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The study on the multi-mode muffler by intelligent control

for low noise and low backpressure

- The model order determination for acoustic tube -

°DongGoo Sohn”, Hung-Sub Kim", Jae-Eung Oh’

Abstract

For prediction and control of sound, acoustic systems must be modeled. Because sound systems like
exhaust systems are very difficult to calculate mathematically, this study presents a method to determine
experimentally the order of poles by transfer function.

When designing a control system by traditional methods the exact mode! order and coefficient of the
system to be controlled must be determined. But in acoustic systems, where systems to be controlled are
very complex, mathematical interpretation is almost always impossible. Therefore transversal filters using
trial and error methods to determine mode! order of a system are used to design a system. Compared to
mathematical models with poles, transversal filters, in which the model order becomes relatively large, have
the disadvantage of prolonged processing time and marked time delay.

This study presents a method to determine experimentally the order of poles in a system model with
poles and zeroes. Also, the validity of this method was verified mathematically and confirmed by application
in general simple models and acoustic tube simulators.

1. ME AE mdgsclol g} wirlAle 2L &
gAe BS FeRoz ALt di¢
ol¥s] WEo £ dfdAr Adzyes
Ut AEAFOS Ae A po!egl A4g A= W
~ ggddetn Y23 gy He ANGTA Fr},

A¥4Q PHoz AJAE FH#

28¢ 4%, AdSnd ¢ 24 £

- 142 -



A @ A9 Ao A A9 Fgg 29 A
T AsrE BRI old w AojAE
TAastodof @k v gAY 2ol A
of digo] 3% w FAFoz o] B
7Fe@ 97} diftol. <@ A$ A
HHoAd UL ALY & e &4 ¥
HE AH8sto gAY =4 248 13
o Ag F85 U 2d &2 gy
9 A poleo] & 48H ndd u3
o ZuHez g9 A7t ujlg AR
2 Ao} AitA o] Ajzle] o] Ay
z7] €9 Ade] Ad: |FE /HAX
g™

2 AFdA = pole 7 zero & Z#: A
o ol AYH WYPog pole o =
T& A% e AW FHoe=s
B§34& dEdoq, o wye dut &

¢ 2493 3d ANgdoldd H§3do
3.
2. Laplace ¥z Fulpedodel At
3 AP
i JHAEol EAFE 1 ARFEAY
A eFPRNL ‘:}%34 2e s4oz
Y €.

mi +cx + kx = f(1) O]

21(1)& Laplace 4%
9}

S22 WPAIE Y2

(ms® +es+ k)X (s) = F(s) 7))

o] AdA ¢ AdFSFE (3 &

X(s) 1
F() §*+2%w,s+0?

)

o]l A= 1719 155 0, & 7134, &
Mol Ay B4 poled 3 Ax 17
o I/AFTE FEo

A9 A¢E ditsstr] st AAA
o] AL@+E &5 Laplace FHo=2
¥dsd g g

H(s) = Zs 'a' ?;(s o @

a; =04+ ja,
b; =0y + joy,
¢ =04+ jo
d, =04+ joy
e =0,

ei

A@E N 99
o] R,

oz WgsY g g

h(t) = Zbie"“ +Zc{t“”e"" 5)

i=l i=2

AG) $E9 192 2k ZHE A
Al @olnt. 29 ARk 5ol vl
39 Fkste AlzA SHARA HE F
7t flemz 4G9 9 1¢ 3e
o AEdHd g3 2o

h(t) = ib,.e“' )

i=1

Aol i9A ¢34 ojst ddd HY

- 143 -



2249 % AT W A54RY ASE
gei 2o

a; =a @)
it jFe B2 3o dgEHE AFA k
WA 24 o2 1% AES o, 99
#AE 24

26,0, = -20; ®

PR P N

APFAA i jHe FAE AR F
Frgdez WgAs Y

H(w) = FFT(be®) t20 9)
w (a-jao)t |*
[peprea 22
a-jo =0
Oy +jwy oy + jwy

O, +j(wa - (l)) g, + j(wa - (l))

930, ~ @ (@~ @) + j(O, 0 + Op (@ — @,))

3. sl My 8400

— [ =4

[evse-sa-our]
=

ol +(w-w,)’

A7t e B AL T S
o 4@H o,=02 3

@, +j0,

H(w)=- @-o,)

(10)

410) 22 $H FAAH 4@ H74
040 94 We T 4 A

ol Qojn FA4AAH Laplace
oo BAE eFB =Q5H7] AMAE
A9 d2Un) BAE Pojof vk 2
doz dde BaAE A8 A9 54
2 ¢+ Aeoz 749 SHAE FHH
q vz ¢ gast

A% geANe 9N ohew ge
ARol dast &¥ue AHe A=
ARee] wHe B¢ o%e WG ¥
ook WMANRA B e edne 2
sgon Qs 435 Jdoly 3
e Agz FEA7W fA9 $5L 9
£ Aoz MAg. 293 FL WS
goz ARa el AEe] A1AAF
o i@ wHFge WANZG o4 7
Ag olgse] 2ojn FYAEPRATH 1

A

to

o

= geda) g
{% aé%}p-o (11)

p(Z,t) = Clejm(l—z/a,) +Czejax(t+z/a,)
i e (12)
=[C1e s +C2e”"‘]e"”'
A2l A A3 g n3d o 4
5 29,
p(z,f) = Ce ™e/™ (13)
degdudA AARs2Y 749 o
£9 AFL A¥nd Fig1 3 &l

- 144 -



A pne z=09) PFEAN SAHE F
gtezx 7Hd S pst @& FHEY
drdez 53¢ F¢p 9y Hoe= 74
5o} £AHY z=00X FT7EoE WY
T %pod ETEAA Fdez As
sojex &% psd #HF T z=/ oA
T pue E% po7t AFE S%piH ©]
e wASY %o Woez 744
. BMAAS RA FHAS TE AH3HA

A7 edn &7 LU 7w
et 2o
P =1+ R0 GPpy (14)
Pou =1+ R,,)Gp, (15)

A71M &% pot FHA gtozM ZE
48 A8 ged ged &% pk
et

C
s—jo

jo oA pole &

by =

383 GE 2% pool 2 proz 48 u
EE &% po7t €% p3E 2 o AEH
24 C}%*} o

G(z,s)=e® (16)
o] Al JEFde AGHrs 7N
Z799 AGPFE 2 2o
"l out(z S)_ pp‘m‘
_+RG an
1+ RG?

AT R=19 B9
97} et o) A

E7do] %Y A
pole 8| A& B F

Pin Pout
_ i —> —>
Py Po P1 — po
Ps < i <—p3 P2 <
z
z=0 z=/

Fig.1 Pressure behavior in a simple pipe.
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