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Theory Review and Test Verification about Combination of FEA and SEA Methods to
Predict the Vibroacoustic Response of Spacecraft Structure
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Spacecraft is exposed to the severe random vibration by acoustic during its launch. In the spacecraft design,
random vibration of spacecraft components mounted on panel structure during launch environments needs to be
predicted. In the present methods, SEA is the method for analyzing the high frequency band, FEA is for the low
frequency band. This paper applies combination of FEA and SEA methods to predict the vibroacoustic response of
spacecraft structure which may be extended to wide frequency range experienced during the launch. The combination
methods focuses on the vibroacoustic prediction which keeps advantages to use detail model of structure expressed by
FEA and statistical energy approach expressed by SEA of reverberant acoustic excitation. The combination method is
applied to diffuse sound field excitation of honeycomb panel, and is compared with acoustic excitation test and the
results from conventional approach of BEM ,joint acceptance and SEA.
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Fig.2 Flat Panel in Diffuse Sound Field
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Fig.3 System of Statistical Cavity and Deterministic Panel
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Tablel Eigenvalue analysis result by FEM

Mode No. | Freq.[HZ] Mode No. | Freq.[Hz] Mode No. | Freq.[Hz] Mode No. | Freq.[HZ]
1 27.3 6 125.6 11 211.3 16 268.2
2 39.8 7 125.8 12 2117 17 303.8
3 50.7 8 128.6 13 238.6 18 321.1
4 70.6 9 139.1 14 252.1 19 339.9
5 70.7 10 158.9 15 266.9 20 403.5
Table2 Parameters used for analysis
Parameters Symbol Value Parameters Symbol Value
Area A 0.6x0.6 m Sonic speed Co 340 m/s
Mass M 2.9kg Air density Po 1.21
Material - Aluminium Element length - 0.03m
Thickness t 0.003m Node number - 461
Poisson’s ratio v 0.33 Frequency range - 20 - 400Hz
Young’s modulus E 7.06e+10 Pa Mode number - 20
Density p 2.68e+3 kg/m® Boundary condition - Simple support
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Fig. 5 Measurement point of Aluminium Flat Panel Fig. 6 Damping ratio of Aluminium Flat Panel

1.0E+05 1.0E+05
10E+04 | BEM 10E+04 | BEM
—FEA-SEA s | —FEA-SEA
,_,1'OE+03 | & Joint Acceptance ,_,1'0E+03 || © Joint Acceptance PR
2 1.0E+02 s . H'1.0E+02 s
< 1.0E+01 i < 1.0E+01 c B
2 108400 i 2 1 0E+00 o 144
E B E- s o8 8 s b A
= 1.0E-01 PR /i 5P AP = 1.0E-01 o i
a PN R )d\ \ [a) H ,,‘\\\ i H - AP
O 1,0E-02 . AR LA O 1.0E-02 L FALANY AT
o s ‘l: { ™ 4 (] \ o a /',"‘ll ‘l;“"“‘ 4 :. ’l R\ \
1.0E-03 2= : \ 1.0E-03 A ~->‘§; .
- [}
1.0E-04 ! 1.0E-04 ,r' t 3
1.0E-05 1.0E-05
10 100 10 100
Frequency[Hz] Frequency[Hz]

Fig. 7 Comparison result of A1 Fig. 8 Comparison result of A2
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Fig.9 Comparizon of analysis results
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Table3 Eigenvalue analysis result by FEM

Mode No. | Freq.[HZ] Mode No. | Freq.[HZ] Mode No. | Freq.[HZ] Mode No. | Freq.[HZ]
1 130.7 8 756.0 15 1334.9 22 1779.7
2 2084 9 824.8 16 1334.9 23 1823.5
3 338.4 10 971.7 17 1385.1 24 1893.6
4 4455 11 1044.0 18 1554.3 25 20534
5 520.9 12 1044.0 19 1667.9 26 20534
6 520.9 13 1053.9 20 1711.6
7 647.2 14 1164.9 21 1779.7
Table4 Parameters used for analysis
Parameters Symbol Value Parameters Symbol Value
Area A 1.82x0.91 m Thickness(Core) te 0.025 m
Mass M 7.6 kg Density(Core) Pe 2.50e+1 kg/m
Material (Skin) - Aluminium Shear elastic modulus(Core) G, 1.340e+8 Pa
Poisson’s ratio(Skin) Vs 0.33 Bending stiffness D 7.714e+3N+*m
Thickness(Skin) ts 0.0003 m Sonic speed Co 340 m/s
Young’s modulus(Skin) E, 7.159e+10 Pa Air density Po 1.21
Density(Skin) Ds 2.70e+3 kg/m® Element length - 0.05m
Thickness(equivalence) toqu 1.048e-2 m Frequency range - 100 - 2000 Hz
Young’s modulus(equivalence) Eeqv 7.159e+10 Pa Node number - 703
Density(equivalence) Peqv 2.141e+2 kg/m* Boundary condition - Simple support
Material(Core) - Aluminium Coincidence Frequency fc 486Hz
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Fig. 10 Measurement point of Honeycomb Panel
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Fig. 11 Acoustic Test Level of Honeycomb Panel
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