figure4.38: illustrates the directional deformation (X-Axis) of the connecting rod 

occur maximum value of 0.0010946mm and minimum value of -0.001067mm in the 

piston end of connecting rod in side surface. 

The figure4.39: illustrates the directional deformation (Y-Axis) of connecting rod 

occurred in crank end of connecting rod with maximum value of 3.5979x10-7 mm and 

minimum value of -0.019644mm in the top surfs=ace of piston end of connecting rod. 

The figure4.40: illustrates the directional deformation(Z-Axis) occur in the shank edge of 

connecting rod with the maximum value of 0.00093601mm and minimum value of -

0.00094187mm in the piston end edge of the connecting rod. 

Fatigue Analysis 

 

 

Figure4. 41: Fully Reversed Load Applied and Good Man Means Stress Theory 
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Figure4. 42: Fatigue Life 

 

Figure4. 43: Fatigue Damage 

 

Figure4. 44: Fatigue Safety Factor 
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Figure4. 45: Biaxial Indication 

 

 

Figure4. 46: Fatigue Sensitivity  

      FEA of Fatigue  

Fatigue analysis of connecting rod based on the applied compressive gas pressure of 

15.73MPa in the piston end of the component with fixed end in the crank end of 

connecting rod. The mesh size of   connecting rod is 1.5mm for the node of168910 and 

element size91205 by using ANSYS workbench15.0 the analysis is worked for life, safety 

factor, damage, Biaxiality indication and fatigue sensitivity. 

From finite element analysis of fatigue analysis of connecting rod in carbon steel C40 

material the figure4.42: illustrates the maximum life of the component occurred in the 

value of 1x107 cycles and the minimum life of the connecting rod occurred in the inner 

surface of connecting rod in the bearing arts with the value of 1,2925x106 cycles. 
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 Fatigue damage of the connecting rod is defined as the ratio of design life/available life. 

In the analysis of FEA the maximum damage occurred in the minimum life cycles of the 

component in the inner surface of piston end of connecting rod with the value of 1000 and 

the minimum damage value of the component occurs in the maximum life of the 

component of the value of 100 in figure3.60: show. For the design life of the analysis 

used for 1x109 cycles in ANSYS. 

  Fatigue safety factor is the factor of safety with respect to fatigue failure at given design 

life. Figure4.43: illustrates the maximum factor of safety is 15 occurred in the cap of the 

connecting rod. The minimum fatigue safety factor is occurring in some part of inner 

surface of piston end and shank section with the value of 1.9514.  

Biaxiality indication is defined as the principal stress smaller magnitude divided by the 

larger principal stress with the principal stress nearest zero ignored. Biaxiality of zero 

corresponds to uniaxial stress; value of -1 corresponds to pure shear, and a value of 1 

corresponding to pure biaxial state. Figure4.44: shows biaxial indication the maximum 

value of 0.97846 and minimum value of -0.9987. 

Fatigue sensitivity figure4.45: shows how the fatigue results change as a function of the 

loading at the critical location on the model. Sensitivity may be found for life, damage or 

factor of safety. In this analysis sensitivity may be taken as life. Fatigue sensitivity 

analysis of carbon steelc40 connecting rod maximum value of 7.7448x106 cycles with 0.5 

loading histories and minimum value of 9454.3 cycles used of 1.5 loading histories. The 

chart viewing style is linear. The analysis is lower variation of 50% and upper variation of 

1505. The sensitivity analysis is predicate fatigue life. 

Comparison of aluminum alloy 7068T6 output and carbon steel C40output 

The structural analysis results for the given loading conditions to the connecting rod made 

with different materials are compared as follows. Fatigue life, damage and fatigue 

sensitivity results are the same, but fatigue safety factor results are different for lower 

fatigue safety factor of carbon steel C40 is 1.9514 and aluminum alloy 7068T6 is 

1.8668.biaxiality indication of the two materials are different values for carbonsteelC40 

are 0.97846maximum and-0.99987 minimum results respectively. Aluminum alloy 7068 

T6Biaxiality indication maximum value 0.98323 and minimum value of-0.99998. 
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Table4. 2: the stress, deformation and strain results of aluminum alloy7068 T6 and 
Carbon steel C40 

SN. Parameters Aluminum alloy 7068T6 Carbon steel C40 

Max Min Max Min 

1 Equivalent(von-

misses)stress(MPa) 

49.159 0.0011763 46.176 9.4632x10-5 

2 Minimum principal 

stress(MPa) 

30.267 -54.312 17.876 -67.683 

3 Maximum shear 

stress(MPa) 

23.388 5.4552x10-5 25.403 0.00067792 

4 Normal stress(X-

Axis)(MPa) 

53.203 -13.521 40.459 -20.205 

5 Normal stress(Y-

Axis)(MPa) 

46.078 -43.902 40.697 -54.739 

6 Normal stress(Z-

Axis)(MPa) 

31.737 -27.121 19.473 -33.82 

7 Shear stress(XY-

plane)(MPa) 

17.867 -21.049 15.716 -15.714 

8 Shear stress(YZ-

plane)(MPa) 

18.782 -14.951 22.987 -20.758 

9 Shear stress(XZ-

plane)(MPa) 

7.9689 -11.263 7.7133 -8.2444 

10 Equivalent Elastic Strain 0.0006339 9.229x10-10 0.00027522 9.4117x10-9 

11 Total deformation(mm) 0.042026 0 0.019674 0 

12 Directional 

Deformation(X-

Axis)(mm) 

0.0027978 -0.0025271 0.0010904 -0.001067 

13 Directional 

Deformation(Y-

Axis)(mm) 

9.0403x10-7 -0.042009 3.5979x10-7 -0.019644 

14 Directional 

Deformation(Z-

Axis)(mm) 

0.0020011 -0.0020014 0.00093861 -

0.00094187 
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Form the above table: the stress, deformation and strain results of aluminum alloy7068 T6 

and Carbon steel C40 are different output in the two materials in different dimension of 

connecting with FEA. The maximum Equivalent (Von-misses) stress values occurred in 

the aluminum alloy7068 T6the value of 49.159 MPa and the minimum value of 

0.0011763. Equivalent (von-misses) stresses value of Carbon steel C40 is 46.176MPa and 

9.4632x10-5MPa larger and lower value respectively. Normal stress analysis is larger 

value occurred in aluminum alloy 7068T6, but carbon steel c40 material value is lower 

than aluminum alloy material. 

Maximum total deformation of connecting rod induced in aluminum alloy 7068T6 with 

value of 0.042026mm 

Fracture Mechanics Approach (Crack) for Aluminum Alloy 7068T6 

 

Figure5. 1: Connecting Rod with Crack Mesh 

In the above figure5.46  illustrates the meshing size of connecting rod within 1.5 mm and 

the crack size meshed with0.5mm in the shank section of the connecting rod in the size of 

the crank is 5mm in the major diameter of semi elliptical size and 4mm in the minor size 

of semi elliptical size of connecting rod. 
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Figure5. 2: Cracked In Shank Section 

 In the above figure 5.47: shows the cracked in shank section of the connecting rod semi- 

elliptical shape. 
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Figure5. 3: Stresses Intensity Factor (SK1) 

From the above graph red color is shown maximum value of stresses intensity factor 
occurs &blue colors show minimum SIF values at the edge of the semi-elliptical region. 
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Figure5. 4: Stresses Intensity Factor (SK1) 
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Figure5. 5: Stresses Intensity Factor (SK2) 

 

 

 

Figure5. 6: Stresses Intensity Factor Graph (SK2) 



90 
 

In the above stresses intensity factor graph 5.51: shows the maximum value of 

0.3954MPa/mm0.5 and the minimum value of -2.308MPa/mm0.5. The minimum value 

occurs in the edge of semi-elliptical shape. 

 

 

 

Figure5. 7: Stresses Intensity Factor (SK3) 

In the above figure 5.53: illustrates the stresses intensity factor the maximum value 

of4.1882MPa/mm 0.5 and the minimum value of -3.202MPa/mm 0.5 
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Figure5. 8: Stresses Intensity Factor Graph (SK3) 

 

 
































