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The Bend Modelling Technique in the Vibration Analysis of the Exhaust System
Yoon-Young Kim, Chang-Myung Lee, Young-Ho Kim and Jin-Hong Kim
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Abstract

When a pipe bend is modelled with straight beam elements, its stiffness, particularly in bending
behavior, is overestimated than its true value. In this paper, we propose a simple and practical
beam-modelling technique to estimate its stiffness properly. When this technique, based on the
strain energy concept, is employed to modify the beam sectional properties of the bend, quite
satisfactory results can be obtained. To verify the validity of this method, we apply the present
technique to the free vibration analysis of a center pipe with 2 bends, one of the three components
of the automobile exhaust system.

AR g 53817] fiAE B, AFAE, &2
LM 2 g 53 2L st Fxre4E o R3] mdld
e Aol wtghAslel, FAHczE mulyd 4
S&2F Al AFo] Al AFEHE Aze of & ded delHE & uf wir|Alg I
okabet, oj2)d ofe] AR FolA AAuIAlE 5 CADuleo]E & o] &3tn, EAAE Aot xd
¢ AlE A, AAEHA Fokeh AR HET & FH A Heh = 2] D4R F Qe
53t FAol web oS FL5HA sz gleh A Atole AFAFE ol &dte] msldeh o
wrebal wh71AE Fele] Aol AwHE AFE VIS A wiZAY 25 Advlrd, Se] A
2 455l7] A8 B a8E Jgel: &L F 3Ax|(catalyst converter), ol 48 7| (pre-silencer)
28} Apalejet, 22z »Ee(muffler £+ main silencer)d L3
AFAL AE A7 Saide izl Ad & 34 FFY ek oz FEEFER o] FeolA
AFHAE 78] 2 ATE &8 F3Fe o
Aol Fadtel, Ao]el izt ofwl Aot 4 o2l shol= FzE AAFo TFFEE bS]
S e Fxead ALY 44 FR2L W4 AW TIHE MRS 25 wedzsw
& sdsol & Aolrh, mat AA 27 AA T AR FrEo Y e FARAL A 5o,
Aol 4 mele] WA 2 S &olstAl stz A" RAFFrE AApEG e A4 ot




A8 B

=

Iz
— 2

AA 2 Fig 13 o] $o{R she]

598
Aol gok. webA WA AFHAT B

ATﬂﬁﬂo%ﬂL&&r%%ﬁﬂo_E ELMMHQ%‘,_Lﬂ,
FHE T LTH T MM 5w ST N T i
zvacvﬂﬂm%_AT%moﬁ%mo Tedsress :
He g e K £ N NP Lo e W o
X R o . o ) oy O sy KON P
B R i I Rl W NP RN - - L3
X <o R
TP Erag T FTas EIVeee 0w S % .52
D S grEg EEFgeoe M -3z 2%
— 7 . _~ —_ S R o
e e A A T N N EER R
— ! P o WO o~ E = 2
Fea T pgrwexTas TRLFFTEE W BEEER
Do W s &R M Lo E Ex 3 &3 8
s vap il Tacggros For&a i
S =, WS e N = N B =
PTL LB gD Tpfaindz2
4ﬂﬂﬂﬂdl&idﬁ”dtlm‘”\ml Mﬂn.ﬂ?%lﬂmmwwm
~ o X _— i I © N )
N o T T ou N oy = = o W a
—~ ®opp W . - oo (24
wr#%@ LlntﬁuFiﬂqﬁﬂiwﬂﬂiﬁwﬁ%o_a -
,zdﬂmmﬂq\ ﬂ%nﬁﬂmﬂ\oﬂb mNMn\\_/;A.ﬂw*m\olﬂmma
— = - % - »,
AREEEEIREE LS LS TSN : Ji
— ~ = i i L)
=0 Hr m N Uo _ M K3 e P m oM s F o ‘_nﬂuvr Y m ¢ 1 adid 1g8reng
WA AR TFT TR TR oy IHFTE D i sy N
XX G G SIS A L,
TR P WT W E MR T ST Y FZ
—~ —_— ~,
AT TR T T B o R F oo A A 4 G N B L B L S B
oL T ~ ab e ok T ot e v Rl
N 3 G (\ T A > BT
ol a P i e e B S B A )
- o -~ i B bl NoX )
%W F 5 = ) n o ¢
= S X o X R @ oo RN o < = o} B Y
Bw Ly Top g T W O R T T I
T oo R & oF S S o ko] wo=s 8 - " Tﬂ_w,ﬂw ) H |
S Rt HNE s g ®ER oo O IR e T up
X iy B o O o= ° TP s MMoTiﬂﬁodn“_.or + F oe ool
leu oﬂﬁm o T = + o (vm\. AMO 20 i B ol 44 I i s " g ly el iy & B
R T T X g ot Bl oo ¥ 4 ST O S Lt
T da M wE T MEe RN adp®gew | oK BB
L —_ = T T =l e L
ey X PreddTowa o 7&acﬂ_Wﬂio_a#m%bﬁy
A T N L - T e N N BT R U N IR |
R E TR, ° e B . i B -
= T T 4 e =’ - FE e T R = 2y o S oo P
X e T oo] me R I #3 0 hT_ SCY o o4 N o 3 iny
S Mw Bywdmns Mw T Mw i wm R mw g X% o g wﬁ
p AL TSI Meags o AN R A e
Cy bV y o M= X T a1 W o 2] [:) o o T 5 T T =T o -
w SR o X 0w TTH W TF ool gy Do
R o N
Pt FPER_ocHANTEYT Ae®w " Te Yo amwa g
Hodmrw ok 2% %5 7 T p o - Bl S S ol - ]
]ﬂﬂroovul_ﬂud.wdna7zwmuo flo - & T MW o g O s R
~ ,% . ) Wm W ™ % Klo w o oo ey W T 2o o F Rl oo 70
PIRETHTTHT PT P Bl AN N TR OPERTRP PR TP AR
o G B B S S T G Gl RS TEHTPFTRT T 4R PT

Fig.1 The geometry of a curved pipe and local
coordinates
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Table 1 The natural frequencies of the curved pipe in Fig. 1 (unit: Hz)

. Beam modelling Beam modelling
Mod b hell 11
ode number Shell modelling (After modification) | (Before modification)

1 1.24 1.72 (38.7%) 1.22 (1.6%)

2 5.58 5.75 (3.0%) 5.67 (1.6%)

3 5.89 5.98 (1.5%) 5.92 (0.5%)

4 791 8.67 (17.8%) 7.93 (0.3%)
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Fig. 3 Theschematicdiagram of the experiment setup
for the free-free center pipe of the exhaust
system
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Table 2 The natural frequencies of the center pipe in F ig. 3(unit : Hz)
(The numbers in parentheses denote the relative errors of the present results with respect to the

experimental results)

Beam modelli Beam modelling Beam modelling
Mode number Experiment © mo‘e: mg (After modification (After modification
(Before modification) .
from drawing) from measurement)
1 375 67.98 (80%) 46.1 (23%) 41.81 (11.5%)
2 67.5 100.23 (48%) 74.4 (10%) 70.24 (4.1%)
3 86.3 175.43 (103%) 106.0 (23%) 98.99 (14.7%)
4 2175 261.24 (20%) 246.1 (13%) 240.57 (10.6%)
5 235.0 277.9 (18%) 267.4 (15%) 262.62 (11.8%)
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