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Abstract ―The connecting rod is a link which connect the 

piston and crankshaft in reciprocating engines and transfer 

the push and pull from piston to crankshaft or vice versa. 

This paper discusses the case of connecting rod of 5 HP 

reciprocating air compressor. Repetitive failure of connecting 

rod was observed and it was diagnosed. Strength base 

analysis and modal analysis were done. It was found that 

failure occurred due to resonance. Analysis were carried out 

with change in material and solution was achieved. 
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I. INTRODUCTION 

n reciprocating compressor connecting rod transfers the 

push and pull from crankshaft to piston and compression 

of air takes place. Connecting rod may fail during working 

due to lack of strength (strength required during working is 

higher than design strength), lack of maintenance 

(Lubrication)or lack of rigidity. 

A connecting rod of 5 HP compressor was failing with 

two to three months of working repetitively at the industry. 

To diagnose the problem static analysis was carried out 

using ANSYS 13. Results obtained were showing that from 

strength point of view the design of connecting rod was 

safe. It was decided to check the dynamic behaviour like 

natural frequency, mode shapes and damping co-efficient 

of the connecting rod. For dynamic characterization the 

modal analysis (Free vibration characterization) was 

performed in the ANSYS 13. From the results of modal 

analysis it was noted that the first fundamental frequency 

was within the range of operating frequency which was the 

reason of resonance and continuous vibration caused the 

failure of the connecting rod. The possible solution was 

either to redesign the connecting rod or to keep the 

dimensions as it was and change the material of it. With 

change in dimensions of connecting rod dimensions of 

other parts would be needed to change. For example if 

diameter of connecting rod eyes would be changed then 

diameter of crankpin and piston pin would be needed to 

change. Second choice was to change the material of 

connecting rod without changing the dimensions. In this 

work criteria of material change is used to reduce the 

vibration of connecting rod by avoiding the resonance and 

hence the failure of connecting rod due to the vibration is 

avoided. Initially the connecting rod was made from SG 

iron and then it was changed to Aluminium alloy LM13. 

 

TABLE I 

Descrition of Reciprocating Air Compressor 

 

Plant  Dintechpvt.Ltd (Naroda-GIDC, Ahmedabad, Gujarat, 

India) 

Equipment Reciprocating air compressor 

Motor HP 5 

Compressor 

RPM 

725 (12.1 Hz) 

In this investigation, modal analysis of connecting rod 

of the reciprocating air compressor (description in table I) 

with SG iron as material and Aluminium LM13 as material 

is done using ANSYS 13. Material properties are shown in 

table II. 

TABLE II 

Material Properties 

 

Material 
Density 

Kg/mm3 

Poisson's 

ratio 

Elasticity 

Mpa 

Ultimate 

strangthMpa 

SG Iron 7.17E-6 0.275 67.9E3 450 

Aluminum 
Alloy 

LM13 

2.7E-6 0.32 67500 250 

 

II. ANALYSIS OF CONNECTING ROD MADE BYSG 

IRON 

Solid modeling of the connecting rod is done in Pro-E 

wildfire-5. The model is imported to ANSYS 13 in IGES 

format. During the meshing of geometry 10 nodes 

tetrahedral element is used. Structural (considering thermal 

loads) and modal analysis is performed. 

A. Static thermal analysis 

During analysis the linear motions (XYZ) in both piston 

pin eye and crankpin eye are restricted.[4],[5] Connecting 

rod transfers the air pressure which is exerted at piston 

head to crankpin. It also transfers the thermal loads which 

are exerted due to temperature of compressed air. Air 

pressure of 10 bar on head is given and for thermal loading 

path of thermal file (.rth) which was already performed 

before is given. It is noted that Maximum stress generated 

is118.622 MPa, which is less than ultimate tensile strength 

for SG Iron material. It is to be noted that design is safe 

from the strength point of view. 

B. Modal analysis 

Modal analysis is the free vibration analysis, in which 

loading conditions are not require only constrains are 

I 
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important. This analysis provides the dynamic 

characteristics of the components like frequency, mode 

shapes and damping co-efficient. Modal analysis is 

performed with same constraints as applied in static 

analysis. Five mode shapes are extracted which are shown 

in table III. 

 

Fig.1 Von mises stresses 

 

Fig.2 First mode shape 

TABLE III 

Results of Modal Analysis- SG Iron Connecting Rod 

 

Mode shape Natural frequency 

1 10.573 

2 17.513 

3 40.566 

4 65.985 

5 87.341 

Excitation frequency is 12.1 Hz (motor frequency of 

compressor). The fundamental natural frequency of 

connecting rod-SG Iron is 10.573 which is in range of 0.7 

to 1.3 times of excitation frequency. 

C. Solution of problem  

It is noted that excessive vibration is reason of failure. 

It is decided to change the material of connecting rod 

without changing the dimension. The material should have 

required strength with less weight. Aluminum alloy LM13 

has been selected. 

 

III. ANALYSIS FOR ALUMINUM ALLOY LM13 

A. Static thermal analysis 

Static thermal analysis is performed with same constraints 

and loading conditions. It is noted that stress generated is 

143 MPa which is less than allowable tensile strength of 

250 MPa. 

B. Modal analysis 

Modal analysis is performed with same constraints. Table 

IV shows the results. 

 

TABLE IV 

Results of Modal Analysis– Aluminium Alloy LM13 

Connecting Rod 

 

Mode shape Natural frequency 

1 237.12 

2 324.31 

3 423.43 

4 522.05 

5 639.87 

 

 

Fig.3 Von Mises Stress 

 

Fig.4 First mode shape 
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It is clear from the results that resonance is avoided. 

Implementation of solution is in process. 

 

IV. CONCLUSION 

Design of component should be checked for rigidity. 

Natural frequency of component should be 0.7 to 1.3 times 

excitation frequency of system. Resonance can be avoided 

by changing material having equivalent strength. 

Redesign of connecting rod is avoided by changing the 

material. Following things are noted from the investigation. 

 Failure of connecting rod occurred due to resonance 

although design was safe from the strength point of 

view. Maximum von mises stress obtained is 118.622 

MPa for connecting rod having SG iron material. 

 Using LM13 as material, resonance is avoided. It is also 

safe from strength point of view. Maximum von mises 

stress obtained is 143 MPa. 
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