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Abstract— The exhaust system of the vehicle is one of the 

main components in the vehicles as it is useful to reduce the 

vibration, noise and air pollution. The efficient automobile 

should be in proper working condition so that it is necessary 

to be well designed and clearly analysed. The simulation 

results from the computer aided engineering method can be 

accepted in the manufacturing of the vital part and which can 

be fitted in the exhaust system of the vehicle. Muffler is the 

important part in the exhaust system as it carries the whole 

system. So in our project we concentrated more on to this 

component. Extensive work has been carried out on static 

analysis, dynamic analysis, modal analysis, pressure analysis 

and life of the component by approaching FEA method. 
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I. INTRODUCTION 

Before we design and analysis the component, it is very 

essential to know about the component like the material 

used to manufacture, the mechanical properties of that 

material, behaviour of the material under different 

circumstances, cost of the material, availability etc. So we 

can make a safe design and we can know the importance of 

that component in the system. How useful it is in the system 

and how vital in the system while performing. So in this 

chapter we will give the introduction about the exhaust 

system. 

Generally used numerical methods in the problems 

are finite element approach. The evolution of this method 

was done few years ago, with the growing possibility to use 

the computers to made the calculation in more convenient 

and in simple way. In earlier days it was mainly used by 

aeronautical team but now it has become such a powerful 

tool that it is an necessary in many other industry. The 

method produces most relevant results to the varity of the 

problems which are big and more complex.. In structural 

problem analyses the natural frequencies of structure or 

component can be get by solving Eigen value that is the 

representation of the component in a system without any 

notable amount of loss in energy. 

A. Concept 

This project work will focus on the normal modal analysis 

of component & static analysis of a system and also 

prediction of fatigue life of muffler mounting brackets. 

II. OBJECTIVES 

To carry out normal mode analysis of a MARUTI engine oil 

pan (with oil and without oil) both numerical (Finite 

Element Method) and experimental approaches. To carry 

out modal frequency response analysis of a MARUTI 

engine oil pan to predict pseudo sound power levels by 

numerical approach In this project work, CAE simulation is 

designed to address fatigue sensitive Muffler Bracket-

Hanger design in the area of the muffler when installed in a 

vehicle exhaust system. This simulation is used to evaluate 

the vertical direction fatigue durability of Bracket- hanger 

on and adjacent to the muffler. Muffler bracket design in 

this case has a hanger rod which is welded to the bracket. 

The muffler bracket is the critical part in the exhaust system 

as it carries the whole system through hanger rod. The road 

load and engine vibrations are transferred to the system 

through the hangers. Simulation of the muffler bracket is 

carried out to calculate the stresses due to oscillating loads 

and following points were concluded. The normal modal 

analysis from finite element method has been carried out on 

a MARUTI 800 engine oil pan. The normal modal analysis 

of an engine oil pan without oil and with oil by both 

numerical approach (FEM) and experimental approach gives 

the mode shapes of a thin walled stamped steel structure. 

Modal frequency response analysis is performed to predict 

the pseudo sound power levels. 

 To carry out the static analysis to the component 

muffler in the exhaust system. 

 To carry out the dynamic analysis to the component. 

 To carry out durability analysis to predict the life and 

damage of the muffler bracket   design. The S-N Curve 

is generated on basis of UTS in the Fatigue Process 

Manager 

 The FEM approach is followed to determine the 

damage and life.  

 To carry out normal mode analysis of a MARUTI 800 

engine oil pan (with oil and without oil) both 

numerical (Finite Element Method) and experimental 

approaches. 

 To carry out modal frequency response analysis of a 

MARUTI 800 engine oil pan to predict pseudo sound 

power levels by numerical approach. 

 Observation and comparison of both experimental and 

simulation results for impact test of muffler and to 

correlate with each other. 

III. EXPERIMENTAL ANALYSIS 

The various parameters like frequency, damping factor, 

scalar and modal vectors etc of a linear system are 

determined by the process called experimental modal 

analysis. Few years ago the experimental analysis method 

become popular because of the boost of technique called 

digital FFT spectrum analyzer. So to find the modes of the 

vibration of a component or a machine the experimental 

analysis is the good approach for impact testing. 

IV. PROJECT METHODOLOGY 

 Boundary conditions to be used to carry out finite 

element analysis and experimental analysis. 

 Frequency range of interest for engine oil pan 

excluding the baffle plate. 

 Calculation method for pseudo sound power level. 
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 Equipment’s used for experimental normal modal 

analysis. 

 The physical component Maruti 800 engine oil pan 

was measured for its dimension and     CAD model 

was prepared using CATIA-V5 R17.The finite element 

model for normal modal analysis and modal frequency 

response analysis modelled in ALTAIR-

HYPERWORKS v10. 

 Finite element analysis will be carried out with the 

application of input parameters and boundary 

conditions in MSC.NASTRAN. 

 Results obtained from the finite element method were 

validated by conducting experimental analysis. 

V. RESULTS AND DISCUSSION 

To find out the value of the Eigen value as well as Eigen 

vector the finite element method is used. From conventional 

finite element process the model is pre-processed, applied 

material properties, applied boundary conditions and post 

processed with the help of software tools and then these 

results are compared with the experimental results. The 

works done in this project are explained below. 

 
Fig. 1: Von-mises stress plot on muffler 

 
Fig. 2: Displacement plot on muffler 

In Figure 1 shows the stress plot of the muffler, the 

maximum vonmes is stress for the applied load I the critical 

region of muffler can be clearly observed and as the vonmes 

is stress theory is best suited for ductile materials we took 

for vonmes is stress as it is most suitable to ductile material 

and which describes the shear stress theory. As the 

maximum stress is well below our yield point we should 

conclude that the design is safe and we can reduce the cost 

by reducing the material which is unnecessary or else we 

can use the lesser property of modulus of elasticity.  

In figure 2 shows the displacement plots of muffler, 

the maximum displacement of 0.16 mm is observed which is 

very negligible. So the displacement caused is very less we 

can conclude that stress inducing in the area is minimum 

and we can make a correction in assigning the material to 

reduce the cost. Here we did the validation so we can 

conclude that the material used for making this component 

was safe but it is little bit of expensive so we can change the 

material to lower property. From figure we can observe the 

displacement. 

A. Pressure Analysis 

Pressure analysis of exhaust system is necessary because the 

system may come across various pressure due to the exhaust 

gas. In figure 3 the pressure analysis for the muffler has 

shown using CFD. In our analysis the pressure is taken as 

pressure load of 10.611 kPa which is imported from the 

CFD analysis. The gases from the inlet pipe will move 

towards the damages present in the case and these gases will 

disperse in various directions. So with the help of CFD 

analysis we can easily investigate the flow of gases and the 

effects causing in the system. 

 
Fig. 3: CFD analysis report for Maximum Pressure 

B. Experimental vs. Impact Simulation Results 

 
Fig. 4: Experimental & Simulation tri-axial accelerometers 

results 

In the figure 4 shows the acceleration graph of impact 

testing done on Maruti exhaust system. Graph explains the 

acceleration curve obtained from experimental was 10 g 

which is denoted by C were as from the simulation at 

accelerometer value was recorded as 12 g which is denoted 

as B were as the accelerometer value of the full system is 

recorded as 16 g. This shows that the experimental and 

simulation results for the impact simulations were matching 

the required data. 

VI. CONCLUSION 

The average maximum Von-mises stress due to this loading 

is around 235MPa the durability analysis is carried out with 

the load data from road load. 

The FEM approach is followed to determine the 

damage and life. Accelerations observed in experimental 

and simulation for impact test of muffler was found to 

correlate with each other. Depending on acceleration data it 
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was concluded that the new Maruti exhaust system was 

found to be safe. 
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