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Acoustic fatigue analysis for perforated honeycomb sandwich structure based
on vibro-acoustic coupling

LI Ruowei, ZHAO Haitao, YUAN Mingqing, CHEN Zheng, CHEN Ji’ an

(School of Aeronautics and Astronautics, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract; To analyze the influence of different opening diameters in the upper panel of the honeycomb sandwich
structure on its acoustic fatigue life, the vibro-acoustic coupling analysis was adopted in this study. First, the finite
element analysis of the structure was performed to obtain low-order modes and corresponding frequencies. Next, the
sound field was divided by boundary element, and a dynamic model of acoustic-structure coupling was built. In
order to reduce calculation, principal component analysis was performed on the input noise load, the principal
components of each order were extracted as input conditions, and the dynamic responses at each frequency and each
principal component were obtained by numerical analysis. Then, the power spectral density ( PSD) function of
structural dangerous points was obtained by post-processing based on modal superposition. Lastly, the PSD method
which combines P-M linear cumulative damage theory and probability density function was used to calculate the
acoustic fatigue life of the structure. Result shows that although the structural panel opening caused the reduction of
structural rigidity and the stress concentration of the hole edge, when the diameter of the opening was small, each
honeycomb cell was a Helmholiz resonator. Consequently, the acoustic wave was affected by the viscosity when it
propagated in the opening structure, and heat loss occurred during the propagation, which could absorb part of the
acoustic energy and reduce noise. Therefore, the small open-cell structure has a positive effect on the acoustic
fatigue life.

Keywords: perforated honeycomb sandwich structure; vibro-acoustic coupling; power spectral density method;

acoustic fatigue; random vibration
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Fig.2 Geometry model of honeycomb sandwich structure
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Fig.3 Detailed drawing of honeycomb structure
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Tab.2  Air media material properties
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Fig. 11 Auto-power spectral density curves of first five orders

principal components
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Fig. 16  Acoustic fatigue life of structures with different opening

diameters under 163 dB

MIFFLEAR KT 8 mm I}, 45 4 759 55 7 v /N
TAEFALEEA , e LA A A I 3.

3.6 AEMEEHET NEMENESER

M ARG SRR, 78 163 dB (3 &0 T, 45
L E AR /NT 8 mm B, FFFLAEH 1) i H R
TAETFFLEEHE. N T 00 2 i 45 8 16 N (6] ) 3y 251
T¥EH, Pz s 145 ~160 dB, L1453 dB Kb
AR AT T PS5 #0 9% 55 Fam. TS 450 AL .
BRT 8 mm 1,163 dB 8 4 T (1 A 2/ TAETF
LA X T A BT R BLE AT HL, U 20T E R
FIEFFLEA/NT 8 mm BYL5H.

XFTART 157 dB (Ra8far , A5 F i 5 % 55 5 i
CZfak S-N M2 iyt [, mARTHAAS i 5
ELZ KT S-N i £& (9 i I 10° ~ 10° 475 24 &
91 AR R IR 43 DU 75 iy 1) 7 e T AR IR G 2
R SRR AT E R T 10°8E TR I
GERAUE NS AR L b

25 K17 25 B [ B far A [l FLAR 25 44 1 75

] L7 AL, 6 T [m 8p B i FLE5 ), 75
A S EA UM, I L AR/ T 8 mm i, 75
A ECAE TR LA A

TEF—FFfLEAR TS, M i [ m 3 dB, 45
R — 2.

RS5 ARHBETARLEEEHERSFH

Tab.5 Acoustic fatigue life of structures with different opening diameters under different loads )
7 K%/ dB d =0 mm d =2 mm d =4 mm d=6 mm d =8 mm
145 257 494 090. 29 755 670 609.29 818 709 189. 60 686 790 981.87 430 908 680.57
148 27 779 097.23 81 523 922.26 88 324 686.54 74 092 802.92 46 487 490.73
151 299 687 2.85 8 795 003.35 9 528 677.28 7993 312.28 5015 177.33
154 323 309.47 948 825.54 1027 975.77 862 337.10 541 048.94
157 34 879.36 102 361.46 110 900. 37 93 030.85 58 369.58
160 2 163.61 11 042.98 11 964. 18 10 036. 38 6 297.04
163 616.13 1201.33 1290.72 1 082.78 679.33
9.0 ——
ssb—" a4 & #
—8—151dB

o e
7.54

X170
%Pi 6.5:/___—9\9\1
6.0

5.5 /—_‘\\

5.0

45 1 2 3 4 5 6 7 8

FALEZ/mm
E17 MHLIRERTARFILERFESFa
Fig. 17  Acoustic fatigue life of structures with different opening
diameters in logarithmic coordinate system

1) 51T 35 5% 544 B 52 0, 25 58 R IR i 5 1
FH P B B FLBR A I, P iR sl 3h 25 U
PR3l , o T2 R TR VR R, 7 I A0 7S REA Ak o 4
REJFAERI. ARXS THGER AR OT T3, S RE A AR 4G
Hy P

2) iz FHPI ARG B I A o 57 i,
SOPATE A ¥ W) S Ly 533 5 BE £k, X T S A
Al 205 LR ST AR MR 3 3 B8 R R, B T 35 4% Rl 3G
WE LA 2 1) 75 57 7

3) 7S LA OT /L, ANEA B TR A
AR, (R, RS T AR T FLAS Y, 23 3R A5 T AF iy 7



5 12 3 A, G5 TP LIRS IR A ) PR AR S 55 A b - 97 -

W95 F A, AN 15 mm (5T e N g i, TR LA
8o 4 mm BF, HA B R P 57 A7 . AR R T
AETFFLAEH I T i (4 P A7

% ik

[1]MiEs, R, ARl s I 2 a5 7E R Ry R [T ]
P 4lz, 2016, 34(8) : 21
LIU Minjing, WU Zhanjun. Application of composite honeycombh
sandwich structure in aircraft[ J]. Science & Technology Review,
2016, 34(8): 21. DOI;10. 3981/j. issn. 1000 - 7857.2016. 08.
003

[2]WHITE R G. Developments in the acoustic fatigue design process for
composite aircraft structures [ J ]. Composite Structures, 1990,
16(1/2/3) . 171. DOI.10. 1016/0263 -8223(90)90071 - L

[3] VAICAITIS R. Acoustic fatigue-A Monte Carlo approach[ C] //
Proceedings of the 28th Structures, Structural Dynamics and
Materials Conference. Monterey, CA; AIAA, 1987. DOI;10.2514/
6.1987 -916

[4]BXIBEMS, 22T, Ko, 55, WU ROEAERE L3 % 44 o B
FALI]. BSR4, 2009, 27(3) : 67
ZHAO Xiaopeng, JIANG Ding, ZHANG Qiang, et al. Application of
rain-flow counting method in the analysis of load spectrum [ J].
Science & Technology Review, 2009, 27(3) . 67. DOI.10. 1109/
CLEOE - EQEC. 2009.5194697

[5]NIE Hong. A modified rainflow counting method[ J]. International
Journal of Fatigue, 1991, 13(6) : 465. DOI.10.1016/0142 - 1123
(91) 90481 -D

(6] Z81l, 2ok SCT U2 K S HLES A 75 0% 55 75 i fl 350 O 1k (1 4R
W1, MiEsh iz, 2003, 18(3) : 373
JIN Yishan, LI Lin. Sonicfatigue life prediction of aeroengine
structure [ J]. Journal of Aerospace Power, 2003, 18 (3). 373.
DOI:10.3969/j. issn. 1000 - 8055.2003.03.013

(7184, HARRE. 4507907 A an Sy D R i BE ke [ T]. AL
SR 1996, 18(4): 38
XU Fei, XIAO Shouting. The power spectral density method for the
estimation of the sonic fatigue life [ J]. Journal of Mechanical
Strength, 1996(4) . 38. DOI. 10. 16579/j. issn. 1001. 9669. 1996.
04.011

[8]FEMIZk. Z5MIRBNBE S A T EEWESE[ D] Miat: MIntiizs
MR, 2009
WANG Mingzhu. Research on life analysis method for structure
vibration fatigue [ D ]. Nanjing: Nanjing University of Aeronautics
and Astronautics, 2009
[9]TOVO R. Cycle distribution and fatigue damage under broad-band
random loading [ J ].
24(11). 1137. DOI:10.1016/s0142 - 1123 (02)00032 -4
(10 4T, FAIdEME, RIEEZR. 5 4R Yo v B 153 A 45 44 31 7 5
BRI )], BT A4R, 2011, 47(5) - 78
BAI Changging, ZHOU Jinxiong, YAN Guirong. Effectsof sound
field on thin-wall cylindrical structure dynamic characteristics[ J ].
Journal of Mechanical Engineering, 2011, 47(5) . 78. DOI. 10.
3901/JME. 2011.05.078
[11] CHENG L. Fluid-structural coupling of a plate-ended cylindrical

International Journal of Fatigue, 2002,

shell ; Vibration and internal sound field[ J]. Journal of Sound and
Vibration, 1994, 174(5) . 641. DOI.10. 1006/jsvi. 1994. 1299
[12]CRAGGS A. Coupling of finite element acoustic absorption models
[J]. Journal of Sound and Vibration, 1979, 66(4) : 605
[13] GAI Xiaoling, XING Tuo, LI Xianhui, et al. Sound absorption of
microperforated panel mounted with helmholtz resonators [ J ].
Applied Acoustics, 2016, 114 260. DOI: 10. 1016/j. apacoust.
2016.08.001
[14]KOMKIN A I, MIRONOV M A, BYKOV A I. Sound absorption by
a Helmholtz resonator[ J]. Acoustical Physics, 2017, 63(4) ; 385.
DOI; 10.1134/51063771017030071
[15]TIPPING M E, BISHOP C M. Probabilistic principal component
analysis[ J ]. Journal of the Royal Statistical Society; Series B
(Statistical Methodology ), 1999, 61 (3): 611. DOI. 10. 1111/
1467 - 9868. 00196
(16 B, WHLRIE SRS A dn /[ D], weat: m il s it
KK, 2016
KANG Chenchen. Anakysis on vibro-acoustic fatigue life of
empennage[ D ]. Nanjing: Nanjing University of Aeronautics and
Astronautics, 2016
[17]ZE48K], K. Virtual. Lab Acoustics 7244 B = v
SBIIM]. dbst: FERE Tl ik, 2010
(&mEE K 4x)



