SHAMA S A w71 A 2d AT

Development of a Model of the Exhaust System for the Stress Analysis
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ABSTRACT

A Simplified Finite Element Method(FEM) model has been developed for the Exhaust
System. For the verification of the usage of the developed model, Natural Frequencies,
Mode Shapes and Frequency Response Function have been compared between numerical
analysis and experimental result. It shows that the developed numerical model also can be
utilized to prove the Stress distribution of the Exhaust System if it can be adopted for

the vibration analysis adequately.

1. M =2

AFAe TA53E, EHY IEFdd GE 4AF,
A5 2 wj717bA H3Y 78t 2 AGH sl A
371 93t Ve, AZs AEA A+HI
Atk ols} B Aol A wiZIA AF AYE F
ol ool wiZlA AF Za 2 JfFAH 41 FE
Z8% FAZ A48T Aok wisiAY AF A
o gElME AT FTLAUE 043 siyo] B
sA AgPHT o, 53 THHNH FAsodE

LAE AL 2dy Wge] FHE oFL
. 238y HZY wi7lAle o &% 7] (pre-silencer)
Y #2487l {(main-silencer) 2o v} §7] (catalytic
converter) Ut W2 Z(bellows) 5 715E Y AMLo=
ARNLAE H242 48T A$ ARG A4
of B A WoT ¥ WU ofyE, s U

o] AEZHe Uy xS YOE FUIE Foh 1
oz A2 AF R WP EAS AAd 4E
2z e RN wriAle e fHEd
o) Fjel A e7dyy Yo,

agez, ode AFWeaMe WAAREH
Azo g Ag F43 SHAN W3 R FH0]
£0]5 B 24 (bar element), I%F Z %F(concentrated
mass) 84 9 A QA(rigid bar)E AE3o W)
AA §F 22 2de A9 =8, 48E F
3ty 2= ¥} 2 Fog 3TE ¥ (frequency
response function)& ®BlZFL2ZHN AF AHAE 9
g w7A fF 24 R4S ASIATY ol E utg
o8 B AFdiE 2tad wiriA EdE o] &t
28 B ¥ (stress distribution) o} #7t7F 7Hs3E B
Joex, AR AFAL 2 wWiZIAY HrAde
788 ui7]A #2 A A (optimized design) 1%
g ntA st RS

E dpaAME o e 8 & FF
8484 ==za¥de SDRC/I-DEAS$E MSC/
NASTRANE At43le Fagd ©E S

o

ZLSHESEHEX/A 9 A A 2 5, 1999d/295



Ay E-o g H-% A

Table 1 Specification of experimental instruments

Manufacture
Apparatus & Specification
type
Force B & K
transducer 8201 3.92 pC/N
Acc. B & K 4370 10.15 pC/ms2
. MM
+
Strain gage EA-06-062A -120 120£0.15% 2
B & K 2635, 1 Ch.
Amp. PCB 482A16, 4 Ch.
MB SS2500M 1 Ch.
Signal Zonic & AND 1 output Ch.
analyzer 4001 8 input Ch.
Strain gage Measure, group 10 Ch
indicator P-3500 & SB-10 )
Exciter MB C150HP 500 1b output
Vibration MB
controller DS2001 1 Ch.
Personal Mac. quadra 950
computer digital ventrius

Bellows Catalyst Pre-Silencer Sub-Silencer Pipe Main-Silencer

Fig. 1 Schematic diagram of an exhaust system
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(a) 2nd bending mode (FEA)

—

(b) 2nd bending mode (Experiment)
Fig. 2 2nd bending mode of the exhaust system
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Fig. 3 Frequency response function of the exhaust
system (¥}71A 1 : 48 point)
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(a) 4th bending mode (FEA)

(b) 4th bending mode (Experiment)

Fig. 4 4th bending mode of the exhaust system
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Fig. 5 Frequency response function of the exhaust
system (8714l 0 :48 point)
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Table 2 Comparison of natural frequencies

Table 3 Comparison of natural frequencies

(Unit : Hz) (Unit : Hz)
Mode No.| Experiment Bar model Mode No.| Experiment |Bar model (k=0.002)
1 12.831 11.095 (13.53 %) 1 4,35 491 (19.71 %)
2 14.031 12.194 (13.09 %) 2 - 5.489
3 25.223 25.378 (0.60 %) 3 12.753 11.935 (6.414 %)
4 32.373 34.199 (5.64 %) 4 13.754 12.480 (9.256 %)
5 40.397 39.943 (1.124 %) 5 21.573 27.961 (1.407 %)

I-GERS Master Series 4:

( k : Shear correction factor )
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Fig. 6 Element forces of the exhaust system (4th mode 33.24 Hz) : #71# I
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Fig. 7 Element forces of the exhaust system (6th mode 37.56 Hz)
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Fig. 8 Photograph of the exhaust system for experiment

Fig. 9 Photograph of the strain measurement system
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Fig. 10 Strain frequency response function of the
exhaust system
(Y -axis bending strain : ¥ 7}A 1)
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