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Resear ch Progress on Broadband Vibration and Noise Reduction Honeycomb
Sandwich Structure Embedded with L ocal Resonance Unit
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ABSTRACT: In view of the poor effect of traditional honeycomb sandwich structure on middle and low frequency sound
waves, a new honeycomb sandwich structure with broadband vibration and noise reduction capability embedded with local
resonance unit has been developed in recent years by combining traditional honeycomb sandwich structure with local resonance
mechanism. This structure not only uses air medium to generate acoustic-thermal conversion and viscous dissipation, but also
adopts the resonance sound absorption mechanism of local resonance unit to attenuate low-frequency sound waves. At the same
time, when micro-holes are introduced into the local resonance unit, the acoustic performance of the structure in the middle and
low-frequency bands is further improved. The closed cavity of the micro-hole film and honeycomb core will form Helmholtz
resonance sound absorber to further absorb low-frequency sound waves. Honeycomb sandwich structure embedded with local

resonance unit has excellent broadband acoustic performance, and a wide application prospect in weapons and equipment.
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Fig.1 Sound insulation performance of magnesium
alloy honeycomb sandwich panel
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Fig.2 Honeycomb core filled with melamine foam and its

sound absorption coefficient curve:
a) sample; b) sound absorption coefficient curve
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microporous honeycomb sandwich structure
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Fig.4 Honeycomb sandwich structure embedded with local
resonance film and sound insulation curve
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Fig.5 Resonance sound absorption structure of honeycomb composite porous nylon film
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porous nylon film resonance sound absorption structure
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Fig.9 Laser drilling effect of polymer film: a) sample before fracture; b) sample after crushing; c) micro-hole cross section

I, & 2T L XA 3 et % . i TITLE
/N T 300 pm, ALGERIHLIT LI X ToikiE .
BOLI THEORE ) 2 B THOCHEBEUIER] | HOL5E
ITAL . WOLMBAE S, BotrEd)R . Mg, k5
TR, gk, B mor T, BRI T B0t
ITAUAA HEHABIT FL T2 A P34 E BARBUAE « HOLHT AL
ffLAR/ NN, O RALALARTE FA 20~300 um; I LA
GO B BOCTTAA SRR, 2
T RAL A I A1 Zn] By 1R L3 DT ALFLAR AT
e A YA T O S AT FUI ) BEAT R 5 5 T AL
P, KERER, POEH T A . mor T EEEOE T
LA A 9 FrR2,

¢ Sl A AR

K2 o

SE M-

(1] =FERde, sRERBL, FioRAE. RIERIZ MRS & FiRsh

FEEMERET]. SRR, 2010, 40(4): 375-399.
XIN Feng-xian, ZHANG Qian-cheng, LU Tian-jian. Ad-
vances in Lightweight Sandwich Materials and Sturctures:
Manufacture and Vibroacoustic Performances[J]. Ad-
vances in Mechanics, 2010, 40(4): 375-399.

2] EREE, WBICHE, B, S5 MR IR MBS s
F— PR GRS T[T]. TP EBULBCTRE, 2012, 23(22):
2761-2764.

WANG Sheng-chun, DENG Zhao-xiang, WANG Pan, et
al. Analysis of Structural-acoustic Coupling of an Enclo-
sure Surrounded by Honeycomb Sandwich Panel[J].
China Mechanical Engineering, 2012, 23(22): 2761-2764.

B]  AFM, B, k. PG e w AR bR e P RE A

BT, Mers SPRshH i, 2011(8): 165-168.
GU Xiu-e, QUAN Gao-feng, SHI Lin. Sound Insulation
Performance Analysis of Magnesium Honeycomb
Panel[J]. Noise and Vibration Control, 2011(8): 165-168.

[4]  BUEWE, U, X, B e SPIECE R AR



F¥178% £l

WRIESE « ARy R BT 80T D IR e MR 84 o I 2 4 A AF 5 T e - 101 -

0] R, 2008(2): 15.

QUAN Gao-feng, YAN Feng, LIU Zhao-ming. Magne-
sium Alloy and Lightweight Rail Transit Equipment[J].
China Magnesium Association, 2008(2): 15.

TIaoR, ik, Wi, . HABMER s L s 8
PRI PEREDTSE)]. TARMRL T, 2015(12): 39-41.
JIA Jin-rong, TANG Hai-tao, CHEN Lei, et al. Absorbing
Property of Aramide Honeycomb Filled with Melamine
Foam[J].
39-41.
WAL, T, k. S REMIRAL S T L 50
FHRFFEHERE]. AL Tk, 2013(10): 1-3.

YANG Chou-wei, WANG Zhi-qgian, BAI Han-lin. The
Research on Technology and Application Progress for

Engineering Plastics Application, 2015(12):

Melamine Foam Production[J]. Fine Chemical Intermedi-
ates, 2013(10): 1-3.

/N, sk, R, SRR UL B R SR TR A
FettibAR i2 D], A5 TR, 2014(5): 181-184.
WEN Xiao-ming, ZHANG Hua, ZHONG Hao, et al. Ap-
plication of Ultra-micropore Cellular Sound-absorption
Structure in Acoustic Decoration Materials Purifica-
tion[J]. Environmental Engineering, 2014(5): 181-184.

X ve, HE, SR, & EE LRI RIS
[1]. 224, 2005, 30(6): 498-505.

LIU Ke, TIAN Jing, JIAO Feng-lei, et al. Advances in
Micro-perforated Panel Absorbers[J]. Acta Acustica,
2005, 30(6): 498-505.

SKAEE, RENG, VLU, . BUEFLIRIGE 5 BT
HERE[T]. HUBRRE S HAR, 2009, 28(11): 1526-1529.
ZHANG De-man, LI Shun-ming, SHEN Huan, et al. Re-
search and Development of a Micro-perforated Panel
Sturcture[J]. Mechanical Science and Technology for
Aecrospace Engineering, 2009, 28(11): 1526-1529.
DUPONT T, PAVIC G, LAULAGNET B. Acoustic Prop-
erties of Lightweight Micro-perforated Plate Systems[J].
Acta Acustica United with Acustica, 2003, 89(2):
201-212.

KANG J, BROCKLESBY M W. Feasibility of Applying
Micro-perforated Absorbers in Acoustic Window Sys-
tems[J]. Applied Acoustics, 2005, 66(6): 669-689.
SRS, MRS, XA, XU SRR FLAR M S A1
THEE KN IBESELT]. AU SHOR, 2008, 27(11):
1343-1345.

LUAN Hai-xia, SHENG Mei-ping, LIU Zhi-hong. On
Design of a Double Microperforated Panel Absorber[J].
Mechanical Science and Technology for Aerospace Engi-
neering, 2008, 27(11): 1343-1345.

RS, BRG], £F
Y5 AR 20002): 25-27.

ZHANG Guang-ping, DAI Gan-ce. Honeycomb Sand-
wich Panels Panels of Composites and Their Applica-
tion[J]. Fiber Composites, 2000(2): 25-27.

LEE C, KONDO K. Noise Transmission Loss of Sand-
wich Plates with Viscoelastic Core[C]// 40th Structures,

[15]

[16]

[23]

[24]

Structural Dynamics, and Materials Conference and Ex-
hibit. Louis, MO, USA, 1999.

Mgy, 20, BRhR, % KIZEE SRRSO
JEHE R R HIMY. dbat: Ao ol kL, 2007.
XIAO Jia-yu, WANG Xing-ye, YANG Fu-biao, et al. De-
sign Principle and Application of Sandwich Structure
Composite Material[M].
Press, 2007.

FESCHL, M, BRIRHE, S5 hias s e = Al Al Kl
1 T[] s HilE R, 2015(7): 94-98.

CHENG Wen-li, YUAN Chao, QIU Qi-yan, et al. Hon-
eycomb Sandwich Structure and Manufacturing Process

Beijing: Chemical Industry

in Aviation Industy[J]. Aeronautical
Technology, 2015(7): 94-98.

BEER. AR TR R A J)]. TAE S,
2014, 26(4): 518-520.

TAI Xue-yan. Engineering Application and Development

Manufacturing

of Honeycomb Materials[J]. Engineering and Construc-
tion, 2014, 26(4): 518-520.

SE/NEE, TR, R A R )T R A PR
SKIGBFR ). T EZERE, 2012, 33(4): 120-125.

GU Xiao-an, WANG Lan. Research on the Requirement
of Acoustical Environment in the Waiting Hall of
High-speed Railway Elevated Station[J]. China Railway
Science, 2012, 33(4): 120-125.

SUI Ni, YAN Xiang, HUANG Tai-yun, et al. A Light-
weight Yet Sound-proof Honeycomb Acoustic Metamate-
rial[J]. Applied Physics Letters, 2015, 106: 171905.
SRR, e LA F B BT[], 7274, 1988,
13(3): 174-180.

MA Da-you. Design of Microperforated Panel Construc-
tions[J]. Acta Acustica, 1988, 13(3):174-180.

LR, 2 FLAR I R B o B AN BT[], 7
3, 1997, 22(5): 385-393.

MA Da-you. General Theory and Design of Microperfo-
rated-panel Absorbers[J]. Acta Acustica, 1997, 22(5):
385-393.

OSMEEE, MRS, XU, XUZ SRR F LR A iR
TS BN FDFSE[I]. PUMENA S8R, 2008, 27(11):
1343-1345.

LUAN Hai-xia, SHENG Mei-ping, LIU Zhi-hong. On
Design of a Double Microperforated Panel Absorber[J].
Mechanical Science and Technology for Aerospace Engi-
neering, 2008, 27(11): 1343-1345.

CHRISTINA N, MATT S, STEVE N. Noise Reduction of
Honeycomb Sandwich Panels with Acoustic Mesh
Caps[J]. The Journal of the Acoustical Society of Amer-
ica, 2009, 126(4): 2281.

LEE C M, XU Y. A Modified Transfer Matrix Method for
Prediction of Transmission Loss of Multilayer Acoustic
Materials[J]. Journal of Sound and Vibration, 2009, 326:
290-301.

ik, EEA, MR, S R IR ORI
BPEHIIIA D). FEBR, 2018(11): 9-11.



+ 102 -

2020 4F 11 H

(27]

(28]

FENG Hao, WANG De-zhi, QU Chun-yan, et al. The
Preparation of Elastomeric Epoxy-based Adhesive Film
Material[J]. China Adhesives, 2018(11): 9-11.

e, X, MBEH, & — P e At s 1 S
AR, A7 5%, 2018(6): 401-403.

SU Kai, LIU Chang-wei, QU Chun-yan, et al. Study on a
High Temperature Resistant Node Adhesive for Paper
Honeycomb[J]. 2018(6):
401-403.

BRI, warty. SRR T AR S SR ke 1 )
EP JEHSFIRIBFSE0]. 1 BRI, 2015(1): 21-24.

LU Yu-jiao, PENG Qi-jun. Study on Epoxy Resin Ad-
hesive Toughened by CTBN and Flexible Amine-Ter-
minated Polyether[J]. China Adhesives, 2015(1): 21-
24.

TR, AcmiE, B, & SEEL SIS AR
I S ERELT]. BRI PERSNR, 2015(5): 63-66.
WANG Yi-jun, ZHU Yu-lin, HAN Guo, et al. Preparation
and Properties of Room Temperature Curing Epoxy Sys-

Chemistry and Adhesion,

tems with High Flexibility[J]. Thermosetting Resin,

[30]

[32]

2015(5): 63-66.

PRESNG, OB E. BOER B LM bt BT
Al H AL, 2009.

CHEN He-ming, ZHAO Xin-yan. Laser Principle and
Application[M]. Beijing: Publishing House of Electronics
Industry, 2009.

SKEE, AL, TR COp BOLH TR OCHE N T .2
). B THE, 2017, 38(4): 125-129.

ZHANG Duo, LU Li-xin, ZHOU Dan. The Key Parame-
ters for Processing Microporous Film by CO, Laser[J],
Packaging engineering, 2017, 38(4): 125-129.

BRIGEAT, Thh, SKBIE. GUR RO EREOLT LI
R[] FOEACHE R3], 2012, 46(10): 107-115.
LIANG Xiao-xuan, WANG Jing, ZHANG Zhen-xi.
Nano-scale Photoporation by Tightly Focused Lasers: A
Survey[J]. Journal of Xi'an Jiaotong University, 2012,
46(10): 107-115.

TONY H, BILL D. Improvements to Laser Processing of
Thin Polymer Films[C]// ANTEC 2004 Plastics: Annual
Technical Conference. Chicago, 2004.



