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Development of Vibration Prediction Technique for Automobile Exhaust Systems
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ABSTRACT

A simulation technique that uses a finite element
method model for predicting vibrations in the exhaust
system was developed. The flexible joints, that is,
vibration adsorption joints are faithfully modeled on the
shape of flexible tubes and the properties of other parts
are assigned numerical values. Further, an accurate
model is obtained on the ball joints by assigning
numerical values to the dynamic properties of gaskets.
The vibration force of engine is obtained using the sum
of the force of inertia in component parts and reaction
force produced by combustion pressure. This made it
possible to predict the forces transmitted to the body
from exhaust hanger so that the vibration phenomenon
could be understood in terms of overall exhaust system
behavior. This in turn made it possible in the pre-
development stages to study the characteristic effects of
altering exhaust hanger positions and using vibration
absorbers in order to decrease the forces transmitted to
the body.
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Fig.1 FE model of an exhaust system

22.0000000000000000
oooooooooooooooomooDbooboon
gboooooobooobomooooboboooboooobon
gbobobooooobooboobo
gbobobobooooooooooooooboooboon
goboooboobooboooboobooboobooboon
gboboboooooooboooboobobobooobooo
gbobobooooboooooooooooboooboon
gboboboobooboobooboboboooon
gbmoboobobooooo
OO000O0O000OCOO0O0D0OO0O00D Rg20000O

Flexible tube

Outerbrade

Heat guard

Fig.2 Flexible Joint
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Fig.3 A test part for analysing dynamic characteristic
of the phenomenon of a flexible joint
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Fig.4 Measured FRF of flexible joints
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Fig.5 Comparison of FRF of the flexible joint
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Fig.6 Ball Joint
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Fig.7 A test part for analysing mechanism of the
phenomenon of a ball joint
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Fig.8 Measured dynamic stiffness of ball joints
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Fig.9 A test part for verifying correlation
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Fig.10 Comparison of FRF of the ball joint

gboboobobobobobobobooooobooon
gbobobobobooboooobooboboboonog
gooobooooooooooboooooooooboooo
gbooooobooobao

23.0000000000DOO0O0OODDOO

gbobooboobobobobobobooooooon
gbobobobobooooooooobobobooboo
gbobobobobooooooooobobobonbo
goo

0 1290



HONDA R&D Technical Review

Vol.12 No.2 (October 2000)

000000000000000000000

000000000D0000000000000000
00000000000000000000000000
00000000000000000000000000
ooompee

000000000D0000000000000000
000000000000

000000000000000[0]00000[0]00
00000000000

[D]O[O][0]000000

OOoO[@pO0000oo,[0p000000ooooo
000000[0]000000000000000000
000000000000000000000000000
000000000000000000[0]0000000
00000[0,]000000

24.00000000

oo FEM OO0OO0O0OO0O0OD0OO0OO0OO0DOO0O0O0OO

gbobooboobooooooooooooooooon
ooooOoOoOoODOOOOO0O0OFRgADOOOODODOOO
120 0000000DO0O0O0OO0O0O00O0

oooboooboooomMACLOODO08 DOOODDO
good

Fig.1l OOOOOOOOOCOOOOOoODO

FEM TESTING
Eigenvalue problems Modal analysis

MAC=0.8

Cofficient of correlation (MAC

FEM Model
finished

MAC<0.8

Definition of the design variable

\ 4
Sensitivity analysis

« Proportion sensitivity analysis

« Structure sensitivity analysis

(thickness, mass density, young’s moduls)

A 4

FEM Model
Modification data

A 4

FEM
Eigenvalue problems

Fig.11 Flow chart for verifying correlation of accuracy

gbobobobooboooooboooboooboobooban
gbobooooooobobobobooooobooobooon

O000OFrgl12000000000000O0O0O0OOO
0000000000 O0DOO0O0 PointADBODOO
gboboboboboooboooobooboboboonoog
gboboooooooboboboboobogoonog

Point-A
(Exhaust hangar) T
Reference

(Load)

Point-B
(Exhaust hangar)

[ ;%Iexible Joint

« Ball Joint

Fig.12 FE model of an exhaust system
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Fig.13 FRF comparison of point A and B
in the flexible joint
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Fig.14 FRF comparison of point A and B
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Fig.130 140 000000000000 OOOOOOO
gobobobobooooooog

gbobobobooboboooboooooobooobooon
goobobobooooooog

uoboboooboobooan

gbobobobooboobooooooooooobooon
gbobooboboobobooobooboooboooboooboon
0oODoo

gboboboboboboooooooooooboon
gbobooooooobooboboboboboooooo
gboboooobooobobobobobobooboooo
gboobooooooobooboobooboboboboonoo
gbobobobooooooobooob

gboboooobobobooobooooooooon
gbobooooboobobobooo

gbobobooobooobooooboboboooo

Figd50 0000000000 O0OOOOOOOOOOO
gooogoo

S=r (1—cose)+%rp(1—00529) ooope =

—|=

gbobooogo

d?s
dt?

=rw?(cosh + p cos20)

gooo
gbobobobobooboobooboooobooobooooon
oooo M 0o0000000000000000

F,,=—M,r w®(cosd + p cos20)

gpoooood
ogoooooobdddodoodoooooooooao
mM,000doooooooodoooodgoood

F,, =M, w*sin@

F,x = M, w?*cosf

gbooboobad
gbobobobooboobooooooooooboooboon
gboboooodo rFOOOOODOODOODOOOO

F.=F .ls'#-(r cosO + |,/1- p*sin°0)
/—2—§n29
P

z

/?w?

Fig.15

gbobobobobooboooobooboooboobooboan
0000000000 O00DOO Fgle OOOO

A | T T
_ 1div=20dB Calculation
(] W
E - 3 WW!I
o™
S|%
‘§ . \"ln. >\
% V\K/ Measurement
Q -
Q
<

10 30 50 70 90 110 130 150
Frequency (Hz)

Fig.16 Response comparison in engine mount
during firing

01310



HONDA R&D Technical Review

Vol.12 No.2 (October 2000)

OO000OFrgl12000000000000O0O0O0O0OO
00000000 PointADBOOOOODOOOODODOO
gbobobooobooobod

gbobobobooooboooooooooooooon
0000 RFgd7 ODODOO

\ \
1div=20dB ‘
¥ A Measuremen|

__.-ﬁ’;\\;ﬂd\ W !k:/\%m,g%
N A A ]

Point-A

Acceleration level

[Eny
o
w
o
a1
o

70 90 110 130 150

Frequency (Hz)

A | | T
_ 1div=20dB l\/le%remez}
<] A
E & = L
SR M A w
g |
3 .W 7 t |
< N Point-B

10 30 50 70 90 110 130 150
Frequency (Hz)

Fig.17 Response comparison in point A and B during
firing in case of flexible joint

gbobobooooboobooboobooooooboobon
o000 Figl8 OOOO

Fig.170180 000000000000 OOO0OODOOO

gboboboooboobooboboobooo
gboboboboooooooooooooobooobooon
gbobobooooobooobooboboboooon

gobogobbooobood

Fig.1o 0O 0O0OOO FEOODOOODOOOODOO
goano

gbobobooboooobooboobooobooobooobon
gbobooooobooo

gboboboooooobooboooboooooboooboon
goboboooooooobooboooooooboooooo
gboobooooooboobobobobooboobooobooon
OO0 Fg2000000000000000O0O0OC0OOO
gboboboboooobooooobooboboboobooo

re T \ \
5 1div=20dB Measurement
> A |
(] %
E A | VL
B - I 3 S W -
D | x ] %V’"’r N‘V\w‘_
O |.w\2 . .
S % R et
< ‘W IV “A\J/| calculation/ .
: ‘ Point-A
10 30 50 70 90 110 130 150
Frequency (Hz)
A | | i -
— 1div=20dB - Measuremen M‘Hli‘q
g| ., . \oa g T
2t !A 7[ | Ty
=l .
o .
] \ TN _-" Calculation
8 i |
< | " -
Point-B
I

10 30 50 70 90 110 130 150
Frequency (Hz)

Fig.18 Response comparison in point A and B during
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