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Abstract— The purpose of the connecting Rod to transfer 

Energy from Piston to Crankshaft. The Connecting Rod 

designed by using modelling software PRO E. In modelling 

the time spent in producing the complex 3-D models and the 

risk involved in design and manufacturing process can be 

easily minimised. So the modelling of the Connecting rod is 

made by using PRO E. Later this PRO E model is imported 

to ANSYS for analysis work. ANSYS software is the latest 

used for simulating the different forces, pressure acting on the 

component and also for calculating and viewing the results. 

A solver mode in ANSYS software calculates the stresses, 

deflections, bending moments and their relations without 

manual interventions, reduces the time compared with the 

method of mathematical calculations by a human. ANSYS 

static analysis work is carried out by considered two different 

materials namely aluminium and Stainless steel and their 

relative performances have been observed respectively. In 

this paper by observing the results of both the material 

Aluminium 2024 with tungsten carbide is suggested as best 

material. 
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I. INTRODUCTION 

Connecting rod is one of the most important part in 

automotive engine. Connecting rod is the link between piston 

and crank shaft. Which it converts reciprocating motion of 

piston into rotary motion of crank shaft? In internal engines 

connecting rod is mainly made of steel and aluminum alloys 

(for light weight and absorb high impact loads) or titanium 

(for higher performance engines and for higher cost). As a 

connecting rod is rigid, it may transmit either a push or a pull 

and so the rod may rotate the crank through both halves of a 

revolution, i.e. Piston pushing and piston pulling. Earlier 

mechanisms, such as chains, could only pull. In a few two-

stroke engines, the connecting rod is only required to push. 

 The connecting rod transfers power to the crank to 

be turned to rotational power. A connecting rod can be of two 

types H-beam or I-beam or a combination of both. They are 

used respectively depending on their field of application or 

use. An I-beam is both light weight and strong but the type of 

material used limits its capacity to handle load. Whereas an 

H-beam can handle much more stress without bending. So 

they are used in high power engines. 

 Connecting rods are generally subjected to two types 

of inertia forces, one due to masses and friction induced by 

the reciprocating parts and other, due to the gas load 

generated from combustion process. The small end of the 

connecting rod is provided with a bush of phosphor bronze 

and connected to gudgeon pin. The big end of the connecting 

rod is usually made split into two halves. The split cap is 

fastened to the big end with two cap bolts. The bearing shells 

are made up of steel, brass or bronze with a thin lining about 

0.75 mm of white metal or Babbitt metal. In this subject, 412 

Turbo-Charged air cooled engine’s power intensity ratio is 

0.24, thus piston cooling is necessary .This is achieved by 

piston-cooling nozzles (cooling of piston through a separate 

jet from oil gallery to Dissipate combustion heat and to 

control the piston ring sticking). 

 
Fig. 1.2: Schematic Diagram of Connecting Rod 

II. LITERATURE SURVEY 

There is a vast amount of literature related to Finite Element 

Analysis of weight optimist ion of connecting rod. Many 

research publications, journals, reference manuals, 

newspaper articles, handbooks; books are available of 

national and international editions dealing with basic 

concepts of FEA. The literature review presented here 

considers the major development in implementation of FEA. 

 The connecting rod is subjected to a complex state 

of loading. It undergoes high cyclic loads of the order of 108 

to 109cycles, which range from high compressive loads due 

to combustion, to high tensile loads due to inertia. Therefore, 

durability of this component is of critical importance. Due to 

these factors, the connecting rod has been the topic of 

research for different aspects such as production technology, 

materials, performance simulation, fatigue, etc. 

1) Hippoliti (1993) reported design methodology in use at 

piaggio for connecting rod design, which incorporates an 

optimization session moreover neither the details of 

optimization nor the load under which optimization was 

performed were discussed. Two parametric fe using 2d 

plane stress and 3d approach developed by the author 

were compared with experimental results and have good 

agreements and optimization procedure they developed 

was based on the 2d approach. 

2) Ishida et al. (1995) measured the stress variation at the 

column center and column bottom of the connecting rod, 

as well as the bending stress at the column center. The 

plots, shown in figures 1.5 and 1.6 indicate that at the 

higher engine speeds, the peak tensile stress does not 

occur at 360o crank angle or top dead center. It was also 

observed 8 that the r ratio varies with location, and at a 

given location it also varies with the engine speed. The 

maximum bending stress magnitude over the entire cycle 

(0o to 720o crank angle) at 12000 rev/min, at the column 

center was found to be about 25% of the peak tensile 

stress over the same cycle. 
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3) Hitesh Kumar [6] et al. did analysis of connecting rod 

and get idea of stress producing compressive loading. 

And then give idea about weight reduction opportunities 

in connecting rod of an I.C. engine by examining two 

materials, AISI 1040 carbon steel and AISI 4340 alloy 

steel. This has entailed performing a detailed load 

analysis. Therefore, this study has deal with two subjects, 

first, static load and stress analysis of the connecting rod 

and second optimization for weight reduction and shape. 

Structural system of connecting rod has been analysed 

using FEA. With the use of FEA von-misses stress, 

strain, shear stress, deformity ion, and weight reduction 

etc., were calculated for a part circular loading conditions 

using FEA Software ANSYS WORKBENCH 14.0. The 

same work was done on the same design for other 

different materials. Compared to the former material the 

new material found to have less weight, stress reduction 

and better stiffness. While investigating a connecting rod 

failure that led to a disastrous failure of an engine, rabb 

(1996) performed a detailed fea of the connecting rod. 

He explains as well as modeled the threads of the 

connecting rod, the threads of connecting rod screws, the 

pre-stress in the screws, the diametral interference 

between the bearing sleeve and the crank end of the 

connecting rod, the diametral clearance between the 

crank and the crank bearing, the inertia load acting on the 

connecting rod, and the combustion pressure. The 

analysis clearly indicated the failure location at the 

thread root of the connecting rod, caused by improper 

screw thread profile. The connecting rod failed at the 

location indicated by the fea. An axi-symmetric model 

was initially used to obtain the stress concentration 

factors 9 at the thread root. These were used to obtain 

nominal mean and alternating stresses in the screw. A 

detailed fea including all the factors mentioned above 

was performed by also including a plasticity model and 

strain hardening. Based on the comparison of the mean 

stress and stress amplitude at the threads obtained from 

this analysis with the endurance limits obtained from 

specimen fatigue tests, the adequacy of a new design was 

checked. Load cycling was also used in inelastic fea to 

obtain steady state situation. 

4) G. Naga Malleshwara Rao et al worked on Design 

Optimization and Analysis of a Connecting Rod. The 

main Objective of this work is to explore weight 

reduction opportunities in the connecting rod of an I.C. 

engine by examining various materials such as Genetic 

Steel, Aluminum, Titanium and Cast Iron. This was 

entailed by performing a detailed load analysis. 

Therefore, this study has dealt with two subjects, first, 

static load and stress analysis of the connecting rod and 

second, Design Optimization for suitable material to 

minimize the deflect ion. In the first of the study the loads 

acting on the connecting rod as a function of time are 

obtained. [1] 

5) Shahrukh shamim et al studied finite element analysis of 

connecting rod used in single cylinder four stroke petrol 

engines. Static stress analysis is conducted on connecting 

rod made up of two different materials viz. E-

glass/Epoxy and Aluminum composite reinforced with 

Carbon nano tubes. Modeling and comparative analysis 

of connecting rod is carried out in commercially used 

FEM software ANSYS 14.0. Static structural analysis 

was done by fixing the piston end and applying load at 

the crank end of the connecting rod. Output parameters 

in static stress analysis are von-Mises stress, Shear stress, 

total deformation and equivalent elastic strain for the 

given loading conditions. [2] 

6) Pravardhan S. Shenoy et al performed optimization to 

reduce weight and manufacturing cost of a forged steel 

connecting rod. Since the weight of the connecting rod 

has little influence on its total production cost, the cost 

and the weight were dealt with separately. Reduction in 

machining operations, achieved by change in material, 

was a significant factor in manufacturing cost reduction. 

Weight reduction was achieved by using an iterative 

procedure. Literature survey suggests cyclic loads 

comprised of static tensile and compressive loads are 

often used for design and optimist ion of connecting rods. 

However, in this study weight optimist ion is performed 

under a cyclic load comprising dynamic tensile load and 

static compressive load as the two extreme loads. 

Constraints of fatigue strength, static strength, buckling 

resistance and manufacturability were also imposed. The 

fatigue strength was the most significant factor in the 

optimization of the connecting rod.[3] 

7) Pai (1996) [13] explains an approach to optimize shape 

of connecting rod subjected to a load cycle and 

consisting of the inertia load deducted from gas load as 

one extreme and peak inertia load exerted by the piston 

assembly mass as the other extreme, with fatigue life 

constraint. Fatigue life defined as the sum of the crack 

initiation and crack growth lives, was obtained using 

fracture mechanics principles. The approach used finite 

element routine to first calculate the displacements and 

stresses in the rod; these were then used in a separate 

routine to calculate the total life. The stresses and the life 

were used in an optimization routine to evaluate the 

objective function and constraints. The new search 

direction was determined using finite difference 

approximation with design sensitivity analysis. The 

author was able to reduce the weight by 28%, when 

compared with the original component. 

8) In the paper by S. Shaari,[7] M.M. Rahman, it is 

concluded that the modeling of connecting rod and FE 

Analysis has been presented. Topology optimization 

were analyzed to the connecting rod and according to the 

results, it can be concluded that the weight of optimized 

design is 11.7% lighter and maximum stress also 

predicted lower than the initial design of connecting rod. 

The results clearly indicate that the new design much 

lighter and has more strength than initial design of 

connecting rod. 

9) Pushpendrakumar Sharma et al, performed the static 

FEA of the connecting rod using the software and said 

optimization was performed to reduce weight. Weight 

can be reduced by changing the material of the current 

forged steel connecting rod to crack able forged steel 

(C70). And the software gives a view of stress 

distribution in the whole connecting rod which gives the 

information that which parts are to be hardened or given 

attention during manufacturing stage. 
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10) In a published sae case study (1997), a replacement 

connecting rod with 14% weight savings was designed 

by removing material from areas that showed high factor 

of safety. Factor of safety with respect to fatigue strength 

was obtained by performing fea with applied loads 

including bolt tightening load, piston pin interference 

load, compressive gas load and tensile inertia load. The 

study lays down certain guidelines regarding the use of 

the fatigue limit of the material and its reduction by a 

certain factor to account for the as-forged surface. They 

also indicate that buckling and bending stiffness are 

important design factors that must be taken into account 

during the design process. On the basis of the stress and 

strain measurements performed on the connecting rod, 

close agreement was found with loads predicted by 

inertia theory. The study also concludes that stresses due 

to bending loads are substantial and should always be 

taken into account during any design exercise. 

11) Kuldeep B [14] “Analysis and optimization of 

connecting rod using ALFASiC composites”. Generally 

connecting rods are manufactured using carbon steel and 

in recent days aluminium alloys are finding its 

application in connecting rod. In this work connecting 

rod is replaced by aluminium based composite material 

reinforced with silicon carbide and fly ash. And it also 

describes the modelling and analysis of connecting rod. 

FEA analysis was carried out by considering two 

materials. The parameter like von misses stress, von 

misses strain and displacements were obtained from 

ANSYS software. Compared to the former material the 

new material found to have less weight and better 

stiffness. It resulted in reduction of 43.48% of weight, 

with 75% reduction in displacement. 

12) Prof. N.p.doshi [15] “analysis of connecting rod using 

analytical and finite element method”. The most 

common types of materials used for connecting rods are 

steel and aluminium. Connecting rods are widely used in 

variety of engines such as, in-line engines, v-engine, 

opposed cylinder engines, radial engines and oppose-

piston engines. For the project work we have selected 

connecting rod used in light commercial vehicle of tata 

motors had recently been launched in the market. We 

found out the stresses developed in connecting rod under 

static loading with different loading conditions of 

compression and tension at crank end and pin end of 

connecting rod. Design of connecting rod which is 

designed by machine design approach is compared with 

actual production drawing of connecting rod. We found 

that there is possibility of further reduction in mass of 

connecting rod. 

As we seen in above references forged steel was use primarily 

but due to its heavy weight speed of engine reduced then after 

aluminium alloy was used so that speed of the engine 

increases but there large variation in stress and deformation 

in compared to other materials that were searched in that time 

like magnesium alloy, titanium alloy, as comparison with 

those materials beryllium 25 is the better among them 

because there is small variation in stress, strain, and total 

deformation. The function of connecting rod is to transmit the 

thrust of the piston to the crankshaft. 

III. PROBLEM STATEMENT 

The design of the Connecting rod starts with the definition of 

the connecting rod geometry using 3D CAD program. This 

3D CAD competitive model is then carried to FEA software 

program and analyses under the forecast service conditions 

before anything is made. That steps up the model and testing 

process, and reduces the lead time to create new Connecting 

rod designs, and produces a better output. The idea behind 

finite analysis is to divide a model into a constant finite 

number of elements. The system software generates and 

forecasts the complete stiffness of the total rod. Evaluating 

the data is possible forecast how the connecting rod will 

behave in a real loading condition and allows the engineer to 

see where the stresses and how the connecting rod will 

behave for loading condition. The mathematical model of 

optimization is entrenched firstly, and the FEA is carried out 

by using the ANSYS programmable software. Based on the 

analysis of optimal result, the stress concentrates on the 

model has become evaluate, which provides a better hint for 

rebuilt of connecting rod. 

A. Problem Formulation 

The objective of present study is carried out the analysis of a 

two wheeler connecting rod of different materials and making 

a meaningful comparison among results of analysis, which 

can be helpful for getting suitable material for the 

manufacturing of connecting rod. Study also incorporates the 

fabrication of material by changing the chemical constituents 

to find the new material. In the present study 3D model of 

connecting rod is developed using CAE software (PRO-E 

SOFTWARE) and the static analysis is done by ANSYS 

WORKBENCH 13.0. The results of analyses are noted for 

making helpful comparison. 

IV. OBJECTIVES 

1) To reduce weight of the existing connecting rod with 

desired strength. 

2) To determine Von misses stress , Shear Stress, and 

Equivalent Alternating Stress , Total Deformation , 

Fatgue life, and to Optimize the existing Connecting Rod 

Design . 

3) To Calculate Stress in Critical areas and to evaluate if 

these stress Fall within 5 % off critical stress value ( 

yield) 

4) Stress value within 5% of yield value then design would 

be optimized else if the stress are within elastic limit 

fatigue life calculation would be done to evaluate the 

fatigue life cycle of the connecting rod 

The Main Aim of the project to determine the von misses 

Stress, thermal Stress, Principal Stress, and Maximum Shear 

Stress, and Optimize the Existing Connecting Rod. If The 

Existing design shows the failure, then suggest the minimum 

design changes in the existing connecting rod. 

V. PRESSURE CALCULATION FOR CONNECTING ROD 

 Engine type air cooled 4-stroke 

 Bore x Stroke = 50.0 x 49.5 mm 

 Displacement = 97.2 cc 

 Maximum Power = 5.74 KW @7500rpm 
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 Maximum Torque = 8.04 Nm@4500rpm 

 Compression Ratio = 9.0:1 

A. Petrol Properties 

 Density of petrol =737.22kg/m3 = 737.22E-9 kg/mm3 

 Flash point for petrol (Gasoline) 

 Flash point = -43°c (-45°F) 

 Auto ignition temp. = 280°c (536°F) = 553°k 

 Mass = Density x volume = 737.22E-9 x 19.5E3 = 

0.110214kg 

 Molecular weight of petrol = 114.228g/mole = 0.11423 

kg/mole 

B. From Gas Equation 

 PV=m * Rspecific * T 

 Where, 

 P = Pressure, MPa 

 V = Volume 

 m = Mass, kg 

 Rspecific = Specific gas constant 

 T = Temperature, °k 

 Rspecific = R/M 

 Rspecific = 8.3143/0.114228 

 Rspecific = 72.76 Nm/kg K 

 P = m.Rspecific.T/V 

 P = (0.110214 x 72.757 x 553) / 149.5 = 29.67 MPa 

Calculation of analysis is done for maximum 

Pressure of 30 MPA and 15 MPA 

VI. DIMENSIONAL SPECIFICATIONS OF THE CONNECTING 

ROD 

SL. No PARAMETERS 

1. Thickness of the connecting rod (t) = 4.7 

2. Width of the section (B = 4t) = 18.92 

3. Height of the section(H = 5t) = 23.66 

4. Height at the big end = (1.1 to 1.125)H =26.02 

5. Height at the small end = 0.9H to 0.75H=17.74 

6. Inner diameter of the small end = 51 

7. Outer diameter of the small end = 65 

8. Inner diameter of the big end = 65 

9. Outer diameter of the big end = 87 

Table 1: 

VII. MODELING & ANALYSIS 

Pro-E used to create a complete 3D digital model of 

manufactured goods. The models consist of 2D and 3D solid 

model data which can also be used downstream in finite 

element analysis, rapid prototyping, tooling design, and CNC 

manufacturing. Connecting rod of a Light Vehicle Engine 

easily available in the market is selected and its dimensions 

are calculated based on the design and working parameters. 

According the dimensions obtained the model of the 

connecting rod is developed in the Pro/ENGINEER Wildfire 

4.0. Model of the connecting rod and its Big end Bearing 

Lower half the separately developed of this study as shown in 

figures below. 

 
Fig. 7.1: Model of Connecting Rod in Pro E 

 
Fig. 7.2: Model of Crank End Bearing Lower Half 

VIII. FINITE ELEMENT ANALYSIS USING ANSYS 

The analysis of connecting rod models are carried out using 

ANSYS software using Finite Element Method. Firstly the 

model files prepared in the Pro- E, then are exported to 

ANSYS software as an IGES files as shown in figure 5 & 6 

below. 

 
Fig. 8.1: Imported Model of Connecting Rod to ANSYS 
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Fig. 8.2: Imported Model of the Lower Bearing 

 
Fig. 8.3: Meshed Model of Connecting Rod 

 
Fig. 8.4: Meshed Imported Model of Lower Bearing 

 After this areas and sections are segmented as 

importing the model to ANSYS results in some Imperfection. 

Thus the geometry clean-up is done. Now the material 

properties are defined on the model for the material used as 

shown in table above. After that, the meshing of model is to 

be done. Here a model is divided into a number of elements 

and nodes. The meshed models of the connecting rod are as 

shown in figure below. 

 Once meshing is done the boundary conditions i.e. 

DOF constrains, forces, loads are to be applied on the model. 

As shown fig 9, the pressure is applied on the Crank end 

bearing of the connecting rod, while keeping piston end fixed. 

The pressure of 15 Mpa is used. 

 
Fig. 8.5: Load Constrained Section of Connecting Rod 

 
Fig. 8.6: Load Constrained Section of Lower Bearing 

IX. RESULTS & DISCUSSION 

The static analysis of connecting rod models was conducted 

for different materials to identify the Fatigue locations on it. 

The tern “static” implies that the forces do not change with 

time. Results of the static analysis output are shown via stress, 

strain and deformation under the applied load. The output 

results of static analysis of both the components are shown in 

fig below. 

 Results obtained by ANSYS for the crank end 

bearing lower half and the connecting rod for stainless steel 

at the applied pressure of 15mpa. 

 
Fig. 9.1: Displacement Output of the Lower Bearing of 

Stainless Steel Connecting Rod in ANSYS 

In Figure 9.1the maximum displacement occurs in the Lower 

Bearing of connecting rod is 0.019415 mm. 
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Fig. 9.2: Displacement Output of the Connecting Rod in 

ANSYS 

Figure 9.2: the maximum displacement occurs in the 

connecting rod is 0.012095 mm. 

 
Fig. 9.3: Von-Misses Stress Output of the Lower Bearing of 

Stainless Steel Connecting Rod in ANSYS 

Figure 9.3: The maximum Von-Misses Stress occurs in the 

Lower Bearing of connecting rod is 0.140E+09 Mpa. 

 
Fig. 9.4: Von-Misses Stress Output of the Stainless Steel 

Connecting Rod in ANSYS 

In Figure 9.4: the maximum Von-Misses Stress occurs in the 

connecting rod is 0.113E+09 Mpa. 

 Results obtained by ANSYS for the crank end 

bearing lower half and the connecting rod for aluminium 

alloy at the applied pressure of 15mpa. 

 
Fig. 9.5: Displacement Output of the Aluminium Alloy 

Connecting Rod in ANSYS 

In Figure maximum displacement occurs in the Lower 

Bearing of connecting rod is 0.054893 mm. 

 
Fig. 9.6: Displacement Output of the Lower Bearing of 

Aluminium Alloy Connecting Rod in ANSYS 

In Figure the maximum displacement occurs in the 

connecting rod is 0.03481 mm. 

 
Fig. 9.7: Von-Misses Stress Output of the Aluminium Alloy 

Connecting Rod in ANSYS 

In Figure 9.7The maximum Von-Misses Stress occurs in the 

Lower Bearing of connecting rod is0.156E+09 MPa. 
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Fig. 9.8: Von-Misses Stress Output of the Lower Bearing of 

Aluminium Alloy Connecting Rod in ANSYS 

From the above figure the maximum Von-Misses Stress 

occurs in the connecting rod is0.115E+09 Mpa. 

 Based on the results obtained by the ANSYS 

software for the displacement, Von-Misses Stress and Strain 

Intensity at the pressure of 15 MPa the values for the output 

obtained can be represented as shown in the tables below. 

FOR 15 MPA PRESSURE 
Stainless 

Steel 

Aluminium 

Alloy 2024 

Displacement 0.019415 0.054893 

Von-Misses Stress 0.149E+09 0.156E+09 

Table 9.1: Analysis Data for Crank End Bearing Lower Half 

at 15Mpa 

FOR 15 MPA PRESSURE 
Stainless 

Steel 

Aluminium 

Alloy 2024 

Displacement 0.012095 0.03481 

Von-Misses Stress 0.113E+09 0.115E+09 

Table 13.2: Analysis Data for Connecting Rod at 15MPa 

X. CONCLUSION 

The forces were applied on the piston head and the effect of 

it on the connecting rod was studied in this analysis. The 

pressure developed in the big end/crank end of the connecting 

rod is analysed in two different parts i.e ; Crank end Bearing 

Lower half and connecting rod for displacement, von misses 

stress and strain intensity output. 

 The results or conclusion thus that can made on the 

bases of the output results by ANSYS can be as followed: 

1) It is observed that displacement, and Stress induced in 

the Connecting Rod made up of Aluminium alloy 

comparatively slightly greater than as compare to the 

Connecting Rod made up of Stainless Steel, thus more 

advancement in the field of Aluminium alloy is required 

to be as equivalent and efficiently used as Stainless Steel. 

2) Also it was observed that Connecting Rod made up of 

Aluminium Alloy has higher intensity of Stress and 

Strain induced as compare to Connecting Rod made up 

of Stainless steel. 

 Also manufacturing of complex shape and curved 

surfaces from Aluminium, alloy is much easier and 

convenient than that of other materials used here. 
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