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A Study on Structural Optimization of SEA Subsystems assumed to be

Power Flow as Objective Function

KURODA Katsuhiko

Summary

This paper describes a structural optimization method for subsystems in statistical energy analysis

(SEA). The objective function is power flow (PF), which shows the power flow between the subsystems.

Under the constraint function that is the total mass, the design variable is taken as the thickness of

each subsystem in the case of analytical SEA in commercial SEA software VA One. The proposed

method is based on a combination of SEA and FEM calculation, calculating repeatedly until satisfying

the value of objective functions under arbitrary constraints. A result of applying the proposed method

to a simple structure consisting of two flat plates connected in an L-shaped configuration is given. The

validity of the optimal thickness distribution by proposed method were verified by comparison of

subsystem energy, input power, natural frequency and coupling loss factor before and after

optimization.
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2. SEA ErimEam

2.1 SEA ETILOHEE SEA I, *I%% (system) %
P (subsystem) DEAKELIRL, BHEMONT -
BHZEBT 5. r EENGRDHHRD SEA FEfMEE, KX
TRINDHO.
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MBI OGRS RIR T b 72 b THIRM 0 EH D
WORMERR KT D NEB IR R R IIma i L&, 2 &
FHRD SEA /NT A —F THEEMD TR LF—ifin ek L
LT CRd U —78m— (power flow; LI PF) ZiRatsf
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2.2 fEH SEAR—R D SEA Y TR T LDIEESEIL

fRHT SEA &%, MEZR SEA /XT A —X Z PRGN
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HY, KHTIE, FLH SEA Y7 FU =T THD VA One
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T 2 7= DI H 7 i, T b bAH <& SEA
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BEASIEHE 7 0 2B WT, R Lo ED %
®El LTz FEM £7 0% AW, AR ETHIT 2
F5 (FEM-SEA) PRI h/=0. X512, SEA EFEE
WROFEMRT 2 B & L O & Rl (b & ML A0A A 72 1 i
ﬁrutﬁmw?énn\é@o FEM (2X % SEA ~—
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MinimizeiZ(PFi({xj})) (4a)

Subject to g({xj}) O <0 (4b)

{Xj}LS{Xj}S{Xj}U (j=L---n) (4c)
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Fig.1 Test plate.



Table 1 Initial examination of the objective function using analytical SEA in the 125 Hz band by difference condition for the plate

thickness.
Subsystem1 [m] Subsystem2 [m] PF12 [W] Total mass [kg]

1 0.001 0.001 2.64x101 1.42

2 0.001 0.0006 2.57x101 1.13

3 0.001 0.002 1.37x10? 212

4 0.0006 0.001 1.54x101 1.13

5 0.0006 0.0006 2.37x1071 0.85

6 0.0006 0.002 4.33%1072 1.84

7 0.002 0.001 2.73x101 212

8 0.002 0.0006 1.44x101 1.84

9 0.002 0.002 2.96x101 2.83
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Fig.2 Example results for power flow in case of initial
condition using analytical SEA

Table 2 Comparison between the initial and optimum values
using analytical SEA in the 125 Hz band.

Initial value Optimum value
.2 3.18x1072 1.40%102
72,1 3.18x1072 2.33x102
Eil (9) 1.80%10%2 2.12x10
E2t (J) 7.45%10° 4.30x10°
Py (W) 1 1

1~ 1W ODAINRH D L& ORETHBBEKE LR
ThH5 125 Hz OFERTH 5. fifHT SEA DR L LT 2
TRTRIICHIBDOIRER R L 220, BEE O E
WD R D, R L XY, 6 FAOSKMT, K
/M 4.33x102 BNESNTWS. HlSGTEThoMERE
EBETDE, 2, 4 &5 FHEARWTRERIIMIMNL CTE
D, 4FBBOFHKMTENT PR IR/ OFERNG LN, ]
HIE (2.64x101) 1256 L 1.54x101 (234 L, #IHIME D
60 DIETH 5. F7-% 217 125 Hz IR OWIHIME & 4 F
HOSMIZRIT D, % SEA XT XA —HfER(CLF, BHEOD

"ELNEZEEZLND.

3.3 SEA YTV XTLDE FE EROREZE/ATA—
ALELEBE FEHoloiiiud, IiEo SEA RT A —X
DEZE RIS 57202 SEA 7V AT LOERFIROME
TFAERBEEN TS0, ZOHHIL, FEM 2EH7T 5
SEA ZX—2 L LTEY, REOHIKSFELD T, HEEMM
AT ECHRYVRLEAZIT) 2L THD. T LD
ERITIE, IWHAMREREMAT Y 7 v =7 ANSYS
Ver11.0 (BHEHX A 713y = V83 shell63) 2L,
SEA T A —HZ DHEHIZIT MATLAB %, i bic
IX, CAE 7'u-t&2xdABML & FEAIL L O k23 FTRE 72
OPTIMUS109 ZEH T 5. ZHEY A XX, 1k Hz oS
WRIZ 5 HiANEENS L D12 0.03mX0.03m 5 &, i
T 231, BEFEEKIL 200 LD, Ak SEA & EMMEE
W~#A T 5A0E, B ECTIRN O € — ML
X MOF DOfHEIZ X > T, SEA ANl A ATRE N 2> D[R] &
1192 L1250, AR TILETALED PF ~Om i 28
BL, TNLORMEIZOWTIEBE L TR,

3.3.1 B—OFEOBES#EE AHTIIEIXEHE
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FE ZEREH HRRFEBOBEL, 200 HE 25, B8R
KIGOEERE, JEUE O BB FFRER e Lz, E720l
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Fig.3 Initial values for the power flow from subsystem 1 to
subsystem 2 using proposed method.
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Fig.4 lteration history for the objective function in the 125 Hz
band using proposed method.
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Fig.5 Comparison between the initial values and optimum
values of the power flow.
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Fig.6 Optimal thickness distribution.
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Table 3 Comparison between the initial and optimum values
in the 125 Hz band.

Initial value Optimum value
m. 4.25x10? 4.17x107?
.2 9.55%102 3.95x10°3
72,1 9.55x1072 8.47x10°3
.2 4.25x10? 3.81x107?
E:* () 2.27x10%2 2.81x10%2
E2! () 6.76x10°3 2.19x10°3
P1 (W) 7.69%10°3 1.08x107?

Table 4 Comparison between the initial and optimum values
of the natural frequencies. (unit: Hz)

Order Initial value Optimum value
1 54.6 53.0
2 65.3 62.3
3 136.1 132.4
4 136.1 134.8
5 142.4 138.9
6 161.6 165.4
7 216.6 220.2
8 235.7 232.9
9 271.9 264.0
10 271.9 2725
0.0006 < {x; | <0.002 (5d)
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BINTE, AT, —BARIERRFEEICS LT
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BWTIE, 125 Hz ko2 BRI L Ly, &2To
WA s RN EBTE oL F 2 5. FED
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L, X612 —(omiE omE)E7HHT 5L, #)
HWHEDK) 30%7> b Fc it ROK) 17%~ LD LTS Z
LIZEY, PER/NSL ool b ER2 5. 70k 4 L0,
AEFER L TWARBEREHEERTH S 125 Hz(112 Hz 75
141 Hz)iZid, HHPMETIE 3 IR & 4 RO [E A IRENE)S 28
LTWes, Fifbth Tik 3 k& 4 Iz 5 RO EA
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