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Abstract. High noise levels in helicopter cabins are currently an 

important problem in solving environmental problems in civil aviation. 

The published data indicate high noise levels in the cabins of operated 

helicopters of the order of 93-97.4 dBA, while noise levels of less than 80 

dBA are safe for humans. In order to significantly reduce noise levels in 

helicopter cabins and ensure the required level of acoustic comfort for 

passengers, an integrated approach is proposed, consisting in the use of 

sound insulation and vibration damping materials in the on-board structure, 

as well as sound-absorbing structures configured to work effectively in the 

problematic frequency range of the helicopter passenger cabin. Keywords: 

helicopter, cabin noise, vibroacoustics, acoustic designing. 

1 Introduction 

Currently, the environmental performance of aviation equipment is an important factor 

ensuring its competitiveness. The community noise levels of aircraft are normalized in 

accordance with the ICAO standard [1], while noise levels in the cabins are regulated in the 

Russian Federation according to GOST 20296-2014 [2].  

Works [3, 4] are devoted to the problem of reducing noise levels in the cabins and 

cockpit of civil aircraft, and the national standard GOST R 70066-2022 [5] has been 

developed, describing the process of acoustic design of the passenger compartment, i.e. 

taking into account the required acoustic characteristics, at various stages of aircraft design 

[6]. At the same time, the problem of reducing noise levels in passenger helicopter cabins is 

currently not comprehensively considered in the literature.  

The purpose of this work is to analyze the problem of designing helicopters taking into 

account the requirements for noise in the cabin, i.e. taking into account the required 

acoustic characteristics. It should be noted that the problem of reducing infrasound 

radiation [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. 

 

 

Fig. 1, Limit spectrum of LS-85 

During control measurements, it is allowed to evaluate the noise in the cabin according 

to the overall A-weighted sound pressure levels weighted. At the same time, noise levels in 

the cockpit and passenger cabin of the helicopter should not exceed 90 dBA. It is allowed to 

exceed the sound pressure levels by no more than 3 dBA for 10% of the control points. 

Obviously, such requirements for maximum permissible noise levels in helicopter 

cabins are outdated and they should not be used when designing a passenger cabin. 

According to SanPiN 2.5.1.2423-08 [8], the "permissible" overall A-weighted noise 

level at the workplace of a flight crew member, is 80 dBA, the "optimal" value is 65 dBA. 

In the document SanPiN 1.2.3685-21 [9], the normative value of the sound level in the 

workplace is also 80 dBA. 

Thus, as a target indicator in the design of a helicopter, it is worth considering the 

criterion of not exceeding the overall A-weighted sound pressure level of 80 dBA. For 

helicopters with VIP interiors, noise levels in the cabins should be even lower by 3-5 dBA 

to ensure a comfortable flight without the use of personal protective equipment 

(headphones). 

At the same time, according to published data [10-12], the overall noise levels recorded 

in the cabin of MI-8 helicopter are 93-97.4 dBA, depending on the location of the control 

point. These results and an analysis of the experience of noise control in helicopter cabins 

abroad indicate 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: 

• Main rotor [13]; 

• Tail rotor [14]; 

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

• Pressure fluctuation fields on the fuselage surface (from the incoming flow, 

unrelated to the carrier system) [16, 17]; 

• Helicopter systems and equipment, primarily the air conditioning and ventilation 

system [18, 19]; 

• 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 particular 

helicopter or series (gaps, cracks, etc.). 

 

Fig. 2. Noise sources in the helicopter cabin [20] 

These sources form the general sound field in the helicopter cabin. The noise spectrum 

in the cabin contain tonal and broadband components due to the operation of these sources. 

A typical range of sound pressure levels (SPL) in the dBA metric in the helicopter cabin is 

shown in the Figure 3. 

 

Fig. 3. Typical noise spectrum in the helicopter cabin [20] 

4 The 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 on-board structure of the 

helicopter in order to achieve the noise targets in the cabin 

Let's consider separately the effectiveness of these methods in reducing noise levels in 

the helicopter cabin. 

The effects of increasing the sound insulation of typical composite fuselage panels (ΔR) 

when they are lined with mats made of different materials were determined in Ref. [21]. It 

was found that mats made of ATM-1MK material have the highest efficiency, and mats 

made of Basalt material have the lowest efficiency. For a composite panel with a coating 

thickness of 80 mm, the difference in their efficiency reaches 6 dB in the medium 

frequency range (Figure 5). The efficiency of mats made of Microlight material of 

comparable thickness is up to 3 dB lower than the efficiency of mats made of ATM-1MK 

material. 

The mechanism for transmitting sound energy to the passenger compartment is the 

vibration of the structure. Reducing vibration can lead to a significant reduction in noise 

levels in the helicopter cabin. 

It was shown in Ref. [22] that the use of a vibration damping material with a reinforcing 

layer provides an increase in the sound insulation of the test panel in the area of 

traditionally problematic frequencies of 250-800 Hz (for civilian passenger aircraft) by 3-5 

dB. The experimental results obtained allow us to conclude that the use of vibration-

absorbing material to increase the sound insulation of the fuselage structural elements can 

be quite effective.  

 

 

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 levels at 

frequencies associated with the operation of helicopter units [24]. Sound-absorbing 

structures, according to modern classification, can be divided into three main types: locally 

reactive, non-locally reactive and combined. The most common example of a locally 

reactive type of sound-absorbing structures are cellular resonant structures and their 

modifications operating in one or more narrow frequency bands. The non-locally 

responsive type of sound-absorbing structures can be attributed to structures based on 

porous and fibrous materials, which do not have the ability to effectively reduce high levels 

of tonal noise, but more effectively reduce broadband noise. 

In particular, in Ref. [25] a material was proposed-the structure has a total height of 30 

mm, a foam thickness of 5 mm, and a height of 12.5 mm air cavities (Figure 6). The graph 

of the dependence of the sound absorption coefficient of the construction material on the 

frequency is shown in Figure 7. You can see that this material is tuned to 2 frequencies, 

these are 1250 and 4000 Hz. By varying the design parameters, it is possible to adjust it to 

other characteristic frequencies, reducing the sound pressure levels at which will ensure low 

noise levels in the helicopter cabin. 

 

 

a)       b) 

Fig. 6. Schematic representation of a sound-absorbing material–structure a) isometric projection; b) 

side view 1 – a layer of cellular structure (honeycomb), 2 – a filler made of foam with open porosity; 

3, 4 – air cavities [25]  

E3S Web of Conferences 549, 02007 (2024)

TransSiberia 2024
https://doi.org/10.1051/e3sconf/202454902007

5

RETRACTED



 

Fig. 7. Dependence of the sound absorption coefficient on the frequency for the structural material 

[25] 

5 Conclusion 

The problems of designing helicopters with regard to the requirements for cabin noise are 

considered. A target indicator for noise in the cabin of helicopters with a serial interior is 

proposed. Such an indicator is not exceeding the overall A-weighted sound pressure level 

of 80 dBA. It is shown that in order to significantly reduce noise levels in helicopter cabins, 

an integrated approach is needed, consisting in the implementation of a sound attenuation 

system using sound-insulating, vibration-damping and sound-absorbing materials tuned to 

the frequency range, which determines the overall A-weighted noise level. 
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