Experimental study of the effect of the cell size
honeycomb core on the impedance of single-layer SAS

Petr Moshkov!, Maxim Ostroumov?, Alexey Korneychuk?®
1.2Moscow Aviation Institute (National Research University), Moscow, Russia
3JSC “ORPE Technologiya named after A.G. Romashin”, Obninsk, Russia
!Corresponding author

E-mail: 'moshkov89@bk.ru, *ostroumovmn@mai.ru, *m.ostroumov@mail.ru

Received 3 October 2024, accepted 30 November 2024, published online 13 April 2025 ’ W) Check for updates ‘
DOI https.//doi.org/10.21595/jve.2024.24597

Copyright © 2025 Petr Moshkov, et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract. The study of the acoustic characteristics of sound-absorbing structures (SAS) seems to
be an urgent task aimed at solving the problem of noise both in the cabin of aircraft and aircraft
engine noise. Results of experimental study of the effect of the size of the cell edges of a fiberglass
honeycomb core and the degree of perforation on the acoustic characteristics of single-layer
sound-absorbing structures are presented. Tests of samples of sound-absorbing structures were
performed on an interferometer type installation with a normal incidence of sound waves. The
dependence of the acoustic characteristics of SAS on the size of the edge of the honeycomb filler
is shown, in connection with the overlap of the holes of the perforated sheet of SAS with the edges
of the honeycomb block. The dependence of the resonant frequency and the efficiency of the
structure on the diameter of the holes of the perforated sheet are shown.

Keywords: aircraft engine noise, cabin noise, sound-absorbing structures, impedance tube, sound
absorbing.

1. Introduction

To reduce noise levels in the cabins of airplanes [1-3] and helicopters [4-6], as well as aircraft
engine noise [7-10], various sound-absorbing structures (SAS) are currently widely used [11-15].
Numerical modeling of SAS, especially of the nonlocally reacting and combined types, is
currently a rather difficult task [16-21], therefore experimental methods for determining acoustic
characteristics and tuning the SAS to a problematic frequency range do not lose their relevance.
Parametric studies of SAS on installations such as “interferometer” and “interferometer with flow”
contribute to the development of effective methods for predicting the acoustic characteristics of
the SAS [22-24].

This paper presents the results of an experimental study of the effect of the size of the cell
edges of a fiberglass honeycomb core (FHC) and the degree of perforation on the acoustic
characteristics single-layer SAS. Tests were performed on an interferometer installation with
normal incidence of sound waves of MAI.

Experimental studies in the design of effective SAS for aircraft engines usually include three
main stages:

— Evaluation of the acoustic characteristics of SAS in laboratory conditions using installations
such as “Interferometer” [25-29] and “Interferometer with flow” [30, 31].

— Evaluation of the effectiveness of SAS during bench tests of aircraft engines [32, 33].

— Evaluation of the effectiveness of SAS during flight tests of the aircraft [34, 35].

In the design of SAS to reduce noise levels in cabins of aircrafts and helicopters, it is necessary
to test samples on an “interferometer” type installation under a load spectrum characteristic of the
noise spectrum in the cabin.

The role of an interferometer installation with a normal incidence of sound waves in the
selection of effective SAS for reducing aircraft noise in the cabin and aircraft engine noise is
determined by the following provisions:

— Allows you to quickly and fairly reliably obtain preliminary acoustic characteristics of
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various versions of the designed SAS.

— Allows you to consider the influence of the sound pressure level (nonlinear effect) on the
acoustic characteristics of SAS [36] installed in the engine duct.

— Allow you to give a primary evaluation of the effectiveness of the structures being designed,
as well as verify semi-empirical and numerical methods for calculating the SAS, as well as
determine the acoustic characteristics of sound-absorbing materials, both separately and as part of
the SAS.

In general, a significant amount of research has been devoted to the study of the acoustic
characteristics of samples of SAS based on the results of tests on an “interferometer” type, but the
relevance of such work is beyond doubt due to the lack of other simple ways to determine the
acoustic characteristics of samples of sound-absorbing materials and structures and especially take
into account the various impedance parameters of the SAS and require compliance with measures
to reduce noise levels of a source with known acoustic parameters.

2. Materials and methods

Measurements of the acoustic characteristics of the SAS samples were performed on an
interferometer-type installation with a normal incidence of sound waves, created at the Moscow
Aviation Institute [37]. The general view of the installation is shown in Fig. 1. To the impedance
eduction at this stage of the installation development, a standardized two-microphone method has
been implemented, described in detail in the standards [38, 39].

Fig. 1. General view of MAI interferometer installation (impedance tube) with normal incidence
of sound waves for studying the acoustic characteristics of sound-absorbing materials and structures:
1 — personal computer, 2 — impedance tube of 30 mm in diameter inside which the test sample is located,
3 —recorder type Ecophysics-500, 4 — loud speaker with frequency range 0.5-20 kHz,
5 — power amplifier with built-in generator, allowing you to set sound pressure levels up to 160 dB,
6 — four 1/4 inch pressure microphones with preamplifier (frequency range 1.6-20000 Hz,
sensitivity 50 mV/Pa), 7 — linear actuator, 8 — control unit

Normalized impedance ratio is calculated by using:

1+r
Z= : (1)
1—7r

where r normal reflection factor.
Real part of acoustic impedance respectively:

A-r*=1})
ReZ =————=. (2)
A1-n)2+7?
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Imaginary part of acoustic impedance respectively:

ImZ 2ni 3)
mZ=————m,
AQ-n)2+7?

where 7;. is the real component r, 7; is the imaginary component 7.
The sound absorption coefficient can be found through the reflection coefficient as follows:

a=1-|r|2 4)

During the study on the interferometer installation with a normal sound drop, a white noise
signal with overall sound pressure level of 100 dB was used. Fig. 2 shows a typical 1/3-octave
spectrum of a useful broadband signal in the study of SAS samples on an interferometer-type
installation. It is worth noting that the samples were tested under the same conditions in order to
exclude the influence of other factors on the acoustic characteristics.
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Fig. 2. Typical 1/3-octave spectrum of a useful broadband signal

The device works as follows. The sample for the study is installed in the tube holder — 2. On
the personal computer — 1, the necessary coordinates are set for the smooth joining of the two parts
of the impedance tube into a single whole. The coordinates are transmitted to the linear actuator
control unit — 8. The servo motor, receiving data from the linear actuator control unit, drives the
linear displacement module — 7. The part of the impedance tube located on the linear displacement
module smoothly connects to the second part of the impedance tube, ensuring sample
compression. The end of the piston with the rod is manually smoothly brought to the base of the
sample. The rigid connection of the two parts of the tube is provided by a coupling. After joining
the two parts of the impedance tube into a single whole, further operation of the interferometer is
standard: loud speaker — 4 irradiates the test sample with a given sound signal, microphones — 6
measure acoustic pressure at specified points in the channel of the impedance tube, a recorder — 3
is used to process the acoustic signal.

Table 1. Six types of the investigated SAS

The height Dlametgr of Variant of the | The height The Feu Variants of
No. of the the hole in the . edge size of Types of
perforation of the FHC, the
SAS| perforated | perforated o the FHC, . fiberglass
degree, % mm perforation
sheet, mm sheet, mm mm
1 5 1 4.8 50 8 ABS-1 SSP-1-8T
2 5 1 4.8 50 4.2 ABS-1 SSP-1P-4.2
3 5 | 4.8 50 2.5 ABS-1 | SSP-1P-2.5
4 5 1.6 12.2 50 8 ABS-2 SSP-1-8T
5 5 1.6 12.2 50 42 ABS-2 | SSP-1P-4.2
6 5 1.6 12.2 50 2.5 ABS-2 | SSP-1P-2.5
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Six samples of SAS with constant parameters (the height of the perforated sheet is 5 mm and
the height of the FHC is 50 mm) were researched (Table 1). The design of the perforated sheets
shown in Fig. 3 was developed by the authors and produced by method by 3D printing. Two
variants of the perforation degree of 4.8 and 12.2 % with hole diameters in the perforated sheet of
1 and 1.6 mm (Fig. 2), respectively, as well as the fiberglass of three standard types SSP-1-8T,
SSP-1P-4.2 and SSP-1P-2.5, differing in the cell edge sizes of 8, 4.2 and 2.5 mm (Fig. 3),
respectively, were considered. The researched honeycomb cores shown in Fig. 4 are produced by
JSC “ORPE Technologiya named after A.G. Romashin”. It is worth noting that the materials used
in the researched sound-absorbing structures are widespread and freely available.

a) ABS-1 b) ABS-2
Fig. 3. Two variants of the perforation degree of 4.8 and 12.2 % with hole diameters
in the perforated sheet of 1 and 1.6 mm, respectively

L 1N 4

a) SSP-1-8T b) SSP-1P-4.2 ¢) SSP-1P-2.5
Fig. 4. The studied fiberglass of three types SSP-1-8T, SSP-1P-4.2
and SSP-1P-2.5, differing in the cell edge sizes of 8, 4.2 and 2.5 mm

3. Results

As a result of the research of the obtained data about real and imaginary parts of impedance
and sound absorption coefficient SAS in frequency range of 500-2500 Hz with band width of
1 Hz.

The real part ReZ is the active acoustic resistance, which is determined by the energy
dissipation in the acoustic system itself and the loss of sound radiation. The imaginary part ImZ
is the reactive acoustic resistance, which is a consequence of the presence of elastic forces or mass
inertia in the acoustic system. According to these acoustic characteristics, the sound absorption
coefficient « is calculated at the interferometer installation with a normal sound wave incidence,
and the efficiency of the structure in terms of level reduction can also be determined, both in
individual frequency bands and in total across the spectrum.

Fig. 5 and 6 show the real part of the impedance ReZ, the imaginary part of the impedance
ImZ and the sound absorption coefficient & of SAS No.l...6 with geometric parameters from
Table 1. The effect of the size of the cell edges of a fiberglass honeycomb core on the acoustic
characteristics of single-layer sound-absorbing structures at perforation degree of 4.8 % with hole
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diameters in the perforated sheet of 1 mm are shown in Fig. 5. The effect of the size of the cell
edges of a fiberglass honeycomb core on the acoustic characteristics of single-layer
sound-absorbing structures at perforation degree of 12.2 % with hole diameters in the perforated
sheet of 1.6 mm are shown in Fig. 6.
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Fig. 5. The effect of the size of the cell edges of a fiberglass honeycomb core on the acoustic
characteristics of single-layer sound-absorbing structures at perforation degree of 4.8 %
with hole diameters in the perforated sheet of 1 mm
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Fig. 6. The effect of the size of the cell edges of a fiberglass honeycomb core on the acoustic
characteristics of single-layer sound-absorbing structures at perforation degree
of 12.2 % with hole diameters in the perforated sheet of 1.6 mm
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The graphs of the imaginary part of the impedance ImZ of the studied SAS No. 1...6 in the
frequency range when crossing the zero value are shown in Fig. 7.

0,06 0,06
——SAS No. 4
0,04
004 I ___SASNo.5
0,02 AT
o0 SAS No. 6
0
['\E; -0,02 E 0
0,04
——SASNo. 1 0.02
0 —SASNo.2 bon
-0.08 SAS No. 3 '
-0,1 -0,06

625 630 640 645 925 930 935 940 945 950

freqtfsflc_\g Hz frequency, Hz
a) Frequency range is 625-645 Hz for SAS No.1...3 b) Frequency range is 925-950 Hz for SAS No.4...6
Fig. 7. Imaginary part of the impedance (ImZ) of the studied SAS

in the frequency range when crossing zero value

From the graphs of the imaginary part of the impedance ImZ shown in Fig. 7, we can conclude
that reducing the length of the cell edge of the honeycomb shifts the resonant frequency of the
structure to the low frequency range in the case of SAS No. 1...3 with perforation 4.8 %, the
maximum shift f = 7 Hz (Fig. 7(a)), in the case SAS No. 4...6 with perforation 12.2 % the
maximum shift f = 12 Hz (Fig. 7(b)). The shift in the resonant frequency of the structure is
associated with a decrease in the percentage of perforation due to the overlapping of the holes with
the cells edges of the honeycomb core.

The values of the real part of the impedance of the studied SAS No. 1...6 with the
corresponding value of the imaginary part of the impedance ImZ = 0 is shown in Table 2.

Table 2. Values of the real part of the impedance corresponding to the frequency, where ImZ = 0
No. SAS 1 2 3 4 5 6
ReZ 0.396 | 0.407 | 0.431 | 0.144 | 0.147 | 0.169

According to the data given in Table 2, we can conclude that the values of the real part of the
impedance increase with a decrease in the length of the cell edge of the honeycomb, which
confirms the assumption made above about the decrease in the degree of perforation of the input
sheet of the SAS due to the overlapping of the holes with the cells edges of the honeycomb core.
Accordingly, the shorter the cell edge length of the honeycomb, the greater the effect on the
acoustic characteristics of the structure. It is also worth noting a slight increase in the sound
absorption coefficient of SAS No. 3 and SAS No. 6 (Fig. 5(c) and Fig. 6(c)) with a honeycomb
core with a minimum cell edge, due to an increase in the real part of the impedance at the resonant
frequency of the structure f = 635 and 933 Hz, respectively.

The comparisons of acoustic characteristics: the real part of the impedance ReZ, the imaginary
part of the impedance ImZ and the sound absorption coefficient @ of SAS No. 1 and SAS No. 4.
The difference between SAS No. 1 and SAS No. 4 is in the diameter of the holes of the perforated
sheet I mm and 1.6 mm are shown in Fig. 8.

When the hole diameter of the perforated sheet increases from 1 to 1.6 mm, the resonant
frequency of the structure shifts to the high frequency range by 298 Hz (Fig. 8(b)). An increase in
the diameter of the holes of SAS No. 4 to 1.6 mm leads to an increase in the percentage of
perforation of the structure to 12.2 %, which greatly reduces the real part of the impedance ReZ
at a resonant frequency by 0.25 (Fig. 8(a)) compared with SAS No. 1, while the sound absorption
coefficient @ of SAS No. 4 decreases by 0.3 compared with SAS No. 1 (Fig. 8(c)).
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Fig. 8. The effect degree of perforation on the acoustic characteristics of single-layer
sound-absorbing structure with fiberglass of SSP-1-8T (edge size of 8 mm)

4. Conclusions

Six samples of single-layer resonant sound-absorbing structures with honeycomb rib lengths
2.5, 4.2 and 8 mm and two perforated sheets with hole diameters 1 and 1.6 mm were studied at
the interferometer installation with a normal sound wave incidence. The dependence of the
acoustic characteristics of SAS on the size of the edge of the honeycomb filler is shown, in
connection with the overlap of the holes of the perforated sheet of SAS with the edges of the
honeycomb block. The dependence of the resonant frequency and the efficiency of the structure
on the diameter of the holes of the perforated sheet are shown.

To create effective sound-absorbing structures, it is necessary to take into account the influence
of honeycomb filler ribs on acoustic characteristics. The result obtained in this work will serve as
the basis for fine-tuning resonant-type sound-absorbing structures to a problematic frequency
range from the point of view of noise reduction. It is necessary to clarify the empirical and semi-
empirical models for calculating the impedance of cellular resonant structures, taking into account
the overlap of holes with the edges of the cellular filler.
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