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Abstract: In this study, we formulate an acoustical topology optimization problem to optimally design a partition
layout inside the expansion chamber of a muffler. The lower-limit insertion loss value at a target frequency is
constrained, and the partition volume is selected as an object function. In this study, we calculate the insertion loss
outside the duct, while to determine the noise-attenuation performance, we use the insertion loss value calculated inside
the duct or transmission loss value obtained in a previous study. We employ the finite-element model for acoustical
analysis, and we determine the transmission of an incident acoustic wave through each finite element using the
functions of design variables that change continuously between “0” and “1.” The rigid body elements, which totally
reflect incident waves, build up partitions. Finally, we compare optimal topologies that depend on the target frequency
and the allowed lower-limit value of insertion loss.
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Fig. 1 Simple expansion chamber model
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Fig. 2 Expansion chamber muffler models used for
calculating insertion loss: (a) full model, (b)
model without expansion chamber, and (c¢) model
with expansion chamber.
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problem

22 AA 2H YAt MA IHY
Fig. 19 A4 @9 &A=
A (node)oll AA WF(y,)e FoAsth HA
A A sk, A s 03 1 Abolgks ZHAl
He=d, 72 A3 “]‘:9} A B Ags 44
2 @3 39 ®3ZF E<(interpolation function)®l]
ofs) A4Ah!” st ek e Ui(p, )9t
AA B AF(B,)E A @Sk (59 2ol dH e
L2329} ¥AFetS[shape function, @,(F) 1ol 23l
AAQAM o] W, ¥ = HZ(node)o] 91X ]
ojt}. o] FHA AAE = 3 Q4o Wkel AA w
’d Al gkel /]oH AP 53] T A= A
HAh Fig. 33 #Zo] g /MY 3 a4et #ud

el dA W7 ‘ool HE, 4

w3 WAEA 8d)o] =Hol {JALT}

D}. W, W B cpold 53k
a2)7F Hol AbaE B HV\} |

 (partition) S 34 gt}

N
I~
N
I~

xﬂ 7} molA 7
1
Pn(n) = I I (2)
+ /Yn( - )
pﬂuid pﬂuid prigid
B,(z)=— . ()
+ zn( - )
Bﬂuid Bﬂuid Brigid
Pe= D P2, (F) @)
B, =Y B,(1,)4,(F) )

BEE= Adel F9E Hxs sb7] el 4
67 £ 52 FeE ARgstal, 5 S
(f)elA ARl =48 k(L. el d&sk= ft
(IL,, )BT 255 2 ()7 2L A 2408 A
iy

min z Xn (6)



500 ol &4

Initial design variable
0<y,<1

Acoustical analysis
(calculating insertion loss)

A

Objective function evaluation

minz Tn
[

Sensitivity analysis

L
Updating design variables
(GCMMA optimization algorithm)

Converged?

Fig. 4 Flow chart for solving the formulated muffler
design problem
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Table 1 Specific values of parameters and material

properties
Symbol Value
B uia 1.423%10° Pa
€ fluid 343 m/s
P fuid 1.21 kg/m’
B, 1.423%10" Pa
Prigia 1.21x10" kg/m®
d, 02 m
d, 0.04 m
[, 0.55 m
ly 0.75 m
L, 0.1 m
[, 0.1 m
L 1 m
R 1.5 m
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Fig. 5 Optimal topologies depending on the lower limit
value of IL at 400 Hz : (a) /L, =20dB, (b)
1L, =25dB(c) IL,, 6 =30dB
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Fig. 6 Comparison of insertion loss curves of optimal
mufflers in Fig. 5 and the initial muffler
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Table 2 Specific values of objective function and IL at
target frequency in Figs. 5 and 7

Figure Z}(,, ]Lf=f,
Fig. 5(a) 108 20 dB
Fig. 5(b) 304 25 dB
Fig. 5(c) 326 30 dB
Fig. 7(a) 134 25 dB
Fig. 7(b) 168 25 dB
Fig. 7(c) 120 25 dB
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Fig. 8 Comparison of insertion loss curves of optimal
mufflers in Fig. 7 and the initial muffler
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Fig. 9 Optimal topologies by constraining TL and IL
values at the same target frequency, respectively:
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Fig. 10 Comparison of insertion loss curves of optimal
mufflers in Fig. 9 and the initial muffler

W, LeelO7t AAG vEel A7) gl u
AT A A3 A s 2 A A (7) Al
A (®)2 At 2Ro 2 ALEEA T

TLipy <TL,_, (8)

f
X

g 7F 580 HzY o, 7 7|Ho= W&
AstE TAE EAT Fig. 9(a)= 3
A g (T, )] 20dBY W] H
3, Fig. 9(b)~= A &4 sk 1L, )°l
o] HH sdelt Fig 10 F 4 4

) £2 FAL wud 1golrh 1E W
@

9

2 oo

© Mg

O o
b

o> 1% o i

ATl E HE welA A 49 &
Fagol A B gale aag ool HE
Ze] Wre AN AAS

2 A E o

O ox
i

e
O
O/
X
l
=2
>,
)

ol o_>|i
o M

%]

£Q

1 ofo o
ol
&
L
jin%s

ofo
o
o
s
By
4
do
o

o T 1% ot HT o2 XN B Bvomx
ol
E‘_L,’
lo
dlo
ol
S b ook I fo rlr B O

e o 2 ko>

Jm -\
i
&

P

Bl

ol o,
BN
AL
Lo
rE
Ac)
g

e

-

lo, o

it
BT,

ool

;)
& 540l wet 28 A% AuTt BB
P Xe)

H Z(2013R1A1A2010158)

SEnEos

(References)

(1) Munjal, M. L., 2014, Acoustic of Ducts and Mufflers
2" edition, John Wiley & Sons.

(2) Craggs, A., 1976, “A Finite Element Method for
Damped Acoustic Systems: an Application to Evaluate
the Performance of Reactive Mufflers,” Journal of
Sound and Vibration, Vol. 48, No. 3, pp. 377~392.

(3) Prasad, M. G. and Crocker, M. J., 1981, “Insertion
Loss Studies on Models of Automotive Exhaust
Systems,” The Journal of the Acoustical Society of



(==
=

Wl A AR A &

America, Vol. 70, No. 5, pp. 1339~1344.

(4) Herrin, D. W., Ramalingam, S., Cui, Z. and Liu, J.,
2012, “Predicting Insertion Loss of Large Duct
Systems Above the Plane Wave Cutoff Frequency,”
Applied Acoustics, Vol. 73, No. 1, pp. 37~42.

(5) Prasad, M. G. and Crocker, M. J., 1983, “Studies of
Acoustical Performance of a Multi-cylinder Engine
Exhaust Muffler System,” The Journal of the
Acoustical Society of America, Vol. 90, No. 4, pp.
491~508.

(6) Lapka, W., 2009, “Insertion Loss of Spiral Ducts-
measurements and Computations,” Archives of
Acoustics, Vol. 34, No. 4, pp. 537~545.

(7) Chang, Y. C. and Chiu, M. C., 2008, “Shape
Optimization of One-chamber Perforated Plug/non-
plug Mufflers by Simulated Annealing Method,”
International Journal for Numerical Methods in
Engineering, Vol. 74, No. 10, pp. 1592~1620.

(8) Barbieri, R. and Barbieri, N., 2006, “Finite Element
Acoustic Simulation Based Shape Optimization of a
Muffler,” Applied Acoustics, Vol. 67, No. 4, pp.
346~357.

(9) Lee, J. W. and Kim, Y. Y., 2009, “Topology

Al
=

= uHd HEe HA A 503
Optimization of Muffler Internal Partitions for
Improving Acoustical Attenuation Performance,”
International Journal for Numerical Methods in
Engineering, Vol. 80, No. 4, pp. 455~477.

(10) Lee, J. W., 2015, “Optimal Topology of Reactive
Muffler Achieving Target Transmission Loss Values:
Design and Experiment,” Applied Acoustics, Vol. 88,
pp. 104~113.

(11) Olesen, L. H., Okkels, F. and Bruus, H., 2006, “A
High-level Programming-language Implementation
of Topology Optimization Applied to Steady-state
Navier-Stokes Flow,” International Journal for
Numerical Methods in Engineering, Vol. 65, No. 7, pp.
975~1001.

(12) Svanberg, K., 2002, “A Class of Globally Con-
vergent Optimization Methods Based on Conservative
Convex Separable Approximations,” SIAM Journal on
Optimization, Vol. 12, No. 2, pp. 555~573.

(13) Lee, J. W. and Kim, Y. Y., 2009, “Rigid Body
Modeling Issue in Acoustical Topology Optimization,”
Computer Methods in Applied Mechanics and
Engineering, Vol. 198, No. 9-12, pp. 1017~1030.





