120 #IFIAEATEE=EF A 14 A 135, pp 120~130, 1993.

= B> SAE NO. 933742

AR WA A AAE A ARLEAY A2 DR AT
' A Study on the Evaluation of Engine Motion for the Design
in Automobile Exhaust System
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ABSTRACT

In the analysis of automobile exhaust system, the exciting forces from the engine determine the

dynamic behavior of the system and the dynamic characteristics influence the riding quality. Therefore,

the identification of the force in numeric value is quite important for the vibrational reduction. However,

the value is difficult to obtain by experiments due to harsh conditions arund the engine. In this research,
an optimization technology is adopted to evaluate the exciting forces. An exhaust system is modeled
and analyzed by finite element method. An experimental method is conducted for the verification of
the finite element modeling. Displacements on the end of the exhaust system are measured under

the idling environment. Cost function is set up to minimize the differences between the displcements

of the numerical stmulation and the experiment. Design variables are the components of the exciting

forces. That is, optimization is utilized to estimate the forces with existing data. Excellent estimations

have been calculated efficiently and the information is used again for the forced vibration of the exhaust

system.
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Fig.1 Flow of the idea of the research
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Table 1 Dimension and material property of each component
" Component(Element Type) Pipe(Pipe) Muffler Hanger(Truss)
(Quadrilateral Shell)

Quter Radius(mm) 486, 42,7 X X
Thickness(mm) 16 4.7 X

Young's Modulus(kg/mm?®) 2.1 E4 2.1 E4 115

Poisson’s Ratio ‘ 0.3 0.3 0.3

Width(mm) : X 390 X
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Fig.4 Exhaust system set-up
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Table 2 Comparison of simulation with expe-

riment
Simulation |Experiment| - Error
Mode |l " | | )
1 7.364 6.875 7.1
2 12.439 11125 11.8
3 17.067 14.750 15.7
4 22405 19.500 149 .

(a) Simulation

Fig.6 1st mode shape
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Table 3 Results of optimization

olgre} « w3 - ol U]

For 1—node) )
Input, OQutput Direction Assumption Optimization Error( %)
Dx 0.9265 0.9859 64 -
Dy 0.9265 0.8081 12.8
Engine Dz 0.4730 0.3392 28.3
motion Rx 0.008726 0.006540 251
Ry 0 0.000609 -
Rz 0 0.000045 —
Disp. Node Ux 0.374 0.316 15.5
Uy 2.408 2.313 3.9
{(mm) 230 Uz —2.657 —2.642 0.6
For 3—node?
Input, Output Direction Assumption Optimization Error( %)
Dx 0.9265 0.9106 1.7
Dy 0.9265 0.9166 11
Engine Dz 0.4730 0.5054 6.8
motion Rx 0.008726 0.008795 0.8
Ry 0 0.000024 -
Rz 0 0.000021 -
Node Ux 0.977 0.962 15
Uy 1120 1.225 94
Disp. 14 Uz —0.925 —0.930 05
Node Ux 1.545 1.533 08
Uy —1.403 —1.409 0.4
(mm) 186 Uz 1.788 1.793 0.3
Node Ux 0.374 0.365 24
Uy 2.408 2.395 0.5
230 Uz —2.657 —2.641 0.6
For 5—node)
Input, Output Direction Assumption Optimization Error(% )
Dx 0.9265 0.9220° 0.5
Dy 0.9265 0.9091 19
Engine Dz 0.4730 0.4995 5.6
motion Rx 0.008726 0.008740 02
Ry 0 0.0000456 —
Rz 0 0.0000404 —
Node Ux 0.970 0.969 0.1
Uy 1.652 1.643 05
Disp. 7 Uz —1221 —1.206 12
Node Ux 0.977 0.976 0.1
Uy 1120 1218 02
14 Uz —0.925 —0.922 0.3
Node Ux 1.545 1.544 0.1
Uy —1.403 —1.409 - 04
(mm) 186 Uz 1.788 1.793 0.3
Node Ux 1.075 1.074 0.1
Uy —0.587 —0.589 0.3
199 Uz —0.521 —0.520 0.2
Node Ux 0.374 0.373 0.3
Uy 2.408 2415 0.3
230 Uz —2.657 —2.659 0.1
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(a) node number 199 (x-y plane)

Fig.13 Photograph of each part measured

(c) node number 230 (x-y plane)

Table 4 Engine motion by optimization(damping ratio : 3.1%)

Direction Engine motion L Disp.  Disp. Error
Node Direction
Dx 0.00301 (Opt.) (Exp.) (%)
Dy 0.99665 Ux ©0.79 0.8 13
Dz 0.79482 230 Uy 1.93 1.9 1.6
Rx 0.00396 Uz 1.80 18 . 0
Ry 0.00263 '199 Ux 0.19 0.14 35.7
Rz " 0.00001 Uy 0.24 0.25 4.0




130 o] g}9]

6. & e
ﬂ’—ﬂi} 718 2 A2 du) AL o
+ERS FE FH T8 9 ot
zgga%—g- Lttt
2
B Tuade TLAFS
Bale] 1 gFAe] dEFE Ut
2) AE = u) 7A@ A R F 8 A A E) A Q)
HEgL sl dIAAF BT AP
'-(ﬂ%l_%%ﬂﬂ)-% Az 7iYeg ol
W e E 2k,
3) dAEA

ATNM AL AFR W7IA A
qYe

D

@ AEZL HAY Qe 2
¥ WAL TN 9B A= wa
@ A%, ¥aA Fe AHE BT

H AHF ez AYLFANE FHe
24 AEAS FRE L AN YT
& NAAAN7 98 W2z 2x

Toa
YA B HAHAX ARZFH 22 v

AA AAE B8 S,
A 3 2 8

—

. Kazuyosh Tokayama, Osamu Onedera, Kat-
suhiro, 1988, “Shock Wave Development and
Propagation in Automobile Exhaust Sys-
tems”, SAE Paper, No.88082

. Kiyoomi SATO, “An Analysis of Elastic Vib-
ration of Exhaust Pipe System”, UDC, Vol.3

. Tomoaki MIWA, “Vibration of Exhaust Gas
System”, UDC, Vol.35, No.4

. H.Hata, H.Tanaka, 1987, “Experimental Me-
thod to Derive Optimum Engine Mount Sys-
tem for Idle Shake”, SAE Paper, No.870961

-9 -

10.

11

12.

13.
- 14.

16.

16.

. M.ML.A Dehghani,

o] A3

. Masanori Ishikawa, Mitsuo Iwahara, Akio

Nagamatsu, 1991, “A New Design for Engine
Design Using Dynaniic Optimization and Su-
bstructure Process”, SAE Paper, No.911065
Hasan Sehitoglu, 1983,
“Optimization of Engine Controls Using Geo-
metric Programming”, SAE Paper, No.830429

. JMDesantes, F.Boada, J.M.Corberan, 1985,

“Exhaust Pipe Design Method for the Opti-
mization of the Scavenging Process”, SAE
Paper, No.850083

. Chung M.Suh, Mitsuo Iwahara, Akio Naga-

matsu, 1991, “Frequency Optimization Tech-
nique Based on the Anti-Resonance Sensiti-
vity Method”, SAE Paper, No.911076

. Ansys Manual, 1989, Swanson Analysis Sys-

tem.
Glen VBerg, 1988, “Elements of Structural
Dynamics’, Prentice-Hall
M.L.James, GM.Smith, ].C.Wolford, P.W.
Whaley, 1989, “Vibration of Mechanical and
Structural Systems ..
Garret N.Vanderplaats, 1984, “Numerical Op-
timization Techniques for Engineering De-
sign”, McGraw-Hill
Jasbir S.Arora, 1989,
mum Design”, McGraw-Hill
Edward J.Haug, Jasbir S.Arora, 1979, “App-
lied Optimal Design”, John Wiley & Sons, Inc.
Garret N.Vanderplaats, 1979, “Efficient Algo-
rithm for Numerical Airfoil Optimization”,
Journal of Aircraft, Vol.12, pp.842-847.
A, B A, ol ¢, 1992, “HAH LA A
o] A= AN 9] FRAQE HWrte] &I AT,
oA =2, AeW, A2F, pp.
236-247.

“Introduction to Opti-



