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Abstract-The automobile engine connecting rodhigh volume production critical component. Everhiate that uses an internal
combustion engine requires at least one conneaithg-rom the viewpoint of functionality, connegtirods must have the highest
possible rigidity and fatigue strength at the lowwesight. Due to its large volume production, itiste logical that optimization of

the connecting rod for its weight or volume wilkudt in large-scale savings. It will also achiekie bbjective of reducing the

weight of the engine component, thus reducing iméotads, reducing engine weight and improving Baegierformance and fuel

economy. The major stress induced in the connectidgs a combination of axial and bending stregsegperation. This paper

deals with the stress analysis of connecting rabgardelines for its finite element simulation. Tdefinitions of critical load cases

and the High Cycle Fatigue (HCF) have been explaiRathlly it has been concluded that the connectodydesign can be

optimized using Finite Element Methods (FEM) foglicycle fatigue.

Index Terms- Engine Connecting Rod, Fatigue Analysis, StrengtHuztmn.

1. INTRODUCTION

advanced engineering systems, and therefore tHeatim

The auto industry faced with the growing challenges of the FEM has multiplied rapidly.

fulfill ever growing demands of today global cusemnwhich
puts a great pressure on the automotive R&D &drgineers
to develop a critical component in the shortessjibs time

2.LITERATURE REVIEW

to minimize the launch time for new products. Thidor the current study, it is necessary to invegidailure

necessitates the understanding of the new techieslay
quick absorption of the development of the newedpcts.
The main objective of this research work is theigtes
evaluation of automobile connecting rod using FE¥High
cycle fatigue strength. The main concern is to quenf
structural dynamic analysis of the connecting rodctoss
check its failure by FEA. The pre-processing andlysis is
performed using high end latest software. The caotimg rod
is under tremendous stress from the reciprocatoag |
represented by the piston, actually stretching aethg
compressed with every rotation, and the load irs@gdo the
third power with increasing engine speed. The cotimg rod
is subjected to a complex state of loading. It ugdes high
cyclic loads of the order of £Go 1@ cycles, which range
from high compressive loads due to combustion, it h
tensile loads due to inertia. Therefore, durabilitfy this
component is of critical importance. In the past flecades,
the Finite Element Method (FEM) has been develdptda
key indispensable technology in the modeling antukition
of various engineering systems. In the developnoéran
advanced engineering system, engineers have tougagh a
very rigorous process of modeling, simulation, gl&ation,
analysis, designing, prototyping, testing and fipal
fabrication. As such, techniques related to modelmd
simulation in a rapid and effective way play anr@asingly
important role in building

modes of connecting rods, finite element modelaaiphiques,
optimization techniques, developments in production
technology, new materials, fatigue modeling, and
manufacturing cost analysis. This literature surveyiews
some of these aspects. Failure of a connectingsrotie of
the most common causes of catastrophic enginerdailu
causing irreparable engine damage.

Vatroslav Grubisic (2004) found that componentufial
due to fatigue arises due to improper material ctiele,
fabrication defects, improper heat treatments, gifesirors
and unexpected operating conditions. Failure obraotive
component due to fatigue contributes to 24 %.

Mohammad Reza Asadi et al (2009) Performed detailed
load analysis for a connecting rod followed byténélement
method.in order to calculate stress in connectiag the total
forces exerted connecting rod were calculated lagd it was
modeled, meshed and loaded in ANSYS, software. The
maximum stresses in different parts of MF-285 cating
rod were determined. The maximum pressure stress wa
between pin end and rod linkages and between featip
and connecting rod linkage. The maximum tensilesstwas
obtained in lower half of pin end and between pid and rod
linkages.

Xianjun Hou et al (2009) Conducted sensitivity gs&
and optimization based on the combination of
Pro/MECHANICA and ANSYS for designing of the
connecting rod of LJ276M electronic gasoline engifiee
maximum stress of connecting rod on the largesfpcession
condition was reduced by 4.9% after the optimizatieas
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applied, static intension safety coefficient wasréased by
5.4% and mass of connecting rod was also reduced.
Zhou Qinghui et al (2010) Discussed that it isidifft to
describe the dynamic changes of boundary conditdrike
running engine by the traditional method of simfilyite

stroke petrol engines was taken for the study. dper finite
element model was developed using cad softwareEPro/
Wildfire 4.0. Then static analysis is done to deti@ee the von
misses stress, shear stress, elastic strain,defatmation in
the present design of connecting rod for the gileaing

element analysis. In order to obtain the vibratiomonditions using ANSYS v 12. Based on the obsemmatof

characteristics and vibration frequency distribogio
structural characteristics of the connecting rocchagism
using modal analysis is investigated. Firstly, ggital model
of connecting rod mechanism is built using CAD safte.
Secondly finite element analysis and simulatiothef model
is taken by Hyperworks and MSC. Nastran softwarEfen
its flexible multi-body dynamic model is establishéy

the static FEA and the load analysis results, tlag for the
optimization study was selected. The results wis@#sed to
determine of various stress and the fatigue maxeketused
for analyzing the fatigue strength. Outputs of fhdgue
analysis of include fatigue life, damage, factosafiety, stress
biaxiality indication.

Ramanpreet (2013) conducted simulation on a maidel o

ADAMS/View. And the fatigue stress of connectingdro connecting-rod of a single cylinder four stroke ierg The
under the max combustion pressure and Inertia forceain objective of his paper was to develop a nesight for

condition is calculated using the durability Modulée result
indicates the stress distribution and deformatisteince. The
stress is mainly produced on the joint of connectid shell
and the bottom end or the top end. And the biggasts
acting on the connecting rod is just 34.0613 MPRa)ye
smaller than its limited stress 355 MPa. The methradides

the use of composite material in connecting rodsitd~
element analysis was done to compare the convettion
isotropic material and the orthotropic compositetanal.
Modeling of connecting rod was done using softwa#d 1A
V5 and for stress analysis it was imported to M@J RAN.
Linear static analysis was carried out for bothtriguic

the theoretical evidence for connecting rod stméctu material and orthotropic composite material withseo

improvement and optimum design.

obtain the stress results. Comparison of both thenal was

Based on the combination of modal analysis tectyylo done, keeping the boundary conditions same for both

and finite element method (FEM), the 3D model dfiesel
engine’s connecting rod was established with UGwsog,
and then a free modal analysis of it was carriet vaith
ANSYS. Through the analysis, the inherent frequesieind

materials.

2.1 PROBLEM FORMULATION

mode shapes of first 5 order modes were obtaingflhas been observed from the literature, thatmoeth has

respectively. The free modes of the connecting wede
verified by testing using hammer beat method (Shaong
Jiang and Wen Bing Yan, 2011).

Chang Ping Zouet et al (2012) found that the cotimgc
rod of a certain type of continuous mill producedokle &
could not work, thus hindering the production. Tehghors
entrusted with the 3D Finite Element Analysis (FEoA)the
connecting rod utilizing the large scale Integrabebign
Engineering Analysis Software, I-DEAS. The authfonsnd
the solution of several kinds of law of stressribisttion and
deformation, and reached valuable conclusions.

Wenzhe Chen et al (2012) Investigated the conrgpetid
design and optimization of the engineering clampgea
based on metamodel. The structure of the clampérnaand
the working load status of the connecting rod whinstly
analyzed. Then the metamodel theory was applieth¢o
connecting rod design and optimization: The metahod
the connecting rod was set up in Solid Edge, aedi#sign
factors were signed as function-based parametétts their
geometrical relation changeless. Finally, keepihg fine
strength security and stability, the structurehaf tonnecting
rod was optimized. The presented research in thjgep
offered a new reference and thought for the hadegsign and
improvement.

Suraj and Sunil (2012) evaluated the design paennef
connecting rod using FEM to achieve suitable dedan
connecting-rod. Finite element analysis of singlender four

been reported about the design evaluation of cdimgemd

using FEM for high cycle fatigue strength. Thers baen a

lot of research done on finite element analysisafnecting

rods, but the research regarding the design evatudt

optimization of connecting rod for high cycle fat@strength

is missing. So this research has been plannedvelaje a

systematic procedure to evaluate the design ofhaexing

rod using FEM for high cyclic fatigue strength. Tdtgectives

of this research work are:

» To develop a geometrical model for connecting rethgi
cad software.

» To investigate the stress analysis of connectingusing
FEM simulation.

 Design evaluation and optimization through investitg
the maximum stress of connecting rod using above
mentioned software.

3. MESH GENERATION

The finite element method (FEM) is by far the mogtely
used method for performing the structural analysis an
accelerated design exploration, approximation tegles
such as surrogate models, reduced order models, and
reanalysis methods, which are reviewed in, shoaldded to
reduce the computational effort while keeping daierlevel
of accuracy.

A typical connecting rod is plane or point symnetri
Usually a half or sometimes even a quarter modafs e

460



International Journal of Research in Advent Technology, Vol.2, No.5, May 2014
E-1SSN: 2321-9637

sufficient, but if connecting rod is not symmettieen full
assembly has to be considered. Fig.3 Mesh Generation (case-3)

From experience, the critical areas of the conngatod
are known to be the areas where there is a suduege in
the profile of the geometry. Additionally, the ragliaround

Following procedure is recommended for constructing
elements: First create critical area with symmegtangular
; S shell elements. Element Morphing is done using imgsh
the gtem close to the big enq a”F’ the transitidiusaof the software, in this critical area and Hexa elemen¢scaeated
bearing cap must be kept in mind. Hence these amas along the symmetric plane. Tetrahedrons are pratibge

me;heq with a fme mes.h and a high mesh. quality ﬁ)litting Hexa elements which are to be transfeafestwards
maintained and their mass is connected to the abingerod into parabolic element

body at its local COG by using a mass element derwto
simulate the exact inertia forces.

Different mesh sizes in depth are taken for indiaid
variants in 3 different cases to explain meshiritepa.

Case 1. Surface elements with uniform size (3 ramd 3
column) taken and then using automatic tetra mesintand,
mesh is generated

3.1 STRUCTURAL ANALYSIS

The main target of a general connecting rod strattiesign
is to achieve the required fatigue safety to avtsdailure
under the mass and gas forces acting on it whitpikg the
rotating and oscillating mass to a minimum. A highe
oscillating mass leads to a higher tensile stragh® stem of
the connecting rod during the gas exchange phagecam
lead to failure. Also, a higher tensile force caad to a
relatively higher ovalization of the big end, besawf a
combination of all these factors, the choice oflte cases
for the structural analysis needs careful attention

Experimental procedure involves modeling of coningct
rod using CAD software. Static analysis of conmagtiod is
done using cad analysis software in order to utaledsthe
fatigue locations in connecting rod. The maximuadacting
on connecting rod was calculated analytically. Tdas thus

fig.1 Mesh Generation (case-1) calculated was used as an axial tensile forceearttall end in

Case 2. Surface elements are same as explaindmbve a order to do perform static analysis of connectiad. rThe
case (3 rows and 3 columns) but uniform tetramesh transition zone between small end and shank wastsel for
generated along the depth. Mesh is uniform aloagsthiface  this study. The force acting on the small end einezting rod
and also along the depth is a combination of gas forces and inertia forces.
3.2 Load Cases

In the first step of the structural analysis th#& petension
force is applied. Based on bolt dimension, streng#ss
information, thread pitch and friction coefficiewn the
mating surfaces and assembly torque (and its tades) an
initial estimation of the bolt force variation ialculated. The
assembly of the connecting rod bolts is generalBldy
controlled. The minimum and maximum bolt forces ased

Coniihous mnesh sizedi.dept g in the analysis of connecting rod; the minimum ¢ontact
evaluation (contact opening between cap and commgercid)
Fig.2 Mesh Generation (case-2) and the maximum for HCF analysis as the high pssb&rcan

Case 3.0nly two element rows was used to generas mlead to a higher mean stress resulting in failwenewith a
along the depth, i.e. coarse mesh pattern is @aidulated elative small amplitude stress.

safety factors are against fatigue failure withstant stress S given that:
ratio R method. » Engine speed at maximum torque =875 rpm

» Engine speed at maximum power =1875 rpm
» Engine speed at maximum over speed = 2600 rpm

Gas, Inertia and Resultant Load has been calculstied
the following graphed generated by experimental and
empirical data.
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g. 4 Calculation of Gas, Inertia and Resultarad.o

So, following 6 load cases for FEA are considered:
Load case #1: bolting pre load, contact definition; Based on stresses and considering influence ofstgps

clearances, over sizes.

Load case #2: Mass forces (gas exchange T.D.C)
1375 rpm.

Load case #3: Mass forces (gas exchange T.D.C)

Under this condition, it can cause a permanentrdeftion in
the connecting rod in each cycle where the yieldnsfth is
exceeded causing its structural failure.

4.HIGH CYCLE FATIGUE

The following procedure is followed for evaluatiohhigh
cycle fatigue (HCF) behavior:

* The load cycles oscillating masses and oscillating
masses in combination with gas pressure were
calculated for engine speed at max. Torque and max.
Power output.

* In each case from the two load cases the mean and
alternating stresses were calculated by the FEM
software.

gradient, surface roughness, etc., FEM softwareutates
atwo different safety factors against alternatingsses for
every node of the FE-model:

3

3250 rpm (rated speed). . - Gem s ==
Load case #4: Mass forces (gas exchange T.D.C) ¢ & - s

3600 rpm (over speed). Bl o :

Load case #5: Gas and mass forces (ignition T.BXC) g o= _ < r ™o
1375 rpm. o™ SSNEEDLN
Load case #6: Gas and mass forces (ignition T.BLC) oom fen e o T
3250 rpm (rated Speed)' Stress ratio R = const Mean stress g, = const
Load case combination 1 for HCF analysis at 1375 ' " ]
rpm: load cases #2 and #5

Load case combination 2 for HCF analysis at 3250 Fig.4 Calculation of factor of safety

rpm: load cases #3 and #6

3.3 Boundary Conditions.

Applied material for connecting rod is C70S6.
A typical surface roughness is assumegrs0

The resulting alternating load from the structarzdlysis is
below the yield stress and therefore fracture megumany
load cycles in the order of 16r more. Areas typically critical
with regard to HCF are connecting rod stem or trebsse to
the transition radius. The most damaging combinatid

The maximum bolt pretension is critical for HCFmean and alternating stress occurs when they dnetdaasile.
behavior and the minimum pretension is critical forf he lower stress level is determined by the gakange cycle
contact behavior. Maximum bolting pre load 50 KNwhen inertia loads result in tensile stresses. tRerupper

and minimum bolting pre load 44 KN. stress level, the combination of inertia and ga&sgure acts
Constant temperature close to the maximum ofin the connecting rod.

temperature is assumed. The FEM software is used for the durability evaluatin
All the contacts with the rotating between slidingcase of an elastic FEA where the linear but tentpera
parts are assumed small sliding. dependent material properties are used, the stoesgrsion
Modulus of Elasticity 21500 N/mfm in the locations of local yielding is consideredthwithe
Poisson’s Ratio 0.29 Neuber’s stress correction formula. To calculate lical
Density 7.82 kglchh material strength, influence factors such as sarfaaghness,

With the above boundary conditions and appropriatgiress gradient, mean stress, isothermal temperatnd
material properties (linear or non-linear dependimgthe Statistical factors are taken into account withpees to the
availability of the measurement data), the stradtanalysis FEM software.The safety factor at constant meagsstor
is done for the steps and assuming a constant tetope. constant stress ratio (Rzwer /oupped IS Calculated as the ratio
The stress-strain response provided by this arsalysised to 0f local component strength to local componentssti@and a
predict high cycle fatigue (HCF). target value of based on statistical data and éqper is

Also, the absolute value of the tensile and congives specified for product release.
stress should not exceed the material yield streegen  Although HCF can be strongly influenced by locaside
under the extreme load case of knocking or irrggiifng.  modifications or by material change, the enginegrin
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challenge is to find a solution which is cost-efifeg,
exploiting the material strength under predefinedding
conditions. Hence, for such a complex shape, aonzattc
shape optimization is recommended.

5.RESULTS

During analysis, the following results have beetawted
in form of calculation of factor of safety and maxim / mean
stresses. It is necessary to ensure that minimatorfaf
safety is required to be 1.50. Wherever, its lexsne
structural change to the geometry of connecting i®d
required so as to reduce the stresses and impneviadtor of
safety. Fig. 7 depicts HCF behavior at load casebioation
at 1374 rpm with mean stress constant. Fig.8 depi@F
behavior at 3250 rpm with mean stress constante,Hér
needs attention to modify the geometry of conngatid as at
a particular point near big eye end, factor of salfias fallen ~ The following conclusions are drawn from high cycle
below 1.5, thus indicating possible failure. Figepicts HCF  fatigue behavior of connecting rod:

behavior through alternate stresses and meanesdras8250
rpm. » Mean and alternating stresses calculated for thaexing

rod are on a moderate level.

» Resulting factors of safety are uncritical at shaofk
connecting rod. The required minimum factor of safe
1.5. The occurring minimum is 1.71 at the connectio
between shank and big end.

* From the work carried out during this researchsit i
concluded that complicated mechanisms can be dietlla
The results obtained are logical and can be used to

improve or modify the parts, shapes and performarice
the whole system.

 In order to achieve results that are reliable whsing the
finite element method one has to use an accepéddnieent
mesh with respect to the shape and size of theesismAs
a help to produce an acceptable mesh there aréyqual
criteria that must be fulfilled.

Fig.8 HCF behavior at 3250 rpm (stresses)

5. CONCLUSIONS

Fig.6 HCF behavior at 1375 rpm (factor of safety)
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