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ABSTRACT 

The automobile engine rod may be a high volume production important element. The rod is that 

the intermediate member between the piston and therefore the shaft. Its primary perform is to 

transmit the push and pull from the piston pin to the crank pin, therefore changing the 

reciprocatory motion of the piston into motion of the crank. Each vehicle that uses an indoor 

combustion engine needs a minimum of one rod. Rod is subjected to additional stress than 

alternative engine elements. This paper presents the modeling and analysis of rod through 

engineering analysis idea with the assistance of CAD and CAE technique. Numerous outcome 

parameters are flowed out from the analysis and listed in this worked out paper. 
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INTRODUCTION 

Product development is a crucial space for analysis work of a producing business. It starts with 

customer’s demand and ends with satisfaction of utilization of the merchandise. Targeted on this 

information, this paper has been taken automobile space for analysis work. One major part of the 

IC engine is that the connecting rod modeling. Supported to various aspects and vital parameters, 

the work has been applied and CAE analysis output presents in line with engineering purpose. 

Sonsino
[1] 

 delineate the utilization of finite part analysis to style a rod victimization engine 

information and materials property. Whereas Nishino et al.
[2]

 examined a method of predicting 

the shape fixation property by combining free bending test data with finite element method 

(FEM) simulation results. Kang et al.
[3]

 were conferred a paper that contains a comparison 

between the forming processes of sheet hydro forming and traditional stamping for production of 

AN automobile fuel tank employing a business specific FEM code. In the year of 2006 a fully 

three-dimensional thermo-mechanically coupled FEM-simulation of the production of a 

connecting rod had been performed by Grass et al [2006]
[4]

  and an evaluation procedure for the 

buckling of a connecting rod via finite element analysis (FEA) was presented by Lee et al.
[5]

 in 

the year of 2010. An analysis of the various components of the internal combustion engine was 
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published by Khare et al.
[6]

 in their research article. In the research field, the effects of applied 

pressure, pouring temperature and die temperature on the microstructure and mechanical 

properties of connecting-rods fabricated by the semi-solid squeeze casting (SSSC) process were 

investigated by Dao et al.
[7]

. Luri et al.[2013]
[8]

 worked with the design of a set of dies employed 

to manufacture a connecting rod by forging a billet of nanostructured aluminum alloy. 

This proposed paper summarizes sure pointers concerning the employment of the fatigue limit of 

the fabric and its reduction by an explicit issue to account for the forged surface. The study 

conjointly indicates that buckling and bending stiffness area unit vital style factors that has to be 

taken under consideration throughout the planning method. On the premise of the strain and 

strain measurements performed on the rod, shut agreement was found with masses expected by 

inertia theory. 

2    PARAMETRIC  MODEL  

Structural analysis may be a multi-discipline (CAE) tool that analyzes the physical behavior of a 

model to higher perceive and improve the mechanical performance of a style. It will be 

accustomed directly calculated stresses, deflections, so to predict the behavior of the planning 

within the universe. 

The  perform of the rod is to transmit the thrust of the piston to the rod. Connecting rod (Fig. -1) 

has three main zones. The piston pin finish, the middle shank and the massive finish. The piston 

pin finish is that the little finish, the crank finish is that the massive finish and also the center 

shank is usually created from I- cross section. Rod may be a pin articulated strut during which a 

lot of weight is targeted towards the large finish. 

    

      Fig. 1 :  Connecting rod zones                      Fig. 2 : Orthographic view of connecting rod 
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Material selection is the prime factor for any design phase. Here two material have been tested 

differently whose material properties are described in table-1. 

 

Table 1 : Material properties  

Sl no. 
Material 

properties 

Values for mechanical 

properties of C-70 steel 

Values for mechanical properties 

of cast iron 

1 
Modulus of 

elasticity 
2.1e5 MPa 1.78e005 MPa 

2 Poisson ratio 0.266 0.3 

3 
Ultimate tensile 

strength 
1272 Mpa 

Tesile strength : 

100 to 200MPa; 

Compressive strength : 

400 to 1000MPa 

4 Density 0.00000785 Kg/mm
3
 7.197 e-006 Kg/mm^3 

 

2.1   MODEL  ALGORITHM : 

 Choose X-Y plane as the basic drawing area. 

 Open sketcher, draw the sketch of the basic connecting rod. 

  Trim the parts that are not required. 

 Join all the parts. 

 Apply the pad command and give the thickness as per the requirement. 

 Solid model is ready (Fig. 1). Now save the file in IGES format which will enable easy 

import to any analysis software. 

 For getting the orthographic views on drawing sheet, choose drafting from the start menu. 

 In the drafting interface there appear three views which are used here. Orthographic view 

of connecting rod is shown in figure-2. 

 

2.2  FATIGUE  DESIGN  REQUIREMENT 

Connecting rod is acted upon by gas masses and mechanical phenomenon masses throughout its 

operation. The force embody gas forces owing to combustion and inertia forces owing to its own 

weight. In this purpose of read fatigue is a very important parameter to be thought of for 

estimating the lifetime of the element. The magnitudes of inertia forces square measure constant 

however gas forces square measure varied in nature. Owing to unsteady nature of those forces 

the probabilities of element failure owing to fatigue is incredibly high. Sofatigue is one amongst 
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the many factors to be taken under consideration whereas optimizing associate existing style. 

Fatigue during a element arise owing to the subsequent reasons: 

a) Material defect 

b) Manufacturing defects 

c) Poor detailing of dimensions while designing 

d) Error in load calculation  

 

The failure statics of practical parts has been explained with the assistance of figure-3 and 

therefore the figure provides a plan that the proportion of  failure throughout the biological 

process stages. Part failure thanks to fatigue arises thanks to improper material choice, 

fabrication defects, improper heat treatments, style errors and sudden operative conditions. 

Fatigue is effectively tackled by giving attention to the method parameters. The statistics of 

failure thanks to varied causes are explained by the chart as shown within the figure-4.  

 

    

Fig. 3 : Failure occurrence VS Failure detection line        Fig. 4:  Statistic chart of failure  

 

3   REQUIRED CALCULATION 

 

A set of equations have been used for different calculation a follows: 

 

a) Forces on connecting rod small end     =  Gas forces  - Inertial Forces of piston 

b) Gas force acting on the piston surface   =  Peak firing pressure x 
𝜋

4
 x 𝐷2 

c) Acceleration of reciprocating parts   =  r x 𝜔2 x ( cos 𝜃 + cos ( 
2𝜃

𝑛
 ) ) 

d) Inertia forces of piston   =   𝑚𝑝  𝑋  𝑎𝑝  

e) Total mass of the reciprocating parts   =   0.502 + Mass of the piston assembly                       

                                                                                and Gudgeon pin. 

f) Net force = Gas forces  -  inertia force of reciprocating parts. 

 

( The net force  is applied as axial tensile force at the small end centre of connecting rod.)   
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Where,  

                   D = Diameter of piston 

                   𝑚𝑝 =  mass of reciprocating parts 

                     𝑎𝑝 = acceleration of reciprocating parts 

                     r  =  crank length  

                    n = ratio of connecting rod length to crank length  

 

4     FEM TECHNIQUE AND MODEL ANALYSIS 

The FEM is a numerical analysis technique for getting applicable solution to a large style of 

engineering issues. Finite part technique approximates the sector of variable by a finite series 

growth in terms of linearly analytical functions. This implies that the variable is outlined over the 

entire domin instead of simply at separate purposes as within the grid point methodology. There 

are three main steps within the FEM, namely: Pre-processing phase, Analysis phase and Post 

processing phase.  

The outcome from the FEM analysis (Fig.-5) presents the stress existing at the piston finish of 

the rod is 91.593 MPa and minimum stress happens at the crank finish of the rod is 1.06e-4 MPa. 

Forged iron has been taken as a fabric for rod and therefore the stress values so executed are the 

output results for this analysis. The icon image of the model and analysis are shown within the 

figure-5 during a ordered manner. 

 

Fig. 5 : Mesh and Applied Forces and Constraints, (b) Maximum stress concentrated zone          

               (c) Srain zone (d) Shear stress 

Table-3 : Output result from the analysis : 

Parameter Maximum   minimum 

stress 91.593Mpa 1.06e-4Mpa 

Shear stress 47.764Mpa 5.40e-5Mpa 

Elastic strain 0.000514mm 5.95e-10mm 
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When identical analysis has been done by taking cast steel the outcomes are coming back to 

image as shown in figure-6. This figure shows the mesh generation, stress in coordinate axis and 

overall deformation of the rod once loading. The constant quantity engineering needs are listed 

within the table-4. 

 

Fig. 6 : ANSYS outcome pictures for connecting rod 

Table- 4 :  Output parametric values :    

SL. NO. Nature Max (Mpa) 

 

Min (Mpa) 

1 
Equivalent stress 

 
38.298    4.0317 e 

-9
 

2 
Normal stress(y-axis) 

 
28.088 -15.485 

3 
Shear stress(xy plane) 

 
20.166 -20.183 

4 
Shear stress(yz plane) 

 
0.91522 -0.96534 

5 
Total deformation 

 
0.0025932 0 

6 
Directional deformation (x-axis) 

 
0.0005354 -0.0025925 

7 
Directional deformation (y-axis) 

 
0.0016764 -0.007687 

8 
Directional deformation (z-axis) 

 
0.00013292 -0.0001347 

 

5  CONCLUSION 

The initial solid model was created in style software package and foreign through neutral file 

into ANSYS. This model serves to convey a general plan of the areas of high stress 

concentration and is thus a simplification of the particular rod. The model is created to be 
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symmetric about two axes, whereas the particular rod is simply symmetric about one. Some 

minor options like fillets and bolts were neglected. These simplifications created modeling fast 

and straightforward. The subsequent details are summarized as the conclusion of this project 

work. 

a) Study of FEM in engineering application. 

b) For the solid steel material issue of safety and stiffness is hyperbolic compared to existing 

steel. 

c) The weight of the solid steel material is smaller amount than the prevailing steel. 

d) When compared to each of the materials, solid is cheaper than the prevailing rod material. 
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