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The problems of designing helicopters
regard to the requirements for cabin noise
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Abstract. High noise levels in helicopter cabi
important problem in solving environmental pro
The published data indicate high noise levels in
helicopters of the order of 93-97.4 dBA, whil i

in the use of
oard structure,

passengers, an integrated approach is p
sound insulation and vibration damping
as well as sound-absorbing structures con
problematic frequency range
helicopter, cabin noise, vibroa tic designing.

1 Introduction

Currently, the envi ) of aviation equipment is an important factor
ensuring its co e community noise levels of aircraft are normalized in
accordance wi

requirements for noise in the cabin, i.e. taking into account the required
aracteristics. It should be noted that the problem of reducing infrasound
adiation [7] is not considered in this work.

2 Requirements for maximum permissible noise levels in the
helicopter cabin

According to the requirements of GOST 20296-2014 [2], noise in the cabins and cockpits
of the helicopter, as well as in the workplaces of flight attendants, is normalized by the
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limiting spectrum (LS) of sound pressure levels (dB) in octave frequency bands with
average geometric frequencies 31,5; 63; 125; 250; 500; 1000; 2000; 4000 and 8000 Hz and
overall according to the spectrum of sound levels in dBA metric.

The sound pressure levels in the cruising flight modes of the helicopter should not
exceed the values corresponding to the limit spectrum of LS-85, shown in Figure 1.
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Fig. 1, Limit spectrum of LS-85

During control measurements, it is ed to ev noise in the cabin according

to the overall A-weighted sound pressu ; sichted. At the same time, noise levels in
the cockpit and passenger cabin of the heliopts

ot exceed 90 dBA. It is allowed to
0 Mo an 3 dBA for 10% of the control points.
br majxinum permissible noise levels in helicopter

se results and an analysis of the experience of noise control in helicopter cabins
cate the need to implement an integrated approach to the problem of reducing
noise levels in the cabins of helicopters.

3 Sources and spectrum of noise in the helicopter cabin

The main sources of noise in the helicopter cabin are shown in Figure 2. The sources of
noise in the cabin are:

e  Main rotor [13];

e  Tail rotor [14];

e  Turboshaft engines [15];
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e  Transmission (first of all, the main gearbox);

e  Pressure fluctuation fields on the fuselage surface (from the incoming flow,
unrelated to the carrier system) [16, 17];

e  Helicopter systems and equipment, primarily the air conditioning and ventilation
system [18, 19];

e  Additional sources may be zones of locally greater passage of sound energy into
the passenger compartment, which may be due to the characteristics of a pag
helicopter or series (gaps, cracks, etc.).

ain Rotor

Aerodynamic
Excitation

in the cabin contain tonal and broadba
A typical range of sound pressure level dBA metric in the helicopter cabin is
shown in the Figure 3.

ain Rotor blade pa: equéncy + harmonics

Frequency [Hz]

1 noise spectrum in the helicopter cabin [20]

he main approaches to the acoustic design of the helicopter
passenger compartment

To significantly reduce noise levels in helicopter cabins, it is necessary to use thermal
sound insulation and vibration damping materials in the design, as well as sound-absorbing
structures tuned to the characteristic frequencies of the helicopter units, the contribution of
which is decisive in assessing the overall A-weighted sound pressure level. A schematic
diagram of the placement of acoustic materials in the on-board structure of the helicopter in
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order to achieve the noise targets in the cabin is shown in Figure 4. Special attention should
be paid to mass and dimensional restrictions when placing acoustic materials.
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Fig. 4. Schematic diagram of the placement of acoustic materials in the
helicopter in order to achieve the noise targets in the cabin

Let's consider separately the effectiveness of these metho
the helicopter cabin.

The effects of increasing the sound insulation of typlc
when they are lined with mats made of different mat ined in Ref. [21]. It
was found that mats made of ATM-1MK materi iency, and mats
made of Basalt material have the lowest efficienty. osite panel with a coating
thickness of 80 mm, the difference in their s 6 dB in the medium
frequency range (Figure 5). The efficiency o Microlight material of
comparable thickness is up to 3 dB lowsg than the mats made of ATM-1MK

nels (AR)

material.

The mechanism for transm1tt1ng S0 0 he passenger compartment is the
vibration of the structure. Red 3 to a significant reduction in noise
levels in the helicopter cabip

It was shown in Ref. ibration damping material with a reinforcing
layer provides an 1nc i
U-800 Hz (for civilian passenger aircraft) by 3-5
btained allow us to conclude that the use of vibration-
sound insulation of the fuselage structural elements can
be quite effective.
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Fig. 5. The effects of increasing the sound insulation of a composite panel lined with layers of mats
made of different materials with a total thickness of ~40 and ~80 mm [21]
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It was shown in Ref. [23] that under sound and especially pseudosonic excitation, the
sound permeability of a composite panel, characterized by a transmission coefficient, is
significantly lower than the sound permeability of a metal panel. This conclusion is valid
both for panels without cladding with vibration-absorbing material and with cladding. The
reflectivity of a composite and a metal panel without facing with a vibration-absorbing
material is approximately the same.

Sound-absorbing structures are used to significantly reduce sound pressure leya
frequencies associated with the operation of helicopter units [24]. Sound-
structures, according to modern classification, can be divided into three main
reactive, non-locally reactive and combined. The most common examp

of tonal noise, but more effectively reduce broadband noise.

In particular, in Ref. [25] a material was proposed-the
mm, a foam thickness of 5 mm, and a height of 12.5 mm
of the dependence of the sound absorption coefficie ion material on the

these are 1250 and 4000 Hz. By varying the desi
other characteristic frequencies, reducing the sou
noise levels in the helicopter cabin.
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Fig. 7. Dependence of the sound absorption coefficient on the fi for the s aterial
[25]

5 Conclusion

The problems of designing helicopters with regaid to the requitéments for cabin noise are

1se levels in helicopter cabins,
an 1ntegrated approach is needed consi aplementation of a sound attenuation
system using sound-insulatin, i pfing and sound-absorbing materials tuned to
the frequency range, which erall A-weighted noise level.
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