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ABSTRACT

The substructure synthesis method is used for making it easy to analyze vibration systems generally in
vibration field. In the past, this method has been to be used mainly because of shortage of computer
memory and CPU time. But recently this method is used for analyzing complex structure or identifying the
characteristics of systems precisely. The purpose of this study is to develop acoustic substructure synthesis
method that can be applied to acoustic modal analysis of complex acoustic systems. Acoustic modal analysis
method to be introduced here is a method that analyze acoustic natural mode shape of the complex
acoustic system by the principle of CMS(component mode synthesis method). This paper describes the
acoustic modal analysis of the acoustic finite element model of simple expansion pipe by acoustic
substructure synthesis method. The results of acoustic modal analysis analyzed by Acoustic substructure
synthesis method and the results by FEM(finite element method) shows good agreement.
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Fig. 4 Shape of simple expansion pipe
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Table 1 Properties of simple expansion pipe

Spec.(unit)| Value Spec.{(unit) Value
d (m) 0.035 L; (m) 0.260
D (m) 0.150 L, (m) 0.300

p (kg/m®) | 1.225 c (m/s) 340
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Table 2 Acoustic natural frequencies of simple
expansion pipe
Fig. 6 FEM model of simple expansion pipe Mode Acoustic natural frequency(Hz)
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o ] soga 0] R 1 5.020E-05
F' . 4 5‘_?__ e Z Ucl 5l ‘Ex‘_'
£ Wl thast 2 3.097E+02 | 3.198E+02
Fe T AAZRAN Yo Sgr=HN S T
. 3 5.711E+02 5.677E+02
stad T}
4 9.327E+02 | 9.643E+02
4.1 Ydo] TNl degd =de] PV sM(CASE ) 5 1.149E+03 1.142E+03
HA gde]l 7y dedFP Edo  oiEo 6 1.370E+03 1.369E+03
ASSM £ A &35t =g T390t Fig. 7 1.370E+03 1.369E+03
ol Bl dEsyd 2o fstel Eo0l WY 2 8 1.485E+03 1.482E+03
= A B AG A4 FRAEf
A4 Advol wet AL A AR (2 fATS 9 1.485E+03 1.482E+03
2 SFEUED)TL oA WX Lolr ) Yile] o s e
. e = 10 1.565E+03 | 1.624E+03
27tA Fagol diste] ¥Rz L S5
ASSM & AH8® SUREM o] H9o) =R (small 1| 1.740E+03 1.728E+03
pipe)o] s ¥R =sAL 3, 5, 10, 20, 30, 40, 12 1.785E+03 1.782E+03
50 AREbx]  ZAAAMAEA  nEsdc. A 13 1.785E+03 1.782E+03
(small pipe + large pipe)el W3 SFZ =& (& 14 2.207E+03 2.204E+03
A & 15 AR=7] 2]8k3lch. MSC/ NASTRAN & 15 2.207E+03 2.204E+03
°l&3tel component ol wstel EEsfNE TRt 16 | 2.200E+03 | 2.307E+03

B2 ASXSIEEK /A 7T A A5 F, 1997/ 741



LA % Ad.-z28F
Fig.7& w74 A(small pipe)®] #|AF3a w3lof 7 AA ] gsiA fa A Al B A
e deddd JAAY SYARATT LAE 27 i e e B F A, gy =&Y At
2 Yerd Aolth. Z o9 4 % A 7 g2t R=o) dsia B9 FAol WA A" HH

HAFIF(RE F)o) g AA nHAFSF 2z d veida e 2g & 7 Aed, olne &4
o] ez Yelyy ddie] HA A= o] LaES ol oA Edolin #zHE AT 2T Eo
et gholtt. 7t 271 & YElys dAtolrt.

Fig. 79 €1/ FF LAE AHEYE 2371 Fig.7o1A 227} 3 A LAstE mo7p F2 23
aA HAse R F2 23 43, 105U A 4z, 103 54 AL FAsAt. Ao s
£ ¢ F 0t o] R=EE2 Table 28§ R EF SYRE FAL HE o] REEL E7 Alsmall
74 A(small pipe)9 Eto slgdgtt. Table 2 9 pipe)ol W3t SFr=d) AFdct. 5 £A4 49 o
A RE number 637,879,129 13,149 15 g Ay siMo] FAFAAE W b SFEE H}
ARER2AM Foses AL B2 o2 1E t 2A Ad #3ste ¥R=dd o & 48E 0
He mEeld A: ke e & £ Utk
agln 49 HAREE Hgo] g QAo A7) W w2t gt 53 BA] #3Ee ¥R FA

SIS Ay B9 BA 9 SRt 40 & oGl e FAN AARD sMoA Fag FRolzd o] ¥

a7t A Yehtx
wea] o] Rdo] diste] ASSM & Al&-38te BT}h A
dab A5tz Gohd 2AO geA 404 2=
ol3el AME FAHE Aol Aestchy wadc
® AP o mdel dsel ¥As 3% 507
Re7tA] #NE sk

ASSM & o]&3le F REo=2Z Uy dedgn
zdo et F5 SFnFAES M Ao A

(o]
AR A= AL E

F Qe

A 2ol tiste 24804 (SYSNOISE) 3t &
S SFFNES A AE Table 3 ) YeERATH

Fig. 8 ¥-¥] Fig. 109 A%S H9H ¢do] =3
o] 83t Mg

7

So tisjr] ASSM & SYgRE F

8.00E02}

6.00E-0:

Firor(jvalue-r.valuejr.value)

4.00E-0!

2.00E-02

0.00E+00

10 30

Mode number of A part analyzed

Fig. 7 Error of acoustic natural frequencies of
simple expansion pipe by variation of

frequency range of mode analysis of

component A

S#RASNEBAYR /A 7 A A 5, 1997

742 /

Ao g REHNS ne) SYRE
% sldslol @ 2o wagth

7HA] R HE

Fig. 11 € Fig. 137429 ZA3%E BE ASSM &
ol g3t @% ol Aeghn ohe Tol sl A9l
e A SPR=E AAs} 24711011 2 R i
22sAE A% 2 AL A- AL E & 3
9. %5 @Y waEAd Fe e Bl
ANE 5§ @4 3% 25 28
e 3277 A% A Ui 9 AE ¥ 4
sith,

Table 3 Acoustic natural frequencies of
simple expansion pipe

MODE CASE | CASE 1I

No ASSM(Hz) | FEM(Hz) | ASSM(Hz) | FEM(Hz)
1 0.000 0.000 43.353 43.353
2 309.733 | 309.733 | 544.941 | 544.941
3 571.104 { 571.104 | 646.687 | 646.687
4 932.741 | 932.741 | 1129.329 | 1129.329
5 1148.843 | 1148.843 | 1266.673 | 1266.673
6 1370.403 | 1370.403 | 1370.403 | 1370.403
7 1370.403 [ 1370.403 | 1370.403 | 1370.403
8 1485.132 | 1485.132 | 1485.132 | 1485.132
9 1485.132  1485.132 | 1485.132 | 1485.132
10 1565.412 | 1565.412 | 1722.003 | 1722.003
11 1739.877 [ 1739.877 | 1785.151 | 1785.151
12 1785.151 | 1785.151 | 1785.151 | 1785.151
13 1785.151 | 1785.151 | 1902.354 | 1902.354
14 2206.752 | 2206.752 | 2206.752 | 2206.752
15 2206.752 | 2206.752 | 2206.752 | 2206.752
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Fig. 8 Acoustic mode(2th mode) of simple expansion pipe (CASE I)

(a) ASSM (b) FEM

Fig. 9 Acoustic mode(5th mode) of simple expansion pipe (CASE [)

(a) ASSM (b) FEM

Fig. 10 Acoustic mode(8th mode) of simple expansion pipe (CASE I)
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Fig. 11 Acoustic mode(lst mode) of simple expansion pipe (CASE ID

(b) FEM

(a) ASSM

Fig. 12 Acoustic mode(2nd mode) of simple expansion pipe (CASE I
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Fig. 13 Acoustic mode(4th mode) of simple expansion pipe (CASE II)
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