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Optimization of broadband sound absorption performance of honeycomb sandwich

sound liner
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Abstract: In view of the wide frequency noise characteristics of turbofan engine with large bypass ratio at present,
traditional single-degree-of-freedom honeycomb sandwich acoustic lining material was optimized to improve its
sound absorption performance. Under the premise of keeping the basic form of single-degree-of-freedom honey-
comb structure of sound liner unchanged, in order to broaden the sound absorption spectrum and reach two or
more characteristic frequencies, carbon nanotube film was compounded at a specific position inside the single-lay-
er honeycomb core. At the same time, in order to improve the sound absorption effect, metal wire mesh and flexible
porous materials were introduced between perforated plate and honeycomb core, and they were assembled
through a rapid process. The influences of placement position and parameters of the introduced material on the
sound absorption performance of the sound absorption composite were also investigated. The experimental results
show that the structure with the best sound absorption performance is the introduction of 37 pm hole diameter wire
mesh placed behind the porous panel, the placement of 15 mm thick melamine sponge between the porous panel

and the honeycomb, and the placement of carbon nanotube film with a porosity of 2% and 4% in the middle of the

is BEE: 2023-05-17; fEE BHA: 2023-07-13; RABH: 2023-08-09; MEEHARE: 2023-08-18 10:56:22
M4 & #udk: https://doi.org/10.13801/j.cnki.fhelxb.20230817.005
BT iR AR GIEET H (2019-JC1Q-]J-255)
Foundation Strengthening Plan Technology Field Fund Project (2019-JCJQ-JJ-255)
BEEE: DLW, DIE0, BULAE SIW, OF505 i zs U R Sl E-mail: luoliang@buaa.edu.cn

SRR P AT, ek, AF BeR R R ARSI A PEREDL 1L 0], E A APRIEAR, 2024, 41(3): 1290-1299.
LUO Liang, BAI Heyu, YE Zhuoran, et al. Optimization of broadband sound absorption performance of honeycomb sandwich sound liner[J].
Acta Materiae Compositae Sinica, 2024, 41(3): 1290-1299(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20230817.005
mailto:luoliang@buaa.edu.cn

BRI IJE PR A MR S A 1 RE AL AL

- 1291 -

honeycomb sandwich structure. The sound liner prepared based on this result has excellent sound absorption per-

formance, and shows good sound absorption performance in the range of 800 Hz to 4 500 Hz. The peak sound ab-

sorption coefficients of the two characteristic frequencies reach 0.98 and 0.99, respectively, and the average sound

absorption coefficient reaches 0.89, which is 61.8% higher than that before optimization. At the same time, the half-

peak width can fully cover the frequency range of 800 Hz to 4 500 Hz tested, which indicates good broadband noise

reduction characteristics.

Keywords: honeycomb sandwich structure; sound absorption material; acoustic backing; acoustic absorptivity;

engine noise
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Fig.1 Honeycomb sandwich structure composites directly formed by

using a mold with holes and a vacuum bag process
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Table 1 Parameters of honeycomb sandwich structure sound absorbing material (Control)

Thickness of perforated Hole diameter of perforated Porosity of perforated ~ Thickness of honeycomb Side length of honeycomb
plate/mm plate/mm plate/% core/mm core cell/mm
0.50 2.00 9.33 30.00 5.50
®2 AEMRUTHIESH
Table 2 Parameters for different optimized materials
Wire mesh Carbon nanotube film Flexible porous material
Hole dia- Thickn
Position oledia Depth  Porosity/% Position ickness/ Material
meter/pm mm
#25 polyurethane sponge
#55 polyurethane sponge
In front of perforated plate 74 10 2 In front of honeycomb core 5 Melamine sponge
. 37 14 3 In honeycomb core 10 Polyester cotton
Behind perforated plate .
20 20 4 Behind honeycomb core 15 Carbon nanotube sponge

Polymethacrylimide (PMI)
foam
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Fig.2 Structure diagram (a) and connection diagram (b) of test system

equipment of impedance tube
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Fig.3 Physical drawing of impedance tube for assembling test sample

and fixture
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Fig.4 Frequency-absorption coefficient curves of honeycomb sandwich

sound-absorbing materials with different bore diameters (a) and

placement positions (b)
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Table 3 Effect of hole diameter of wire mesh on sound absorption properties of honeycomb sandwich structure

Subject Characteristic frequency/Hz Half peak width/Hz Peak absorption coefficient Average absorption coefficient
Control 1500 2200 0.84 0.55
74 pm 1500 2700 0.91 0.66
37 pm 1500 3000 0.97 0.73
20 pm 1500 2800 0.96 0.69
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Table 4 Effect of position of wire mesh on sound absorption performance of honeycomb sandwich structure
Subject Characteristic H.alf peak Peak.al.)sorption Averzlag.e absorption
frequency/Hz width/Hz coefficient coefficient
Control 1500 2200 0.84 0.55
In front of perforated plate 1500 3000 0.97 0.73
Behind perforated plate 1500 3200 0.99 0.78
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Fig.5 Frequency-absorption coefficient curves of honeycomb sandwich
sound-absorbing materials with carbon nanotube films of different

placement depths (a) and porosities (b)
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Table 5 Effect of placement depth of carbon nanotube films on sound absorption properties of

honeycomb sandwich structure sound absorbing materials

Subject Characteristic frequency/Hz Half peak width/Hz Peak absorption coefficient Average absorption coefficient
Control 1500 2200 0.84 0.55
10 mm — — 0.94 0.74
14 mm 1500 >3700 0.93 0.79
20 mm 1500 >3700 0.86 0.71
R 6 BAKEHRALEINEE REFF IR ERER T
Table 6 Effect of porosity of carbon nanotube films on sound absorption properties of
honeycomb sandwich sound absorbing materials
Subject Characteristic frequency/Hz Half peak width/Hz Peak absorption coefficient Average absorption coefficient
Control 1500 2200 0.84 0.55
2% 1500 >3700 0.93 0.79
3% — e 0.90 0.76
4% — — 0.91 0.67
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Fig.6 Frequency-absorption coefficient curves of honeycomb sandwich

FAEZ AR

sound-absorbing materials with flexible porous materials with different

placement positions (a), thicknesses (b) and materials (c)
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Table 7 Influence of #25 polyurethane sponge placement on sound absorption performance of honeycomb
sandwich structuree

. Characteristic Half peak Peak absorption Average absorption
Subject . - e
frequency/Hz width/Hz coefficient coefficient
Control 1500 2200 0.84 0.55
In front of honeycomb core 1500 3000 0.93 0.65
In honeycomb core 1500 2800 0.81 0.55
Behind honeycomb core 1500 2500 0.82 0.53
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Table 8 Influence of thickness of #25 polyurethane sponge on sound absorption properties of honeycomb sandwich structure

Subject Characteristic Half peak Peak absorption Average absorption
frequency/Hz width/Hz coefficient coefficient

Control 1500 2200 0.84 0.55

5mm 1500 2600 0.91 0.60

10 mm 1500 3000 0.93 0.65

15 mm 1500 2900 0.95 0.69
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Table 9 Effect of type of flexible porous materials on sound absorption properties of honeycomb sandwich structure sound
absorption material

Subject Characteristic frequency/Hz Half peak width/Hz Peak absorption coefficient Average absorption coefficient
Control 1500 2200 0.84 0.55
#25 polyurethane sponge 1 500 3000 0.93 0.65
#55 polyurethane sponge 1 500 3200 0.98 0.75
Melamine foam 1500 >3 700 1.00 0.81
Polyester cotton 1500 2700 0.91 0.62
Carbon nanotube sponge — — 0.57 0.45
PMI foam — — 0.98 0.50
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Fig.7 Optimized honeycomb sandwich structure

sound absorbing composites
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Table 10 Structural parameters of optimized honeycomb
sandwich structure sound absorbing composites

Material Structural parameters Specifications
Thickness 0.5 mm
Perforated plate .
Porosity 9.33%
Wire mesh Hole diameter 37 um
Melamine foam Thickness 15 mm
Honeycomb core Thickness 30 mm
Thickness 0.01 mm
Carbon nanotube film Porosity 2%/4%
Depth 14 mm
Backplane Thickness 1 mm
3 &t
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