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ABSTRACT

With the increased requirement for automobile noise, a design of mufflers with higher performances
becomes more important in recent days. For a design of some mufflers, it must satisfy both minimizing
back pressure and maximizing sound attenuation in broad range of frequeﬁcy. Even for a simple Helmholtz
resonator, an important element in a muffler, a resonator design with accurate resonant frequency is
difficult if one want to consider standing waves within the cavity. In this paper, the genetic algorithm, one
of the optimization fechnique with high capability of global fittest solution and robust convergence, is
applied to the design process of mufflers. Results show that the genetic algorithm can be successfully and
efficiently used to find the fittest model for both mufflers and Helmholtz resonators.
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Fig. 1 Acoustic model of single expansion chamber
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Table 1 Dejong's parameters

The number of initial population 50
The number of iterations 200
Probability of crossover 06
Probability of mutation 0.02 — 0.001
I create initial random population J
_.‘ calculat 40*' 4 I
!
calcutate MAX TL |
1 Evaluation
f calculate Period ]
l Compaetition
Evolution
e ™
I muffler performance evaluation J
l Confirmation
| find the best compromise solution ] o

Fig. 3 Flowchart of resonator design
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Table 2 Comparison of different fitness fn. (setting

frequency : 300 Hz)

Triat | Use new fitness fn, Use trans. loss
No. | Generations | Resonate frq. | Generations | Resonate frq.
1 15 299.79 65 301.16
2 14 300.03 66 300.69
3 19 300.51 63 300.23
4 23 300.30 161 300.00
5 22 299.91 58 301.12
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Table 3 Resonator parameter identification

(a) Simple expansion chamber

Setting Chrom. | Actual field

Location | Para. | Symbol field (mm) |len. (bit) (mm)

Inlet | Radius| R | 200~700 9 200~ 712
Outlet | Radius | R | 200~700 9 200~ 71.2
Radius | R 50~100 9 500~1012

Chamber
Length| L4 | 250~500 8 250.0~506.0

(b) Helmholtz resonator

Location | Para. | Symbol Setting Chrom. | Actual field

field (mm){len. (bit)| (mm)

Radius | R pect | 0.0~50.0 ] 0.0~512
Neck :

Length| L pee | 50~550 9 5.0~56.2

Radius | R cviy | 0.0~500 9 00~51.2
Cavity _

Length | L quy | 50~300 8 50.0~306.0
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Table 4 GA program results using 3-D model (Setting freq.: 400 Hz , TL: 14 dB)
Trial No. |Last gen.|] Ry (mm) | Ry (mm)| Ry (mm) | Lo (mm) | Freq. (Hz) TL (dB)
Former M. - 28.00 28.00 87.00 428.00 400.00 14.00
1 106 23.00 24.10 73.63 430.00 400.77 13.98
2 48 23.40 25.68 75.08 432.00 399.07 14.00
3 132 26.02 35.98 83.80 43295 399.79 14.02
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Table 5 Program simulation results (setting Frq.

: resonance(300 Hz), standing(900 Hz))

Trial ' ] Resonate Standing wave .
No. L pec{mm) | R poe{mm) | L gig(mm) | R gpin{mm) fra (Hz) frq.(H2) Bandwidth(Hz)
Lumped 5.00 5.50 190.80 19.30 254.00 988.00 32.72
Distr. 5.00 10.80 251.00 13.90 297.00 902.57 29.06
1 5.40 17.80 252.00 20.80 297.13 902.77 65.86
2 5.11 15.90 253.00 19.30 29741 902.67 56.72
" I3 F ExE 4992 E o % ‘?_ 4 (1009 124
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Fig. 5 TL Comparison of Helmholtz resonators settin;

Frq. : resonance(300 Hz), standing(900 Hz)

Trial No.1 Resonant Frequency
------- Trial No.1 Standing Wave

- - Trial No.2 Resonant Frequency
------ Trial No.2 Standing Wave
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117 Gen.
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Fig. 6 Convergence Results of 2 trial models
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