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Abstract— IC engine is heart of any vehicle, while in running 

conditions different components of engine undergoes static 

and dynamic loadings. The main aim of paper is to analyze 

static stresses developed in connecting rod. The Connecting 

rod transmits the piston load to the crank causing the latter to 

turn, thus converting the reciprocating motion of the piston 

into a rotary motion of the crankshaft. Connecting rods are 

subjected to forces generated by mass and fuel combustion. 

Connecting rod is modeled using CATIA software and FE 

analysis is carried out using ANSYS Software. Connecting 

rods are subjected to static and dynamic loading forces 

generated by mass and fuel combustion. It undergoes high 

cyclic loads of the order of 108 to109cycles, which range 

from high compressive loads due to combustion, to high 

tensile loads due to inertia. The connecting rod has been the 

topic of research for the aspects such as production, 

performance, simulation, materials, etc. 
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I. INTRODUCTION 

Connecting rod is one of the most critical components 

internal combustion engines bearing the statically and 

dynamically fluctuating loads. The optimization of 

connecting rod had already started as early years. However, 

everyday consumers are looking for the best from the best. 

That’s why the optimization is really important for 

automotive industry especially. Optimization of the 

component is to make the less time to produce the product 

that is stronger, lighter and less total cost productions. The 

design and weight of the connecting rod influence on car 

performance. Hence, it effects on the car manufacture 

credibility. The structural factors considered for weight 

reduction during the optimization include the buckling load 

factor, stresses under the loads, bending stiffness, and axial 

stiffness. Thus, the component can give the higher strength, 

efficient design and lighter that would create a major success 

in the automotive and manufacturing industry. The benefits 

of connecting rod optimization are eventually go back to 

consumer itself. Among the main objectives are to improves 

the engine performance and also to strengthen the product 

that is ensure the safety of human being. Connecting rod 

failed due to insufficient strength to hold the load. By 

maximize the strength, automatically it will longer the life 

cycles of the connecting rod. 

II. MATERIAL SELECTION 

In this work, for manufacturing of connecting rod aluminum 

metal matrix is selected as a material. Aluminum metal 

matrix shows low density and high strength. Compositions of 

these materials are listed in table1. 

Component AL Cr Cu Fe 

Weight 

(%) 
87.1-91.4 0.18-0.28 1.2-2 

Max 

0.52 

Min 
Other, 

each 

Other, 

total 
Si Ti 

Max 0.3 Max 0.05 Max 0.15 
Max 

0.4 

Max 

0.2 

Table 1: Chemical Composition of Aluminum Metal Matrix 

Parameters Properties 

Physical Properties 

Density 2.80 g/cc 

Mechanical Properties 

Young’s Modulus E 89 GPa 

Poisson’s Ratio 0.33 

Ultimate Tensile Strength 435 MPa 

Table 2: Properties of Aluminum Metal Matrix 

III. DESIGN OF CONNECTING ROD 

The different dimensions of the engine and connecting rod 

are given below, 

 Connecting rod length = 104.5mm, 

 Speed of the engine = 1400r.p.m. 

 Maximum gas pressure = 3.7MPa, 

 Bearing pressure at big end = 8.5MPa 

 Bearing pressure at small end = 15MPa, 

 Allowable stresses in the bolts = 60MPa 

 Allowable stresses in the cap = 80MPa 

The maximum force acting on the piston due to gas 

pressure, 

F= π*D2*p/4 = 2769.32N 

Since factor of safety is considered, F= 14236.4 N 

Radius of crank = 96/2= 48 mm 

A. Maximum Tensile Force: 

 Mass of the connecting rod, m = volume × length × 

density = 0.425kg 

 Maximum Bending moment = m×ω2×r× (l/9√3)= 646.32 

N-mm 

 Section modulus = Ixx/ (5t/2) = 1856.8mm3 

 Maximum bending stress due to inertia bending forces = 

Mmax/Zxx= 2.85N/mm2 

 Length of Connecting Rod  = 104.5 mm 

 Outer diameter at big end = 55 mm 

 Inner diameter at big end = 38 mm 

 Inner diameter at small end = 17 mm 

 Outer diameter at small end = 29 mm 

 Thickness =18 

IV. MODELING AND FINITE ELEMENT ANALYSIS 

Design tool CATIA V5 is used for modeling of connecting 

rod.  First model of connecting rod is created in CATIA 

V5R18 software. Analysis is done by using ANSYS 16.0. 

The focus of analysis is to find out the total stress generated 

in connecting rod and deformation produced in it. Fig (1) 

shows the meshing generated on the connecting rod. The 
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rectangular element type meshing is done on the model. Total 

number of elements 42990and Total number of nodes 64532 

were generated. 

 
Fig. 1: Modeling of Connecting Rod. 

 
Fig. 2: Maximum principal stress ofConnecting Rod. 

 
Fig. 3: Total deformation of Connecting Rod. 

V. MANUFACTURING OF CONNECTING ROD 

The manufacturing technique used for manufacturing of 

connecting rod is as follows, 

The fabrication of the metal matrix composites are 

mainly based on two technological methods such as solid 

state processing and liquid state processing. 

Among the variety of techniques available for 

fabrication of MMCs, stir casting is generally most simple, 

cost effective. 

In this method, 

1) After the matrix material is melted. 

2) It is stirred. 

3) The reinforcement material is then introduced at the side 

of the vortex. 

4) The particles transfer into the matrix melt due to the 

pressure difference between the inner and the outer 

surface of the melt. 

A. Procedure 

During stirring, to enhance the wettability, small quantities of 

magnesium are added to the melt. The molten metal is then 

poured into permanent mold of size 110×60×21mm (i.e. 

length × width × thickness) for casting and the temperature is 

then lowered gradually. 

After solidification, the castings are taken from the 

mold and are cut to the required shape and sizes (104×55×18 

mm) for test. 

VI. TESTING OF CONNECTING ROD 

For stress analysis Load is applied at bigger end and smaller 

end kept fixed. Three different loads which are obtained with 

the help of engine specifications are used for analysis 

purpose. By using universal testing machine tensile testing is 

carried out. As shown in figures, initially Connecting rod is 

attached in lower jaw of Universal Testing Machine. 

 
Fig. 4: Universal Testing Machine with specimen. 

 
Fig. 5: Connecting rod. 

The testing report is as follows, For Aluminium 

metal matrix the stresses and deformation values is as 

follows, 

Sr. 

No. 

Load 

(kg) 

Deformation 

(mm) 

Stress 

(N/mm2) 

1 50 0 1.4314 

2 100 0 1.8234 

3 150 0.8 2.2212 

4 200 1 2.9614 

5 250 1.1 3.1424 

6 300 1.4 3.8279 

7 350 2 4.7559 

8 400 3 4.8423 

9 450 3.9 5.3412 

10 500 5.2 5.5824 

11 550 6.3 6.0134 

12 600 7.2 6.4829 

13 608 7.76 7.6264 

Table 3: Test Result 

 
Fig. 6: Deformation vs. Load in connecting rod. 
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Fig. 7: Stress vs. Load in connecting rod. 

VII. RESULT 

Results for aluminium metal matrix connecting rod is as 

below, 

Sr. 

No. 
Parameter 

Aluminium 

Metal Matrix 

1 
Maximum 

Principal Stress 
7.6264 

2 Deformation 7.76 

Table 4: Result of Connecting Rod. 

VIII. CONCLUSION 

From the above experiment it is concluded that Aluminium 

metal matrix is successfully withstand the static loading. 

Connecting rod is designed and analysed by using the CATIA 

and FAE analysis in ANSYS. It is experimentally tasted for 

the static loading with good results. 
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