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Abstract— The Paper deals with the vibrational study of the 

exhaust system with the concept of CAE. The vibrations of 

exhaust system are due to the engine excitation, braking, and 

mainly due to the road excitation. The modal analysis is 

carried out to find the natural frequencies and the mode 

shapes. & the behaviour of the mode shapes is also studied. 

The shell and solid elements are used to get better results in 

modal frequency domain. Further frequency response is 

carried out by this vibration amplitude of exhaust system 

(displacement vs frequency graph) were obtained, for 

different positions on the exhaust system. The exhaust system 

is modelled using Catia, hypermesh for discretise and Abaqus 

as solver. The main methodology taken here to find the 

maximum amplitude for various frequencies at different 

positions on Exhaust system. After identification of the max 

displacement (amplitude) the mode shapes were 

studied/analysed to identify better hanger location.  
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I. INTRODUCTION 

In any automobiles the exhaust system plays an important 

role and the need for analysis of the structural/dynamic 

behaviour of the system in automobile industry has been 

increasing nowadays. The exhaust system is the system in 

automobile which is subjected to lot vibration due to the 

engine excitation and also due to road irregularities and the 

vibration is transferred to the vehicle body through fixed 

locations (hanger locations). Thus, the exhaust systems are 

designed such that it has to control the emissions and to 

attenuate the harshness and the vibration. So, there is an 

increase in the demand for durability and effective designs of 

the exhaust system. 

II. EXHAUST SYSTEM 

The exhaust system includes components - exhaust manifold, 

muffler, oxygen sensors, exhaust pipe, and catalytic 

converter. Objective of the exhaust system is to avoid the 

exhaust gases to entering into the cabin and to reduce the 

high-pressure exhaust gas noise. The hot gases are expelled 

out of engine as combustion takes place, and the exhaust 

system is responsible to emit the toxic gases into the 

atmosphere. 

A. Exhaust Manifold  

Exhaust manifold is first part of the exhaust system and it is 

attached to the engine side. The burnt gases from the engine 

supplies to the exhaust pipes through the exhaust manifold. 

The exhaust temperature varies with the power of the engine. 

This system has to be designed such that is has to withstand 

the extreme temperature and thermal shocks. 

B. Catalytic Converter 

Catalytic converter is the main part of the exhaust system. It 

is called as the exhaust emission control device which helps 

to reduce the burnt toxic gas and makes them less toxic. In 

this catalyst are used to make the toxic gases to less toxic. 

C. Muffler  

Muffler is the device used for reducing the noise emitted by 

exhaust of an IC engine. The main muffler absorbs the noise 

of the burnt gas and is consists of shells, plates and other 

components. It also consists of the tubes which reflects the 

sound waves produced by engine. 

D. Tail Pipe 

The tail pipe is the end of the final length of the exhaust 

system which is straight and where the tail pipe vents open 

there and of pipe is angled cut so that the exhaust gas is 

expelled smoothly. 

III. MODAL ANALYSIS AND FREQUENCY RESPONSE 

ANALYSIS 

Modal analysis is the study of the dynamic properties of 

structure under vibrational excitation. The failure of 

Structures can’t be made safe only on the load condition (load 

withstanding capacity) it has to safe by considering the 

structural dynamic. Modal analysis is performed to determine 

the frequencies and the mode shapes. The obtained 

frequencies have to compare with the frequencies of source 

of excitation. 

The main objective of the project is to study the 

frequency response analysis and to find the better hanger 

locations for reducing the amplitude. 

A. Material Properties 

SL no 1 

Material Alloy Steel Grade 

Material properties 

E 

(N/mm2) 
210 x 109 

Poisons Ratio 0.3 

Density (tonnes/mm3) 7.85 e-9 

Yield strength (MPa) 900 

Table 1: Material Properties 

B. Meshing 

Meshing is defined as the dividing or splitting of the model 

in to number of divisions for the purpose of getting accurate 

results. If the number of elements created are more than 

accuracy will be more.  

 
Fig. 1: Meshed model of Exhaust System 
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1) Loads and Boundary Conditions 

For modal analysis the constraints are applied and no load is 

applied and the below fig 2 shows the boundary conditions at 

left end it is fixed in All DOF and fig indicates the hanger 

locations fixed in XYZ translational DOF. 

 
Fig. 2: Loads and Boundary conditions 

2) Mode Extraction  

Middle surface is extracted from geometry. The surfaces are 

meshed with shell elements. The meshed model is checked 

for quality checks such as wrap angle, aspect ratio and 

jacobian. By giving the excitation and boundary conditions 

and model is submitted to solver ABAQUS for extracting 

modal frequencies and mode shapes. 

Sl. No Frequency (Hz) Mode Shape 

1 114.10 1 

2 160.73 2 

3 168.24 3 

4 264.82 4 

5 276.70 5 

6 280.72 6 

7 334.88 7 

8 341.1 8 

9 359.36 9 

10 419.84 10 

Table 2: Modal Frequency obtained 

 
Fig. 3: 1st Mode shape (Bending) 

 
Fig. 4: 2nd Mode shape 

 
Fig. 5: 3rd Mode shape 

 
Fig. 6: 4th Mode shape 

 
Fig. 7: 5th Mode shape 
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Fig. 8: 6th Mode shape 

The first six mode shapes were shown above and the 

corresponding behaviour of the mode shapes are bending, 

breathing and twisting and the table 1 shows the modal 

frequency analysis of the exhaust system. 

C. Frequency Response Analysis 

The results are taken at different locations of the exhaust 

system with particular node numbers as 3478, 3580 and 1500. 

These nodes are selected in such a way that they are equally 

spaced over the exhaust system length. The node number 

3478 is at interface region of manifold and catalytic 

converter. The node number 3580 is on the muffler and node 

number 1500 is at the rear pipe. 

 
The above figure shows that arrow mark indicates 

the position of node numbers 3487, 3580 and 1500 on exhaust 

system from the left end, based on that nodes the results are 

taken. 

1) Excitation in X- direction  

 

 

 
Fig. 9: Displacement vs frequency response for X excitation 

for node 3478,3580 and 1500. 

2) Excitation in Y direction (Load excitation is applied 

vertical to the length of the car) 

 

 

 
Fig. 10: Frequency vs displacement response for Y 

Excitation for node 1500,3478 and 3580. 

3) Excitation in Z Direction 
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Fig. 11: Frequency vs Displacement for Z Direction for 

node 1500, 3478 and 3580. 

The above graphs (frequency vs displacement) are obtained 

for x, y and z excitation at three different locations along the 

length of the exhaust system. 

IV. RESULT AND DISCUSSIONS 

Excitation 

 
X Excitation 

Node No 1500 3478 3580 

U1 (X)/ 

Freq (Hz) 
0.1/490 0.25/350 0.25/350 

U2 (Y)/ 

Freq (Hz) 
0.55/724 1.25/561.57 1.25/561 

U3 (Z)/ 

Freq (Hz) 
0.5/652 1.25/380.74 1.25/377.39 

Max / Freq (Hz) 0.55/652 1.25/561.5 1.25/377.39 

Max Resp (mm) 

/ Freq (Hz) 
1.25mm at 561.57 Hz 

Table 3: Displacement vs frequency at respective node no. 

at different frequencies for X excitation. 

Excitation 

 
Y Excitation 

Node No 1500 3478 3580 

U1 (X)/ 

Freq (Hz) 
0.75/730 3.0/455 2.65/450 

U2 (Y)/ 

Freq (Hz) 
2.75/718.2 10.0/450.44 10.0/449.5 

U3 (Z)/ 

Freq (Hz) 
0.75/375 5.0/375 4.0/375 

Max / Freq (Hz) 2.75/718.2 10.0/450.44 10.0/449.5 

Max Resp (mm) 

/ Freq (Hz) 
10.0 mm at 450.44 Hz 

Table 4: Displacement vs frequency at respective node no. 

at different frequencies for Y excitation. 

Excitation 

 
Z Excitation 

Node No 1500 3478 3580 

U1 (X)/ 

Freq (Hz) 
0.25/740 1.0/300 1.0/300 

U2 (Y)/ 

Freq (Hz) 
1.0/650 2.0/675 1.0/450 

U3 (Z)/ 

Freq (Hz) 
3.75/565.21 7.0/380.74 7.0/380.74 

Max / Freq (Hz) 3.75/565.21 7.0/380.74 7.0/380.74 

Max Resp 

(mm)/Freq 
7.0mm at 380.74Hz 

Table 5: Displacement vs frequency at respective node no. 

at different frequencies for Z excitation 

The frequency response analysis is carried out the above 

results are obtained by giving the excitation in x, y and z 

directions. The maximum displacement 10.0mm is obtained 

in Y excitation at the frequency 450.441Hz. 

V. CONCLUSION 

The first three frequency and their modes are crucial, the 

frequencies are 114.10 Hz, 160.73Hz and 168.24Hz. And the 

corresponding modes shapes are bending, breathing and 

twisting. For the higher frequencies the modes shapes are 

repeating with different amplitudes and hence the system 

behaviour in accordance with the theoretical expectation. 

The results are tabulated at three different locations 

along the length of the exhaust system. The extracted result 

locations are selected at the probable higher response region. 

Node 3478 is at the interface of the exhaust manifold and 

exhaust system; Node 3580 is at the muffler region and the 

node 1500 is at the mid of the long exhaust tube. 

The frequency response analysis is carried out under 

the excitation in x, y and in z direction. The displacement 

were obtained for every excitation but the maximum 

displacement is obtained only in Y excitation i;e the road 

excitation due to the irregularities of the road.  

VI. FUTURE SCOPE 

Further thermal stress analysis and temperature distribution 

analysis is carried out and response analysis is carried out by 

altering the mounting locations. 
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