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ABSTRACT

To verify the Finite Element Method(FEM) model of an Exhaust System, Frequency
Response Function(FRF) is utilized. Up to now, generally, comparisons of natural

frequencies and mode shapes of the Exhaust System between numerical analysis and

experimental result are adopted to prove completion of the FEM model. However, the

comparisons of natural frequen- cies and mode shapes are not sufficient to have the
perfect FEM model of the Exhaust system. Instead of these comparisons, FRF method
is introduced for the more accurate FEM model.
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Fig. 1 Schematic Diagram of an Exhaust System
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Table 1 Comparision of Natural Frequencies.

(Unit:Hz)
Mode No. Experiment Bar Model
1 11.096 12.194 (9.86%)
2 13.361 13.507 (1.09%)
3 25.223
4 29.624 30,199 (1 94%)
5 40.397 39.996 (0.99%)
6 52.582 48 .443 (7.87%)
Fig. 4 Photograph of the Exhaust System for 7 60.084 61.362 (2.13%)
8 75.291 74.317 (1.22%)

Experiment

ro
H
2
mjo
]
oln

Fats x|/ 7 A A 6 &, 1997/ 1051



ol F B A H-P Y I

vlmste] N 4 mde] 97} 98T @
sleh,
%, Table 19 Yeh} 1= 26 33449 Fig.
20e =¥ E st Fig. 69 i34 §
S vizslel B9, D% F34(Table 1)%
4 (Fig. 5)9 ¥l@A 4¥e T8A 2Es 3
o 6¥A REs MEHASE & & Atk A
q fRazdde Fae 29 §4E 498
Mls) 2W, 20 Heolde 9deln 334 &

z

Analysis —'l-—‘-

Experiment —* ! /}t

(a) 2nd Bending Mode

4y

el
D "
i

Sop oz b

Experiment—»lk\.... PR 1m0

(b) 7th Bending Mode

Fig. 5 2nd and 7th Bending Modes of the Exhaust
System 1 (FEM Model :193 element Test

o ==
= Y
s ‘l
£ mlA- ) A
> S — =
i 1
$ o !
L3 b
£ o - 3
Y - 1 '
. \ N L )
a o L ] 0
Frequency (H2)
(a) Phase Angle

— Tem.

2

Magnitude (mmys*2N)
8

(b) Magnitude

Fig. 6 Frequency response function of the
exhaust system I

1052 /8t 2 2XES38EX/4 7 8 A 6 &, 1997d

gt nFgZoz olFFd RS Fig. 6°0A
& Utk &, AFEA wiZIAY 37 W (2w
o] &S 37&6}311:}@ 1F Foged 22y
o Al L /HE HE F U BAEY. ol
dd-e 6719 A{F=7t <§_ o] S

Zt =9 HE7t FAM FREC At &y

mﬁrr-i‘a

2
48 AZsy] A% o2 ng Fasre oy
¢g um@he AL BeASTE AL ¢ F 3
% asez, AAZ 2d 2334 AYEES ol
AN Fhe $9 AFE ol gete Aol wAs

o1 dddn,

Fig. 6& ¥, 40 918 2345 §9 ¥371
1. 2% 1f F3448 Agdstne 4¥ARY 23
3§ %oz ol5¢ AL T 4 Ut olUT WAL

Fo57t I/HEFE oS F3EA deva
ole Agd A& wiy|A HdERT A8 mdd
H8d Aol o A mde] @ o sl
o mebA 1A AAS] gkl B °4%¥——2,— 7
I e WA 257 AU e 8A ¢ s
Aok, wekA o] AAE EMse] ¥ A, l
o] FFF 73N 23N

N

Al FAEY Z4HY fEoz §FFHAD, 4
g 23 5§33 Aeg JoEHAY, EF o]
i ] i
¢ = ] I
$ mll \ \

R !
2 <
£ o
o
B B N T R
Frequency (Hz)
(a) Phase

£
£
s
a
8
|

Frequency (H2)

(b) Magnitude

Fig. 7 Frequency Response Function of the
Exhaust System I (30% Reduction)



ylA 2dy A3E AT e &2 F4 38

Hre dutdoz FIY Jo|Xo {3 84 BY
A 78tE 2 943 ¥ RS Ad = =F
Hol EAE 20~25%A % &4 3te Fo] g2
Aeg A Ut ol AHE wlBe=2 3
d 23289 diAFLE 4%l FH For §H
et A& dAse RS Fig. 794 & & U
o714 Fig. 79A 438 9 &4 ZA#AE ¥ as
o B Fiaf 3¢ e FL& dXE Edvn
A gE 15~28 HzRHA fade] dA&A &
2% o F Utk o] YUS A E of 4 #H
oA 7FA7] (exciter) Z HiZIAE 7 e 22
o] ojlA4H o2 utEHA] ¢rol o] FoFU(15~28
Hz)dlA 718 & 938 F& $HHEX 33 3
ARGEE P&3 Aoz #ddtt F, 7pAA
Zubgke] Went Zbd W ojye IALEE
= AE of7|A7 L ok ole FWF ¥MHT s
ANEE 43 ZAE AXY § gle 28y @A
o 23dtm Mzt ez, A¥3 ge A
o) Aeeld ML 7] fstd o] FupuiolA
AL Eo] VIR FEE AREE FTH3 F
XS std B AT, Fig. 8% o] AA
Hog 15~28 Hzo FaFdloA FdT A42E

2~ O
e -

de # A YA e 15-28 Hed oA

«r [~ w, T m}
=
4 A\
T Y \
& ™
8
=]
21!1
= 1
g&" AY 7
ie /.
£ o
a
P . A \ L s A : L ;
© -] k4 L o @ 0 n 0 w0
Fraquency (H2
(a) Phase

Magnitude (mm/s"2/N)

o
Frequency (H2)

(b) Magnitude

Fig. 8 Frequency response function of the
exhaust system I: X-rotation fixed

Ay 439 g Aele wWZIAIE 7HIAL
ARAAA WA FHEe] HA AREE TE
stozs B4 Aoz APHNUT wakd 4L
zde] 2l ojde] Yed & & Ao, T3
F " ¥FE vimstaord F& FHH =de
HAZol 7tede HogFa Ao

3. HfZ| A Mo DRAZ(EZ]|A )

W71 Al e ol ZdlAl Uy Wz =yt Fr7td
Uy dzzo gAdAFe 39 /g &
Wz gete 97 2H(4)E wHeE ¥
A Az 2dystm FggS ALdstd B
zdy 3t o™, Euler RA2E AHE
gz go Jgod s, Wg=o
7t w173 (R)ell w8 g A $olle Fas7t
of we} BAPstE A AP JFo] 1
%e w@yol Utk 2B, HAd HF gF
288 Timoshenko ¥ 84 (bar element)®
dagsdct. ow, HAE % AlF(shear
& A3t Ad A

o a2

o0k 5
oﬂl%oﬁ‘aof-br

Zlo

[
5%
<2

c%

]

2L ok fo B0 od

o

correction factor)

&S neistAT.

31 d=2x9 Il H RAY

Wz 2ol 3 33-& MaA(shell element)E =
d3ysie], e ¥ Y, vER EE DX
S AarstRcr. azlm, Sistd 2o WvA(R) ¥
FAG)E B2z #HiE WAE(R,) ¥ FAGWS
FdstA 2dysidt. AHgdE Belo e
407] o]t}

(1) &3k 72d ek At

MSC/NASTRANS AP A 343 CQUAD4
2 o] &3l Wzze dHE Fig. 99 #Zo 2d
gttt griA, Wazz % Bde x.y. W
s Ay, & IE Foe) FAA & AY
*E(node)E F7I8te] dF44 =9 ZHAE 84
(RBE2 beam)2 fZ3Ath zelzm, A7 ==
of &Wae d& stgezA 2 (7)ol o3 %
g Z3EE 7Rt

HRLSXNEZEEX/A 7T A A 6 &, 1997d/ 1053
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Fig. 9 Schematic Diagram for the Calculation of
Axial Stiffness of Bellows.
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Fig. 10 Schematic Diagram for the Calculation
of Bending Stiffness of Bellows.

Fig. 11 Schematic diagram for the calculation
of twisting stiffness of bellows.
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