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Abstract— Connecting rod is one of the most important component in engine which is subjected to high stress and repetitive 
loadings. In this paper we are going to study the effect of various loading condition on connecting rod. We will be using two 
loading condition one will be incremental loading condition and other will be fully reverse loading. Effect of this parameters 
will be studied with the help of change on plastic and elastic strain. Since our problem will be in nonlinear material only stress 
results will not be sufficient, strain will be play an important role in this. For full reverse loading we have observed that there 
is recovery in the material property where as in incremental loading there is deterioration in it. Thus we can conclude that if 
there is deterioration in material there will be significant change in the life of component.   

 
Index Terms— Connecting rod, Hysteresis loop, Elastic Strain, Plastic strain.  
 
I. INTRODUCTION 
 
The internal combustion engine connecting rod is one 
of the most vital parts of the engine .Connecting rod is 
the intermediate link between the piston and the 
crank. It is responsible for the transmission of push 
and pull from the piston pin to crank pin, there by 
converting the reciprocating motion of the piston to 
rotary motion of the crank. It is subjected to various 
complex loads due to gas pressure and the inertia 
forces of the reciprocating parts. The stresses induced 
into the connecting rod due to the thrust and the pull of 
the piston are bending stresses, tension and 
compression in the axial directions. The connecting 
rod should be able to withstand these forces in adverse 
environmental conditions. The design and the weight 
of the connecting rod influence the performance of the 
engine.  Honda Company had already started the 
manufacturing of aluminum connecting rods 
reinforced with steel continuous fibers.  These 
modifications in engine elements will result in 
effective reduction of weight, increase of durability of 
particular part, which in turn will lead to decrease of 
overall engine weight, improvement in its traction 
parameters, economy and ecological conditions such 
as reduction in fuel consumption and emission of 
harmful substances into atmosphere 
 
II. METHADOLOGY 
 
First the basic study of designing method and 
manufacturing process for connecting rod were 
thoroughly studied from various handbooks and 
journals. This will include design of connecting rod 
under load condition and fulfilling safety norms. Also 
it will help in understanding problems that arrived 
while maintenance and its remedy by varying design 
of assembly part. Those concept were applied to 
existing con rod which is part of existing system. By 

applying Boundary conditions various result like 
displacement stress and strain were obtained. This 
results were the baseline and for further compression 
it is used. Analysis were made in Ansys. Now steel is 
replaced by Aluminium. Same boundary conditions 
were applied and results were obtain for Aluminium. 
A comparative study was done between Steel and 
Aluminium. All this analysis will be done by using 
both Tetra and hex elementFinal Stage 
 
III. HARDENING 
 
Practically when a material is loaded beyond yield the 
grain structures within the materials will be altered, 
and since yield limit is a property based on the grain 
structure, an altered grain structure will in turn alter 
the yield limit. In plastic response, this behavior of the 
material of altering yield limit can be modeled chiefly 
in two ways.  They deal with how the yield limits get 
affected as the material is loaded beyond it. These 
models are termed as 'Hardening Rules' 

 
Bilinear Kinematic Hardening (BIKN) 

In BIKN cyclic hardening, yield in 
compression is decreased by the amount that the yield  
Stress in tension increased. So the difference between 

these two yield points is always maintained. This 
hardening is called kinematic hardening. Most metal 
exhibit kinematic hardening behavior   for small strain 

cyclic loading. Brittle material is most suitable 
material for BIKN hardening. 

  
Figure (2): Bilinear Kinematic Hardening (BIKN).[2] 
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Bilinear Isotropic Hardening (BISO): 
In BISO yield surface expands uniformly is tension 
and compression during plastic flow. Subsequent yield 
in tension is equal to yield in compression. Ductile 
material is most suitable material for BISO hardening.  

 

 
Figure (3):BilinearIsotropic Hardening (BISO).[2] 

 
Hysteresis Loop: 
Hysteresis is basically defined as energy dissipation 
due to nonlinear material response under the cyclic 
loading condition. Usually this energy is dissipated in 
the form of heat as a result of internal friction between 
atoms at micro level in structure. Hysteresis causes 
degradation in material as a result strength of material 
is gradually reduced. 
A cyclic stress generates a strain in these materials 
which is cyclically variable and in phase with the 
stress. Plasticity is always present and very fine 
measurements are required to detect it. As a result of 
inelasticity, a phase shift occurs between strain and 
stress. In stress-strain coordinates, the geometrical 
locus of operational point becomes a closed loop, 
known as hysteresis loop.  
Hysteresis loop size and its configuration usually 
evolve in time. There are materials for which cyclic 
stress results in hardening, there are others that grow 
softer, and others - the cyclic stress characteristics of 
which do not change .For many metallic materials 
hysteresis curves are approximately symmetrical. For 
polymeric and composite materials, these are 
generally asymmetrical. Until stable, the hysteresis 
loop may shift. For every cycle, the stress coordinate 
may either increase, resulting in cyclic hardening, or 
decrease, resulting in cyclic softening. 
 

  
Figure (4):Hysteresis Loop.[5] 

 Nomenclature: 
ε: Strain      
σ:Stress 
Δε:Total Strain 
Δεe:ElasticStrain 
Δεp:PlasticStrain 
Δε=Δεe + Δεp 
Δσ:Stress Gradient 
E:Young’s Modulus 
 
IV. FINITE ELEMENT ANALYSIS 
 
‘Finite Element Analysis is based on the fact that an 
apparent solution to any complicated engineering 
industry related problems can be solved by 
subdividing the problem into smaller segments and 
into more convenient elements. By using finite type 
elements we can reduce complicated partial 
differential equations able to describe the structural 
behavioral into a set of linear equations, which can be 
solved by application of standard techniques of matrix 
algebra.FEA solutions are approximate solutions. The 
displacement derived by FEA is lesser than exact 
values. Hence it is desirable that as the finite element 
analysis, mesh is refined, the solution approaches to 
exact value. Mesh refinement achieved by decreasing 
the element size. 
Plastic deformation starts at very small region, mesh 
refinement is mandatory otherwise results are not 
approached to the required level of accuracy. Also 
mesh flow should be uniform through high stress 
region.  
Key features of the finite element analysis (FEA) 
performed in ANSYS mechanical workbench 14.5 is: 

1. Type: Transient – Structural coupled FEA 
2. Elements: 2nd Order hexahedron elements  
3. Non-linearity: Material  non-linearity ( BISO) 

 
Meshing: 
The system of interest is first discretized into 
elements; in this case, the elements are second order 
hex dominant. The corner vertices and mid side 
vertices of these hexahedron elements are called 
‘nodes’ and are the discrete points where the value of 
interest is solved. In this study we have used 2nd Order 
hexahedron elements with 2.5 mm element size. Hex 
elements have better results than tetra element due to 
its high stiffness properties. In this analysis mesh flow 
is very important role in results; it is easily achieved by 
ANSYS workbench tool. 

 

 
Material non-linearity: 
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Linear material properties such as, Young’s modulus 
of elasticity ‘E’ and Poisson’s ratio ‘µ’ of structural 
steel are used in analysis. In this study we are using 
Bi-linear isotropic hardening material modeling 
(BISO) by defining yield stress and tangent modulus 

 
Table (1): Material Properties of  Steel 4340 

 
 

As connecting rod is made from Steel 4340 so it is 
basically ductile in nature and the hardening response 
of ductile material follows bilinear isotropic 
hardening trend (BISO). That is why we follow BISO 
trend for it. 
 
BOUNDARY CONDITION: 
Connecting rod is subjected to both . But this load is 
applied at inner side of small end eye, which is 
distributed as a cosine distribution. This distribution 
occur because of contact non-linearity. In order to 
accommodate this , separate shaft were place at both 
end. While applying load one shaft was kept fix and 
other is applied with either compressive or tensile 
load. For our applicationMaximum load that is to be 
applied was 12500 N tensile load and 40500 N as 
compressive load for both steel and aluminum were 
finally analyzed at this load. 
 
V. RESULTS  
 

 
Total deformation after application of 5400 N 

 
Max stress after application of 5400 N 

 
Average mesh size is 3mm. At location of high stress 
fine mesh of element size 1mm was used to get smooth 
couture plot of strain. 
 
Reverse loading 
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A load of 5400 N was applied in reverse cycle was 
applied and variation of elastic strain for cyclic load 
was obtained. 
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Reverse load of 5400 N 

 When a connecting rod is subjected to reverse 
loading of 5400N it produce a stress of 884 MPa 
which is higher than yield point. This indicate that 
component will follow nonlinear behavior of 
stress-strain. If we look at loading graph we can see 
that at the end of 1 sec component is fully loaded 
and at the end of 2 sec it is completely unloaded.  At 
the end of first loading cycle we can observe elastic 
strain is 0.0015901 mm and plastic strain is 
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0.0039246 mm. After first cycle we have reversed 
the loading condition for which elastic and plastic 
strain was 0.0010153 mm and 0.0014584 mm 
respectively. If we look at this value we can see that 
after reverse loading there is reduction in elastic 
strain this show that there is some recover of stain in 
component. Similarly we can see reduction in 
plastic strain value 

20 % increase in load 
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Nature of loading. First two cycle are of 4500 N and 
last cycle is of 5400 N. 
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In this case we will be having three load case out of 
which two will be identical and third on will have 20% 
increase in load. For first two cycle we can find that 
value of strain are same. Hence we can say that if we 
have repetitive cycle of loading there will be no 
change in strain value. This is because load are such 
that they don’t produce sufficient stress to make this 
component go beyond yield point. If stress produced is 
within elastic limit it will follow same path on stress 
strain curve resulting in reproducing same result 
again. In third load step we have increased loading by 
20% at this point stress produced will go beyond yield 
resulting in nonlinear behavior of component. For this 
third cycle we can see that elastic strain have been 
increased similarly plastic stain have also increased. 
This indicate that there is degradation of material 
properties. 
 

CONCLUIONS 
 
From this study we can say that for unidirectional 
increasing load we can see that material continue to 
degrade its material property where as in reversible 
loading condition there is some recovery of this 
properties.  
We can easily predicted hysteresis for any  real life 
practical structural component by using FEA and we 
can also evaluate degradation in structural strength of 
particular component by using hysteresis loop and on 
the basis of this data we may able to predict the fatigue 
life of particular component at the end of particular 
number of cycles. 
 
REFERENCES 

 
[1] ARTHUR P.BORESI, RICHARD.J.SCHMIDT, Advance 

mechanics of material John Wiley &Sons, INC. 
[2] ANSYS Customer Training Material. ANSYS Release 13.0. 

ANASYS, Inc.;2010 
[3] Gheorghe FRUNZA, Emanuel N. DIACONESCU. 

Hysteresis and mechanical fatigue. FASCICLE VIII, 
2006(XII), ISSN 1221-4590. 

[4] Kelly. Solid Mechanics Part II Section 8.6 
[5] www.fea-optimization.com 
[6] Venu Gopal Vegi, Leela Krishna Vegi “Design And Analysis 

of Connecting rod using forged steel” International Journal of 
Scientific & Engineering Research, vol. 4, Issue 6, June 2013.  

[7] Vikas Gupta ,Om Prakash, Vinod Mittal “Optimizing the 
Design of Connecting rod under Static and Fatigue Loading” 
International journal of Research in Management ,Science & 
Technology(IJRMST) vol. 1, No. 1, June 2013.  

[8] Ramanpreetsingh “Stress Analysis of Orthotropic and 
Isotropic connecting rod using Finite Element Method” 
International Journal of Mechanical Engineering and 
Robotics Research vol. 2, No. 2, Aprl 2013.  

[9] Kuldeep B , Arun L.R , Mohammed Faheem “Analysis and 
optimization of connecting rod using ALFASiC composites” 
International Journal of Innovative Research in Science , 
Engineering and Techology(IJIRSET) vol. 2, Issue 6, June 
2013. 

[10] Chapter 6 ‘Fatigue Faliure Theory’ of Machine Design Third 
Edition by Robert L. Norton 

[11] Y. M. Yoo, E. J. Haug and K. K. Choi, “Shape optimal design 
of an engine connecting rod”, Journal of Mechanisms 
transmissions and automation in design, Transactions of 
ASME, vol. 106, (1984) pp. 415-419.  

[12] S. Serag, L. Sevien, G. Sheha and Beshtawi, “Optimal design 
of the connecting rod”, Modelling, simulation and control, 
AMSE Press, vol. 24, no. 3, (I989), pp. 49-63. 

[13] V. Sarihan and J. Song, “Optimization of the wrist Pin End of 
an automobile engine connecting rod with an interference fit”, 
Journal of Mechanical Design, Transactions of the ASME, 
vol. 112, (I989) pp. 406-412.  

[14] C. L. Pai, “The shape optimization of a connecting rod with 
fatigue life constraint”, Int. Journal of Materials and Product 
Technology, vol. 11, no. 5-6, (1996), pp. 437-468.  

[15] S. Ishida, T. Kinoshita and A. Iwamoto, “Development of 
technique to measure stress on connecting rod during firing 
operation”, SAE paper no. 951797, pp. 1851-1856. 

[16] R. Rabb, “Fatigue failure of a connecting rod”, Engineering 
Failure Analysis, vol. 3, no. 1, (1996), pp. 13-28.  

[17] F. Folgar, J. E. Wldrig and J. W. Hunt, “Design, Fabrication 
and Performance of Fiber FP/Metal Matrix Composite 
Connecting Rods”, SAE Technical Paper Series (1987), no. 
870406.  

[18] B. Balasubramaniam, M. Svoboda, and W. Bauer, 
“Structural optimization of I.C. engines subjected to 
mechanical and thermal loads”, Computer Methods in 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,    Volume- 4, Issue-11, Nov.-2016 

Hysteresis Analysis of Connecting Rod Using FEA Techniques 
 

45 

Applied Mechanics and Engineering, vol. 89, (1991) pp. 
337-360. 

[19] Pai, C. L., 1996, “The shape optimization of a connecting rod 
with fatigue life constraint,” Int. J. of Materials and Product 
Technology, Vol. 11, No. 5-6, pp. 357-370.  

[20] Serag, S., Sevien, L. Sheha, G. and El-Beshtawi, 
I.,1989,“Optimal design of the connecting-rod”, Modeling, 
Simulation and Control, B, AMSE Press, Vol.24,No.3, pp. 
49-63. 

[21] Yoo, Y. M., Haug, E. J., and Choi, K. K., 1984, “Shape 
optimal design of an engine connecting rod,” Journal of 
Mechanisms, Transmissions, and Automation in Design, 
Transactions of ASME, Vol. 106, pp. 415-419.  

[22] El-Sayed, M. E. M., and Lund, E. H., 1990, “Structural 
optimization with fatigue life constraints,” Engineering 
Fracture Mechanics, Vol. 37, No. 6, pp. 1149-1156.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 


