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Analytical Model Improvement of Automotive Muffler
using the Experimental Results of Transmission Loss

Jin Nyon Jung*, Won Jin Kim**

ABSTRACT

The finite element model for automotive muffler analysis is improved by modifying the boundary condition of
outlet and the mesh of finite element model. The model minimizes the difference between transmission loss from
analysis and that from experiment. Four different boundary conditions and the four types of finite element model
are tested to find out the best one of those. From the case study it is verified that the level of transmission loss
can be changed by the variation of radiation impedance value. Also the resonance or anti-resonance frequencies of
transmission loss can be shifted by the variation of finite element mesh. An improved finite element model of
muffler is proposed in consideration with the accuracy and the computing time of analysis.
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7MYy Subscripts

Z, = radiation impedance 0 = STP state
C = sound velocity, ms 1,2,3= inlet, outlet and surface of muffler
. o ’ n = normal direction

= wave number
v = particle velocity, m/s 1. A2
a = area of outlet, m’
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Fig. 2 Boundary condition of FE model
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Fig. 3 Experimental apparatus
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Fig. 4 Transmission loss from raw pressures and
modified pressures by wave decomposition
method
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Fig. 5 Results of analysis of the unmodified FE model
and experiment
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Fig. 6 Transmission loss with the variations of
radiation impedance
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Fig. 7 Results of FE analysis using 10% radiation
impedance and experiment
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Table 1 Comparison of model sizes and computing
times of four FE models

model node element | computing
type number number time(hr)
1 4033 12814 4
I 5804 20978 8
m 5830 21050 8
v | 7836 33653 24
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Fig. 8 Results of analysis of FE model [ and IV and

experiment
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Fig. 9 Analysis results from four FE models
60
predicted
50 |- .
o )| - -~ measured
2 a ¢ -
b
2 30} .
s ! 1 3 \
o 0 '
g ’ i . l' ‘\ ! .‘ 'l\ 1
5 10 .l’. PR e\ Y, l/\'\l Al ~) \
< Ry Y »
= o
-0
20l t "
0 400 800 1200 1600 2000
frequency (Hz)
Fig. 10 Results of analysis of improved FE model

and experiment

4. AE

g 2GSl HAN FED SN w

& =&3] gt FrRaarde SN %
48e 5 Jia}m‘u} *‘sfioll)ﬂ‘ 571 4 - 2T
A =A% J~ FoEE o AEA s
FHEdE T o’r 1 FEER=RER
b wlaLskelo. Jalﬂ Sl deiMe BA
213 FPaswde] ok o T g3 A
e feards wgadn. 2Axd 5 %
A slE e ge s TInE s AR Faks
A gel dde 24E 5 Jd3, fFRasnde
84 8 WA R nF 0 G FaE



Az - Y FFAL A Alsd A9

e B FRAGAT AP A
@ ﬂ%ﬂﬂ%ﬂffﬂ%wgﬁﬂﬂ 2| 91
7

HFugs

1. FEMAP ver 5.0 user guide, 1997.

2. A, g, 4G, "BEE WAE 45719
@A 543 “741““33 " ogkE A SR
32, AP, A3, pp. 29-38, 1991.

3. SYSNOISE Rev 5.3 users manual
Lawrence E. Kinsler, et al.,, "Fundamentals of
Acoustics," 3rd ed, Wiley. 1982.

5. Kwang Ha Suh, Hyeong Seok Kim., "Comparing
Four Pole Parameter Method and Direct
Approach,” The Practical Application  with
SYSNOISE for Silencers, 1991.

6. BA%, WFR, "FAY $FAIAE o8
ag7lel FaEd 2 LN BFEE
AEFeE =), A2y, A3E, pp. 181-192, 1992,

7. A. F. Seybert, D.F. Ross, "Experimental
Determination of Acoustic Properties Using A
Two-mic. Random Excitation Technique.," J.
Acoust. Soc. Am., Vol. 61, pp. 1362-1370, 1977.

8. M. L. Munjal, "Acoustics of Ducts and Muftlers,"
Jone Wiley & Sons, 1987.

209



