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Abstract-This project aims to evaluate the structural iritggyf passenger car exhaust system components by
Computer Aided Engineering (CAE) Simulation.The uttss obtained assure the structural integrity of th
exhaust system and also contribute to a betterrstasheling of this system. Finite element modelsgarried

out for Hyundai i10 passenger car exhaust systeng udtair's pre-processing tool Hypermesh. Statalysis

is performed by using Msc Nastran for exhaust carepts to determine the high stress region, andtakso
maximum displacement and reaction forces are obdeat the bracket and hanger locations. The reausdts
viewed through Altair's post-processing tool Hypiew. Modal analysis is carried out to determine the
structural behavior of the exhaust system. Disptegds are found at accelerometer placing locatiorder
dynamic loading by carrying Modal frequency resmoasalysis.

Index Terms- Catalytic converter, Exhaust manifold,Muffler,Existflange, Vibration isolater,coupling.
environment seen by an exhaust system in the \eehicl
1. INTRODUCTION can be simplified and modeled using numerical
Every increasing demand for durability, simulation. By using engineering experience and
lighter and cost effective designs of automotiveime-tested assumptions, valuable information can b
products have lead to more frequent usage afcquire d in relatively cost and time-effective way
powerful Numerical techniques for solving structurathanks to the computation power boosted in recent
problems. In the automotive industry, the detectibn years.
structural failures has traditionally relied on yirg
ground road load tests. It is generally recognited
developing designs through testing and retestimgus
several prototypes is not helping in acceleratimg t
product development. Hence designing the exhau
system for structural analysis is extremely impatita
The automotive exhaust system Physical tests off
durability evaluation of all the exhaust systen
components. There are several different tests fi Mufflers
validating the exhaust component designs und /
different loading conditions. For example, osciligt
load test is used to test all welds under bendiagd,
the road load rig test is used to test the entiteest
system and components under road and thermal loads, _ ) )
and engine dynamometer test is carried out under  Fig 1.1: Typical exhaust system design.
exhaust and thermal loads. Exhaust systems praserd Experimental Analysis
special case because of their geometry and the The modal tests were performed for the
constraints placed on their design by the undertoddy 9iven exhaust system. In the test, initially extaus
the car. Exhaust systems are submitted to mafystem was suspended with free-free boundary
dynamic input loads, the most important one comingonditions. During the second modal test, the eshau
from the engine. The induced vibrations are spresystem was installed on a dynamic test bench in a

along the exhaust system, and forces are transhitt@imilar way as it would be in operational condigon
to the car body through the attached points. The acquisition of experimental data was carriet ou

Overview of an exhaust system using shaker excitation. Tri-axial accelerometeesen

Exhaust system plays an important role in th&sed to measure the response in every point.
performance of the vehicle. It carries out all thent ~ To sufficiently realize the free boundary condigdn
gasses from engine to atmosphere. As a traditionakperimental modal analysis [EMA] the Exhaust
procedure, track tests are made to assure the rprop¥stem is suspended at the hanger attachmentstand a
structural design of vehicles and life determimatio the connection flange.

There is a worldwide trend to use more Computé‘From the initial FE analySiS it is known that matis
simulation structural behavior and decreases the ti In the z-direction perpendicular to the x-y plafiehe

to market and coasts. A complicated real worl§ystem .The excitation developed from the engines a
generated in the test bench. The shaker is corthexte

Catalytic converter

Flexible joint
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exhaust through stringer and force transduceB.1.2 3D catiaV-5 model

Triaxiality accelerometers are used to measure tt

gravity load or acceleration. Accelerometers ar .
attached on each hanger location and differel
location of the Exhaust system.

. 1"\5 ot
Table 2.1 Experimental data o
S No Modesshapes Experimental frequency(Hz) .
1 1s Mode 12.2 Fig 3.2: Representation of exhaust system in 3w vie
2 2nd Mode 13.8
3 3rd Mode 16.4 3.2 Material property:
4 4th Mode 19.28 Stainless steel started to be used as material for
5 5th Mode 21.3 decoration in automobile. However, in recent yeirs,
6 6th Mode 26.61 is mostly used as material for the exhaust systeis.
7 7th Mode 34 because those stainless steels with good perfoemanc
8 8th Mode 44.4 of high temperature characteristics and high ciros
9 9th Mode 54.18 resistance meet the social needs for clean exhaust
10 10th mode 71 gases and reduced weight for better fuel economy.
. . Material used for structural analysis of Exhaust
3.Geometrical overview: system is Stainless Steel (SUS 304B).The isotropic
s, | :*j"-'"'j“:j; ‘material properties used in a FEA analysis are as
NemasFlanga ;;lhh;‘:w — y;t ‘ ‘5;5; T'\;c;sss;;m’r! fOHOWS-
paasinl | o WS eiie, Wi | Table3.1: Mechanical properties of steel matersaicl
ond " vearse Mas2fe | in Exhaust system
”“N-. -Lg— . K3=20000Nm Narrs=Taan-a'yr Wase=: 3Kz \
VA Vateigsete it . |SI.No| Mechanical property of
/ // Thicsnssgs’ e . Stainless Steel Value
wa a1 27k ‘
J 1 Young's Modulus(E) 2.08x%0
/ N/mm?
- 2 Poisson's Ratio(v) 0.31
Nama=Eshaust vabve \ Mame=Pipe /
Material=stez! Material=stee! ezl i
:h ‘fkngss;; - m:mz;::?l Lk / Mma‘;m:m 3 Density(p) 7.85x ml?—O n/m
sl Thickness=2 5t il meld 4 Yield Stress(ay) 350 N/mzm
; ase=0 20kg / ast=0 039
Narré=Baffl plat I
f« o i) 5 Ultimate Strength(au) 450 N/mim
ok Thicknessstm Malerial=sleel
Wasss0 g Thicknesss 1mm
Mags=0 096kg

4. Finite Element M ethod

) i . . Import the IGS file to hypermesh and clean up the
3.1Geometrical configuration and material propefty geometry. Types of elements created is listed below.
the Exhaust system

M eshing details:
3.1.1 2D drafted CAD model

Sl no.. [Typeof element |No of element
1 Quad4 67490
2 Tria3 129
3 Pentab 1296
4 Hexa8 479
Fig 3.1: Schematic front and bottom view of 2D Total 69394

drafted model
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5.Boundary conditions 3.Boundary Condition at the rear muffler region.
1.Boundary Condition at the flange region .
y gerey The PEUSH element 1=

Beolt holes of Flange connecting fixed to the llgld EBE:
to Exhaust manifold is

constrained i all dofiUxz, Uy,
Uz, Ex, By, Ez =0) with nigd
element EBEZ.

Fig 8.3: Boundary Condition at the center of the
exhaust pipe on hanger region.

Fig 5.1: Boundary Condition at the flangeregion
Boundary Condition at the Bracket region.
A bolt hole of Bracket

4. Boundary Condition at therear muffler region.
region 18 constramed n all &

Th= = P2T2H elements at

dof with rigid element “he 2 bolted region of 40 mim

EEEZ2 The PEUSH element length are coastained in all
iz used to mount the exhaust s DOF.
2. Boundary Condition at the center of the

exhaust pipe on hanger region.
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5. PBUSH element is used in region of Flexible Mode?2
Joint. -

Drihic mieol )
Ay fyitim

[lssm 1nd Mode frequency=14.73Hz

14204
14

The stiffess of bush element 12
K1=15Mkam L

m

K2=15M/m E3=30M/mm E;'f;;

000

Ma-‘"'lﬂ':!.‘l.l ] -

Fig 6.2: 2ndmode shape Natural frequency 14.73 Hz
Mode Mode 3
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6. RESULTAND DISCUSSION OF MODAL

ANALYSIS :
M ode shapes of exhaust system ‘(LX
Mode 1 Fig 6.3: 3rd mode shape Natural frequency 17.33 Hz
Mode 4
Fig 6.1: 1st mode shape Natural frequency 13.3. 0
Hz . ”:5‘3"@’ " 4th Mode frequency=19.81Hz
g o
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Fig 6.1: ' mode shape Natural frequency 13.35Hz Fig 6.4: 4th mode shape Natural frequency 19.81 Hz
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Mode 8

Contour Plot
Displacement(Mag)
Analysis system
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Fig 6.5: 5th mode shape Naturalfrequency23.17 Hz *

L

Fig 6.8: 8th mode shape Natural frequency44.45 Hz
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Fig6.6: 6th mode shape Naturalfrequency 28.69 Hz Fig 6.9: 9th mode shape Natural frequency 56.25 Hz

Mode 7 Mode 10
Cael Phed

Contour Plot (tmpacemeriMag)
Displacement(Mag) Anlyits vl -
Analysis system 153 “}“I Mﬂdf fﬁ‘q llt'n(!]f '74:9“[']1

a 7th Mode frequency=35.05Hz E*’ i
[22 # .

19.504 =1
1678 (1]
[13 % lv:1 35

1119 101

839 E )

55% 18
[2 ] {1 1

0000
Max=25179 Nada 158034 -
Node 168624 M "

z I-

L X
vl X

Fig6.7: 7th mode shape Natural frequency 35.05 Hz Fig 6.10: 10th mode shape Naturalfrequency 74.90 Hz

176




International Journal of Research in Advent Technology, Vol.3, No.2, Febraury2015
E-1SSN: 2321-9637

7. CONCLUSION

[6] 6. T. Lauwagiel, J. Strobbe, E. Dascottel, J.
The present work illustrates meshed model of exhaus Clavier, M. Monteagudo ,Dynamic Design
system satisfied all quality critefig hence the results Solutions, Interleuvenlaan 64, B-3001, Leuven,
are accurate. Typical road conditions are consitlere  Belgium. “ Optimization of the Dynamic
for loading. Static 1g load is preferred for smooth  Response of a Complete Exhaust System”
road, whereas road load for rough road whick7] 7. Arunpreya K, Soundararajan S General
included with pot holes, bumps etc., Loads and Motors Technical Centre India, “A Finite
boundary conditions are accurately simulated to Element Methodology to Design and Validate the
obtain the realistic loading conditions. Performance of an Automotive exhaust System”

2012.

From the normal mode analysis we ard8] 8. S. Rajadurai Head — R&D Sharda Motor
obtaining the natural frequency and mode shapes. Th  Industries Ltd, N. Suresh Sr. Engineer — CAE
obtained natural frequencies are correlated with th ~ Sharda Motor Industries Ltd “Systematic FEA
experimental results. By the percentage error @ th  Study of Passenger Car Exhaust System Using
comparison is well below the 10%, hence the results Radioss”.
obtained is acceptable. Mounting of bracket an{f] 9. Mr N. Vasconcellos, Mr F.dos Anjos and Mr
hanger locations are determined based on mode M. Argentino, debis humaita IT Services Latin
shapes obtained by normal mode analalysis. America, Brazil “Structural Analysis of an

Exhaust System for Heavy Trucks”.

From the structural design point of view the[10]10. Deming Wan and Christy Simms, Arvin
structure is considered safe as the stress levels a Meritor Inc. “Dynamic Analysis of a Full System
well below the ultimate stress. It was verifiedttha  Durability Test in Vehicle Exhaust Systems”.
numerical models validated with experimental data Published on Noise and Vibration Conference &
are a powerful tool during the development phases o  Exposition Traverse City, Michigan April 30 -
vehicle, reducing project time and costs. May 3,2001.
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