ISSN 2412-8627
Vol. 2 No. 2

Noise

'Theory and Practice

Scientific Journal

an-Lyf

Y % v
) i E ok gp"
| iligEI“ j‘ iiiﬁﬂ!l

) o

A
_‘..__.e__
=

11
2016

Acoustic Design Institute



Scientific Journal

Vol. 2 No. 2

Noise Theory and Practice

The founder - LLC 'Acoustic Design Institute'
in cooperation with Baltic State Technical
University 'VOENMEH' named after

D. F. Ustinov
Editor-in-chief
Nickolay Ivanov, Professor Contents
Doctor of Engineering Science
St. Petersburg, Russian Federation
Deputy Editor-in-Chief Georgiev V.B., Krylov V.V. ENG
Gennadiy Kurzev, Professor . . .
NN : Structural-Acoustic Properties of Flexible

Ph.D. of Engineering Science Rectaneular Boxes
St. Petersburg, Russian Federation P 71 8g
Members of the Editorial Board . L.
Lyudmila Drozdova, Professor Bulkin V.V., Kalinichenko M.V. RUS
Ph.D. of Engineering Science Preliminary results of build and test lab
Igor Zapletnikov, Professor anechoic chamber
Doctor of Engineering Science p- 19-26
Donetsk, Ukraine Vasil AV RUS
Ilya Tsukernikov, Professor asilyev A. V. . .
Doctor of Engineering Science About the experience of research and reduction
Moscow, Russian Federation of vibration of compressor plants

.27-34
Sergio Luzzi, Professor p
Florence, Italy Grishina S.Y., Kurzev G.M., Putechev A.D. RUS
Vladimir Tupov, Professor The use of the software for calculation of the expected
Doctor of Engineering Science noise
Moscow, Russian Federation p- 35-41
Andrey Vasilyev, Professor
Doctor of Engineering Sc.ience Tyurin AP, Parakhin D.V. RUS
Samara, Russian Federation f . . . . .

Risk assessment of hearing impairment as an increasing

Alexander Tyurin, Professor of hearing thresholds
Doctor of Engineering Science cTp. 42-48

Izhevsk, Russian Federation

Natalya Tyurina
Doctor of Engineering Science
St. Petersburg, Russian Federation

Aleksandr Shashurin, Assist. Professor
Ph.D. of Engineering Science
St. Petersburg, Russian Federation

Location address of the Editorial office
3/5 1st Krasnoarmeyskaya street

St. Petersburg, Russian Federation
Phone 8 (812) 495-77-97

www.noisetp.com
e-mail: noise.science@gmail.com

Executive Secretary
Boyko Julia

Journal is registered in Federal service

for supervision of communications,
information technology, and

mass media

The certificate of registration

DJT Ne @C 77-61637




NOISE Theory and Practice

Structural-Acoustic Properties of Flexible Rectangular Boxes
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Loughborough University, Loughborough, Leicestershire, LE11 3TU, UK
2 Professor, Department of Aeronautical and Automotive Engineering, Loughborough
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Abstract

Rectangular box-like structures are used widely in a large number of engineering applications, e.g. as
elements of railway carriages, heavy goods vehicles, buildings, civil engineering constructions, etc. Although
flexible rectangular boxes represent one of the geometrically simple types of engineering structures, their
structural-acoustic properties can not be described by closed-form analytical solutions. In the present study, a
comprehensive numerical investigation of typical all-flexible rectangular box structures has been carried out to
elucidate the physics of structural-acoustic interaction in them and to explore the possibilities of reduction of the
associated structure-borne interior noise. Finite element method has been used to compute the resonant
frequencies, the mode shapes and the structural-acoustic frequency response functions of different rectangular
box models. The obtained results could assist in better understanding of structural-acoustic properties of flexible
rectangular boxes as well as of numerous more complex structures using rectangular boxes as their building
elements.

Keywords: Flexible rectangular boxes; Structural-acoustic properties, Finite element analysis,
Structural-acoustic modes, Frequency response functions.

CmpykmypHho-aKycmuueckue ce0iicmea 2udKux npAamoy20abHbolX KOHCMPYKYUIl

Teopeues B.F. ' Kpovinos B.B.?
Y Hayunwiii compyonuk, Kagedpa aguayuonroii u asmomoounsHot mexuuxu, Yuusepcumem
Jlagbopo, Jlagpoopo, Jlecmepuup, Benuxobpumarus
2 [Ipogpeccop, Kagpedpa asuayuonnori u asmomobursnoti mexruxu, Yuusepcumem Jlagéopo,
Jlagpbopo, Jlecmepwup, LE11 3TU, Beruxobpumanus

Annomauyus

Ipsimoyzonvuvie KopoOuamvie KOHCMPYKYUU WUPOKO HPUMEHAIOMCS 8 OONbUOM KOIUYecmee
UMIICEHEPHBIX KOHCMPYKYULL, HANpUMep, 8 Kauecmee J1eMEHMO8 JCee3HOOOPOICHBIX 8A20H08, DONbULESDY3HbIX
asgmomodunel, 30aHull, UHICEHEPHbIX CcoopydiceHull u m. 0. Xoms cubKkue npaMoy2oivHble KOPOOKU
npeocmaegisiiom cobol 2eOMEMpPUYecKy NpoCMvle MUnbl UHICEHEPHBIX COOPYICEHUL, UX CMPYKMYPHO-
akycmuyeckue ceolicmea He Mo2yn Oblmb ONUCAHBL 8 8UOE NPOCMbIX AHAIUMUYECKUX peutenuil. B nacmoswe
pabome npoeoOUMcst KOMIJIEKCHOE YUCIEHHOe UCCLe008aHIe MUNUYHBIX 2UOKUX NPIMOY20JbHbIX KOPOOUAMbIX
KOHCIPYKYUIL Ol BbISICHEHUSL (DUBUKU  CHPYKMYPHO—AKYCIMUYECK020 63AUMOOCUCMEUs. 6 HUX U U3VUEHUs.
B03MOANCHOCTU COKPAUSCHUSL CEAZAHHO20 KOPNYCHO20 UYyMA GHYMpPuU Kabumsl. Memoo KoHeuHblX 21eMeHmos 0oLl
UCNONB308AH OISl BLIYUCILEHUS. PE3OHAHCHBIX YACMOM, (opM KOAeOAHUT U QYHKYUT CMPYKIYPHO-AKYCIUYECKOT
YACMOMHOU XAPAKMEPUCMUKIU PAZIULHBIX MOOeell NPAMOY20bHbIX KOpobuamulx koncmpykyuil. Tlonyyennvie
pe3yIbmamsl MO2Ym CnocoOCmE08amy JiyuueMy ROHUMAHUIO CMPYKMYPHO-AKYCIMUYECKUX CEOUCME 2UOKUX
NPSAMOY20NbHBIX KOHCMPYKYULL, MAKUX KAK MHO2OYUCIEHHbIE KOMIIEKCHbLE CIPYKMYPbL, UCKOAb3YIOUUE OAHHbLE
NPSMOY20NbHblE KOHCIMPYKYUU KAK CIPOUMETbHbLE dIeMEHNbL.

Knrwouesvie cnosa. cudxue npamoyeonbHvle KOHCMPYKYUU, CMPYKMYPHO-AKYCMuUYecKue ceolcmed,
MemoO KOHEUHbIX INeMEeHmO8, CIPYKIMYPHO-aAKYyCMuyecKue Memoobl, QYHKYUY YacmomHno20 OUandasond.

E-mail: V.B.Georgiev@Iboro.ac.uk, V.V.Krylov@Ilboro.ac.uk (corresponding author)
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Introduction

Flexible rectangular box structures, often called box-like or box-type structures, are
used widely in a large number of engineering applications, e.g. as elements of railway
carriages, heavy goods vehicles, buildings, civil-engineering constructions, etc. Although all-
flexible rectangular boxes represent one of the geometrically simple types of engineering
structures, the analysis of their structural-acoustic properties can not be performed in terms of
closed form solutions. Earlier, Dickinson and Warburton [1] have obtained approximate
analytical expressions for the natural frequencies of uncoupled vibrations of such structures,
considering them as the systems consisting of plates with the boundary conditions
approximated by Fourier series. Equalizing the resulting expressions to the actual boundary
conditions led to an infinite set of equations that had to be truncated to obtain the approximate
solutions. These authors also have conducted experimental measurements of the natural
frequencies. Later, Hooker and O’Brien [2] have calculated the lowest natural frequencies for
a box of the same dimensions using finite element (FE) method and compared them with the
approximate analytical and experimental results obtained by Dickinson and Warburton [1].

More recently, the authors of the paper [3] used FE calculations to carry out vibration
analysis of a thin-plate box, considering only in-plane motion. They asserted that under
certain conditions, the vibrational response is dominated by long wavelength in-plane waves.
Later on they extended their study, analysing flexural vibrations of the same model using a
combination of FE and analytical approaches [4]. The proposed method aimed to predict
uncoupled vibrations of thin-plate structures in the medium frequency range. In the papers [5-
8], vibrations of rectangular box-like structures have been investigated analytically using
some simple approximations, e.g. taking into account only in-plane waves being transmitted
to the adjacent walls under the impact of the initially flexural waves.

Some authors have utilized rectangular box models to verify different optimization
procedures for noise reduction [9-12]. In this regard, the rectangular box models assisted in a
quicker estimation of the proposed design modifications and of the efficiency of noise
reduction.

In spite of the extensive use of the above-mentioned all-flexible rectangular box
structures, their coupled structural-acoustic behaviour was not properly analysed. Indeed, the
existing approximate analytical solutions for structural normal modes of vibration [1] are
rather complex, and their use for a coupled structural-acoustic analysis is too problematic. As
far as we are aware, numerical investigations of structural-acoustic properties of all-flexible
rectangular boxes have not been reported either.

The aim of this paper is to carry out a comprehensive numerical investigation of
structural-acoustic properties of all-flexible rectangular boxes. In the first part of the paper,
the attention will be paid to understanding the uncoupled structural and acoustic properties of
flexible rectangular boxes and to establishing relationships between its geometrical symmetry
and modal patterns. This part will thus revisit the results obtained in the pioneering papers [1,
2]. A comparison will be made, where possible, of the results obtained in the present paper
with the results of [1, 2]. In the second part of the paper, the coupled structural-acoustic
properties of all-flexible rectangular boxes will be studied. In particular, their frequency
response functions (FRF’s) will be investigated and their features interpreted using the results
of the first part. Some of the results described in the present paper have been reported in the
authors' earlier paper [13].
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1. Basic Model Description

The basic model under consideration represents a rectangular box with all-flexible
walls of the same thickness made of steel (with the values of Young’s modulus E = 2 101

N/m?, Poisson's ratio o = 0.31 and mass density p = 7950 kg/m®), see Fig. 1.
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Fig. 1. Finite element model of a rectangular box structure

The only boundary conditions imposed on the model are applied at the corners of the
bottom plate, which simulates fixing the box at four points to a rigid foundation. The model
dimensions are as follows: x =24, y=14 and z = 1.5 meters. The wall thickness of the
model was chosen to be 8 mm, which corresponds to a fundamental structural vibration
frequency of about 15-20 Hz.

Initially, an analysis of the uncoupled structural and acoustic sub-systems is carried
out, and then some structural-acoustic modes and a set of FRF’s of the coupled structural-
acoustic system is calculated and discussed.

2. Structural and Acoustic Analysis of the Uncoupled Model

In this section, using finite element software, MSC.Nastran and MSC.Patran, the
uncoupled normal vibration modes and the corresponding natural frequencies of the all-
flexible box structure under consideration is being analyzed. Note that for the purpose of the
uncoupled analysis, a slightly different model is used. The difference from the above-
mentioned basic model used in the fully coupled analysis is in the absence of boundary
conditions at four corners at the bottom. The purpose of this was to generalize the uncoupled
analysis of the rectangular box structure. Thus, “free-free’ boundary conditions were adopted
everywhere, whereas in the coupled analysis the model was considered as being placed on a
certain foundation. In other words, the boundary conditions utilized in the coupled analysis
simulated an attaching mechanism, which restricts the structural behavior of the model. In the
uncoupled analysis, a refined finite element mesh was used consisting of 7248 CQUAD finite
elements - for the structural sub-system, and 5040 CHEXA finite elements - for the acoustic
sub-system.
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2.1 Qualitative Interpretation of the Structural Behaviour of Rectangular Boxes

Figure 2 shows some structural vibration modes calculated for the uncoupled
rectangular box model. As the box structure under consideration is fully symmetrical in
respect of the three orthogonal coordinate planes, a number of symmetric and anti-symmetric
structural modes should occur (see also [2]). In the 3-D picture (Fig. 2), the symmetric and
anti-symmetric normal modes can not be seen clearly. This is why in Fig. 3 the same normal
modes are presented in XY plane, where symmetric and anti-symmetric modes are clearly
seen.

Except for the existence of symmetric and anti-symmetric modes, all-flexible
rectangular box structures exhibit another interesting phenomenon known from the general
symmetry considerations, namely the presence of repeated frequencies associated with
degenerate modes. This phenomenon, of course, occurs in rectangular boxes of higher
symmetry. To illustrate it numerically, some additional calculations have been conducted for
a cubic box model with the dimensions (1, 1, 1) m (see Fig. 4) and for a rectangular box
model with the dimensions (2.4, 1.5, 1.5) m (see Fig. 5).

It is interesting to attempt a kind of qualitative interpretation of structural vibrations
of flexible rectangular boxes. In particular, looking at Fig. 4, one can suggest that, in respect
of plate wave propagation, the box structure under consideration can be considered as an
inhomogeneous plate-like structure with spatially varying geometry and stiffness.

Fig. 2. Some structural modes of a rectangular box, at: a) 13.692 Hz, b) 22.069 Hz,
c) 34.730 Hz, d) 42.138 Hz, e) 43.541 Hz and f) 90.904 Hz
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Fig. 3. Symmetric and anti-symmetric normal modes at: a) 13.692 Hz, b) 22.069 Hz, c)
34.730 Hz, d) 42.138 Hz, e) 43.541 Hz and f) 90.904 Hz

The structure’s plates and edges are respectively more and less prone to vibrate. In
this regard, the edges can be likened to a sort of stiffeners or ribs. It has been pointed out by
Skudrzyk [14] that such ribs can transmit (without significant losses) the twisting moment
around their longitudinal axis, and only at very high frequencies the rotary inertia can
suppress the transmission. On the other hand, the bending moment around their transverse
axes is not transmitted except for very high frequencies.

In other words, it follows from this qualitative interpretation that waves which nodal
lines are parallel to the edges can be relatively easily transmitted to an adjacent plate, whereas
those with nodal lines perpendicular to the edges are efficiently isolated. Thus, the higher
stiffness of the edges defines different transmission properties of the waves in different
directions, which directly influences the plate wave propagation.
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a)

b)

)

Fig. 4. “Waveguide modes’ of a cubic box structure at 105.11 Hz

Returning to the box structure under consideration and bearing in mind the above-
mentioned qualitative properties of the edges, it can be assumed that the edges form three
closed-loop waveguides on the box surfaces that govern plate wave propagation and form the
normal modes of vibration. For example, in Fig. 4 the wave circulation around each of the
coordinate axes can be clearly seen. Furthermore, the above-mentioned three quasi-
circumferential waveguides could be assumed to form relatively independent closed-loop
resonators, which means that predominant vibration modes occur in one of these guides and
rarely the vibratory motion spreads on two or three waveguides simultaneously. In this way,
one can conclude that predominant normal modes of box structures consist of the normal
modes of each of the above-mentioned three closed-loop ‘waveguide resonators’.
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a)

b)

Fig. 5. “‘Waveguide modes’ of a modified box model ‘A’ at 42.36 Hz in the directions of:
a) Y-axis and b) Z-axis

To demonstrate the influence of geometrical dimensions on the existence of repeated
frequencies, it is convenient to compare the above-mentioned waveguide resonators between
them. According to the above interpretation, the initial model of a box structure (see Figs. 1
and 2), with the dimensions 2.4, 1.4 and 1.5 m respectively along the coordinates x, y and z,
forms three different coupled waveguide resonators and its natural frequencies are all
different. In the light of the above, the next logical step is to consider the most symmetrical
model with all waveguide resonators being identical. In this regard, a cubic box, which forms
three absolutely identical waveguides along the different coordinates, satisfies the necessary
requirements. As expected, in this case the predominant normal modes occur at a number of
sets of three repeated natural frequencies. For example, in Fig. 4 one can see the modes
corresponding to one of these sets of repeated resonance frequencies, i.e. at 105.11 Hz. For
each of the modes shown in Fig. 4, each of the resonators vibrates in the same manner as the
other. In other words, in the case of a cubic model there are three different normal modes
corresponding to the same frequency, as expected (a triple degeneracy), and each of them
belongs to one of the waveguide resonators.

Using a slightly modified rectangular box model (let us call it model ‘A’), a change
associated with the transition between the cubic model (Fig. 4) and the original rectangular
model (see Figs. 1 and 2) was investigated (see Fig. 5). The dimensions of the model ‘A’ were
2.4, 1.5 and 1.5 m, which has made it more symmetric compared to the initial rectangular
model but less symmetric in comparison with the cubic model. As expected, this structure
has two identical modes in respect of y and z coordinates and one different mode in respect of
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x axis. Finite element calculations show a number of sets of two repeated natural frequencies
associated with the two identical waveguide resonators, and most of the other resonances are
associated with the third resonator. In Fig. 5 one can see modes associated with wave
propagation in the two identical resonators around y and z directions. In this case, the
behavior of the equal resonators is similar to those in the case of a cubic model. The
difference is in the presence of the third resonator associated with a significant number of
normal modes that never occur at a repeated frequency.

Note in this connection that vibrations of a simple non-circular (oval-like) cylindrical
shell structure have been studied numerically and experimentally [15, 16] as well as
analytically [17]. It has been demonstrated that the natural frequencies of this oval-like shell
model can be approximated by the local resonant frequencies of each of its quasi-flat plate
components. This approximation was possible as a result of weak coupling between the top
and bottom quasi-flat plates of this model due to much higher effective stiffness of the
adjacent curved plates (shells) separating the top and the bottom quasi-flat plates. In this
regard, a rectangular box is very different, as each of its constitutive plates has four other
plates adjacent to it, and all adjacent plates are strongly coupled to each other, so that no
separate consideration of plate vibration is permitted.

A rectangular box structure can be considered as a compound of six rectangular
plates which individual fundamental frequencies, assuming the same material properties for
each of them, depend only on their geometrical characteristics. The basic box model studied
in this paper has dimensions of 2.4, 1.4 and 1.5 m in respect of x, y and z coordinates, and its
individual plate components are the following: plate component 1 (2.4, 1.5 m), plate
component 2 (2.4, 1.4 m) and plate component 3 (1.5, 1.4 m). These dimensions determine
very close sets of resonant frequencies of the individual component plates.

Table 1. Structural and acoustic natural frequencies of an uncoupled box model

Box Plate Plate Plate Acoustic, FE| Acoustic,
structure, |component 1, | component 2,|component 3,| calculated, exact,
e natural natural natural natural natural natural
© | frequencies, | frequencies, | frequencies, | frequencies, | frequencies, | frequencies,
Hz Hz Hz Hz Hz Hz
1 2 3 4 5 6 7
1 ]13.692|13.693| 11.805(1,1) | 13.061(1,1) | 18.209 (1, 1) | 69.07 (1,0, 0) | 69.02 (1, 0, 0)
2 |19.306(17.019| 21.726 (2,1) | 22.974(2,1) | 43.609 (2,1) | 110.6 (0, 0,1) | 110.4 (0, 0, 1)
3 [20.749|18.506| 37.282 (1,2) | 39.514 (3,1) | 47.387(1,2) | 118.5(0,1,0) | 118.3(0,1,0)
4 122.069(22.074| 38.275(3,1) | 42.307 (1,2) | 72.463 (2,2) | 130.4 (1,0, 1) | 130.2 (1,0, 1)
5 (24.821|23.834| 47.090 (2,2) | 52.094 (2,2) | 85.958 (3,1) | 137.2(1,1,0) | 137.0(1,1,0)
6 |26.290(25.876| 61.448 (4,1) | 62.675(4,1) | 96.024 (1, 3) | 138.4(2,0,0) | 138.0 (2, 0, 0)
7 128.509(26.652| 63.458 (3,2) | 68.427 (3,2) | 114.33(3,2) | 162.2(0,1,1) | 161.9(0, 1, 1)
8 [29.983(27.250| 79.735(1,3) | 91.038 (1, 3) | 120.62(2,3) | 176.2(1,1,1) | 175.9(1,1,1)
9 |34.730(28.773| 86.394 (4,2) | 91.317 (4,2) | 145.23 (4,1) | 177.2(2,0,1) | 176.8 (2,0, 1)
10 |42.138|34.276| 89.381 (2,3) | 92.450 (5,1) | 161.70 (3, 3) | 182.2(2,1,0) | 181.8 (2,1, 0)
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In Table 1, columns 3, 4 and 5, the first ten analytically calculated natural
frequencies of the separate plate components satisfying simply supported boundary conditions
are presented. One can see that resonant frequencies of these plates are noticeably different
from the FE results for the resonant frequencies of the full box structure (columns 1 and 2 in
Table 1). This agrees with the above-mentioned statement about the lack of possibility to
approximate rectangular box resonant frequencies by resonant frequencies of its separate plate
components.

Note that the natural frequencies of the full box structure presented in Table 1 have
been calculated for the two cases: with “free-free” boundary conditions (column 1) and with
simply supported boundary conditions imposed on the all edges of the model (column 2).
Despite some discrepancies between these sets of frequencies, their closeness, at least for the
first eight modes, is indicative. In this frequency range, the structure under both sets of
boundary conditions has high modal density. This is why under “free-free” boundary
conditions there are 312 resonance peaks in this range (excluding the first six rigid-body
natural frequencies) and the last one occurs at 498.90 Hz, whereas under simply supported
boundary conditions the result is 311 peaks with the last natural frequency at 499.99 Hz.
These calculations support the assumption made earlier that in the low and medium frequency
ranges the edges of a rectangular box-structure transmit predominantly flexural waves which
nodal lines are parallel to them.

P

< | @

Fig. 6. First four uncoupled acoustic modes of a rectangular box enclosure, at:
a) 69.07 Hz, b) 110.64 Hz, c) 118.57 Hz and d) 130.43 Hz

a)

c)

e —

Figure 6 and Table 1 show some of the normal modes and natural frequencies of the
uncoupled acoustic sub-system. The comparison between the analytically calculated natural
frequencies (Table 1, column 7), which are determined very easily for the acoustic rectangular
sub-system, and those calculated using finite element techniques (Table 1, column 6) shows a
good agreement between them and thus validates the chosen mesh size. Even in the medium
frequency range (for mode (6, 2, 1)) the exact solution defines the natural frequency of 489.44
Hz, whereas the finite element code gives 499.67 Hz. In other words, using this finite element
mesh, a maximum relative error of 2 % in the highest frequency range of interest was
achieved, which guarantees correct and reliable numerical results.

10
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2.2 Comparison with Other Theoretical and Experimental Results

It is interesting to compare the results of the present numerical approach with the
results obtained experimentally and theoretically by the earlier authors. For that purpose, a
box structure with the dimensions x = 0.36576, y = 0.3048 and z = 0.24384, m has been
calculated, i.e. the same one that has been used by Dickinson and Warburton [1] and by
Hooker and O’Brien [2] who investigated it from the viewpoint of purely structural vibration
behavior.

Figure 7 demonstrates the first 8 normal modes calculated in the present paper for
Dickinson and Warburton’s model, whereas Fig. 8 shows the same normal modes in XY
plane only - in order to demonstrate symmetric and anti-symmetric spatial patterns more
clearly. The similarity between these normal modes and those shown in Fig 2 and Fig. 3 is
quite obvious.

1) = @

3 i 4)
®) i,::i (6)
) (8)

T | T T

Fig. 7. First eight normal modes calculated for Dickinson and Warburton’s model

11
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Fig. 8. First eight normal modes calculated for Dickinson and Warburton’s model in XY
plane
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In Table 2, the natural frequencies of the model under consideration obtained by
different authors are presented. The approximate analytical results of Dickinson and
Warburton [1].are shown in column 2, whereas column 3 presents their experimental results.
In column 4, the numerical results obtained using the procedure adopted for all numerical
calculations in the present paper are shown. In column 5, another set of numerical data
obtained by Hooker and O’Brien [2] can be seen.

As one can see, there is a good agreement between the experimental measurements
(column 3) and the numerical results of the present paper (column 4). On the other hand,
comparing the FE results of the present work and of the work of Hooker and O’Brien [2] with
the experimental results, one can see a noticeable improvement in accuracy of numerically
calculated natural frequencies in the present paper as compared to those calculated by Hooker
and O’Brien [2], which could be expected for a modern finite element software. Comparing
the present FE results with the approximate analytical calculations of Dickinson and
Warburton [1], one can see that the precision of the latter is generally not as good as that of
the present work, but it is better than the precision achieved by Hooker and O’Brien [2].
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Table 2. Measured and calculated natural frequencies of vibration for Dickinson and
Warburton’s box model

Theoretical Experimental . FE frequencies,
frequencies, Hz frequencies, Hz FE frequencies, Hz
Ne que S que o Hz '
(Dickinson and (Dickinson and (Present ’work) (Hooker and
Warburton 1967) Warburton 1967) O’Brien 1974)
1 2 3 4 5
1 179 178 178.53 184
2 203 228 230.36 206
3 258 264 270.88 262
4 272 282 281.87 279
5 283 297 301.85 291
6 333 328 331.54 336
7 384 395 397.82 394
8 397 399 399.16 409
9 437 451 449.87 452
10 455 479 473.91 465
11 486 495 485.43 497
12 499 497 499.29 512
13 570 571 565.08 588
14 577 580 575.10 595
15 624 634 625.15 669
16 648 642 640.51 671

3. Structural-Acoustic Analysis of the Fully Coupled Model

In this section, fully coupled structural-acoustic modes are investigated, and a set of
structural-acoustic frequency response functions (FRF’s) at specific acoustic nodes are
discussed and compared. As was mentioned above, simply supported boundary conditions at
the corner nodes of the bottom plate (Fig. 1) were imposed to simulate an attaching
mechanism. In the coupled model, 1812 CQUAD structural finite elements and 5040 CHEXA
acoustic finite elements were used. Energy losses in the structure were modeled using 3 %
damping factor. As far as air acoustic losses are concerned, a simple damping coefficient of 1
% was used for the sake of simplicity.

In Figure 9, some of the normal modes of the fully coupled model, that are
influenced by the first and second uncoupled acoustic modes, are presented. As it is well
known [18], the coupling depends on the spatial similarity and frequency closeness between
the uncoupled structural and acoustic normal modes. Therefore, some of the structural modes
can couple better with certain acoustic modes, in contrast to others. The three normal modes
shown in Fig. 9, at about 68, 71 and 111 Hz, are not much affected by the coupling effects
and are very similar to the corresponding uncoupled modes. Note that these particular modes
also do not make significant contributions to the overall structural-acoustic frequency
response functions (see Figs. 10 — 13).

The structural-acoustic pressure FRF’s calculated in the centre of the box interior (at
node 4826) and away from the centre (at node 6825) are shown in Figs. 10 and 11
respectively. For each of these figures, the driving force with the amplitude of 200 N is
applied in the centre and in the vicinity of a corner of the bottom plate. In Figs. 12 and 13
respectively, the same FRF’s are plotted together for different nodes and for the driving force
applied either in the centre or in the vicinity of a corner of the bottom plate.
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Taking into account the value of the first uncoupled acoustic natural frequency of the
model, which is about 69 Hz, the graphs presented in Figs. 10 — 13 can be regarded as
consisting of two parts. The first part, bellow 69 Hz, represents the area where FRF’s are
induced by structural vibrations of the model. The second part, above 69 Hz, is the area where
FRF’s are formed by a complex interaction of the structural and fluid vibrations. In the first
part of the graphs, one can notice that resonant amplitudes depend only on the position of the
external force and do not depend on the position of a receiver. This can be clearly seen in
Figs. 10 and 11, where the difference between them is around 15 dB, and in Figs. 12 and 13,
where FRF’s at both receiver positions simply coincide.

9

Fig. 9. Normal modes of a coupled box model:
a, b) at 68.352 Hz; ¢, d) at 71.848 Hz; and e, f) at 111.72 Hz.

In the second part of the graphs, above 69 Hz in Figs. 10 — 13, the FRF’s
demonstrate more complex behaviour. The maximum peaks in this part occur at different
frequencies for each FRF. For example, in Fig. 12, the FRF at node 4826 has a maximum
peak about 32 dB that occurs at 175 Hz, whereas for the FRF at node 6825, the maximum
peak is about 27 dB at about 130 Hz. This means that one and the same excitation can affect
in different way a potential receiver. In this case, the position of node 4826 is much more
prone to higher interior noise than the position of node 6825. Of course, under different
conditions the situation might be different.

As expected and as was mentioned above, the position of an external force can
influence significantly the sound pressure response in a box structure. If a force acts close to a
nodal line of a structural model, then the force can not excite many of the structural normal
modes and the pressure response inside the model will be much lower in a certain frequency
range. In practice, a complex geometry of the structure and a high dencity of the normal
modes make it quite difficult to find the appropriate nodal lines. However, in the case of
success, a noticeable noise reduction can be achieved. In this regard, the comparison between
FRF’s for different positions of the disturbing force, see Figs. 10 and 11, shows significant

O | e e —— | | —
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differences between the overall pressure responses. This means that the disturbing force
applied to these positions excites different normal modes. Thus, the center of the bottom plate
is an anti-nodal position for some of the normal modes, and a force applied to this position
can induce a significant sound pressure response inside the box model. In the same time, the
position in the vicinity of a corner of the bottom plate can be hardly considered as anti-nodal
for whichever normal mode, and generation of interior sound by a disturbing force applied
there can be substantially reduced.

Another key feature that can influence the sound pressure response in an enclosed
cavity is the position of a receiver (e.g., a microphone). As in the case of external force, the
position of a microphone can increase or decrease noise level perceived by a receiver.
Assuming that the location of a measurement device is close to a nodal line of a certain
acoustic mode of the enclosure, the pressure response at that position will be insignificant
compared to all other positions.

SPL, dBire, 2 0E-5

w0 i i i i i i i i i
0 50 100 180 200 2B0 300 350 400 450 500
Fraquency, Hz

Fig. 10. Structural-acoustic FRF’s calculated at node 4826 for a driving force applied close to
a corner (solid curve) and in the centre of the bottom plate (dash-dotted curve)

SPL dB(re, 2 OF-5

w0 i i i i i i i i i
0 50 100 150 200 250 300 350 400 450 50O
Fraquency, Hz

Fig. 11. Structural-acoustic FRF’s calculated at node 6825 for a driving force applied close to
a corner (solid curve) and in the centre of the bottom plate (dash-dotted curve)
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SPL, dBire, 2.0E-5

40 I I I I I I I I I
o 50 100 180 200 250 300 350 400 450 500
Frequency, Hz

Fig. 12. Structural-acoustic FRF’s calculated at node 4826 (solid curve) and at node 6825
(dash-dotted curve) for a driving force applied in the centre of the bottom plate

SPL dB{re, 2 0E-5

0 N I A A A S A R
0 50 {00 480 200 280 300 350 400 480 BOD
Frequency, Hz

Fig. 13. Structural-acoustic FRF’s calculated at node 4826 (solid curve) and at node 6825
(dash-dotted curve) for a driving force applied close to a corner of the bottom plate

In this regard, comparing the graphs shown in Figs. 12 and 13, one can notice that for
a range between 50 and 200 Hz the FRF at node 4826 is significantly lower, in comparison
with the pressure FRF at node 6825. Because node 4826 (the center of a rectangular
enclosure) is nodal for the first four acoustic modes (see Fig. 6), the decrease in sound
pressure level is well noticeable in the considered frequency range. Above 200 Hz, this
location is not nodal any more, and the sound pressure level becomes nearly the same as that
for node 6825.
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4. Conclusions

In the present paper, a comprehensive finite element analysis of structural, acoustic,
and coupled structural-acoustic properties of all-flexible rectangular boxes has been carried
out. Although the all-flexible model is geometrically similar to the widely used simple model
of a rigid rectangular box with only one flexible wall (that can be described analytically), it is
much more complex from the point of view of its structural-acoustic behaviour. Therefore, its
analysis represents an important step forward in understanding structural-acoustic properties
of more complex and more realistic structural-acoustic models.

The initial attention in this study has been paid to the uncoupled structural behaviour
of the model, where the results of the pioneering papers in this area have been revisited and
their accuracy improved.

In the second part of the paper, a fully coupled structural-acoustic analysis has been
undertaken, and a number of coupled structural-acoustic modes and a set of structural-
acoustic frequency response functions have been calculated and analysed for different
positions of a driving force and a receiver. The results obtained at different positions
demonstrate that, depending on the position of a driving force and a receiver, the resulting
frequency response functions can be significantly reduced in certain frequency intervals.
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IIpeaBapure/ibHbIe pe3yabTAThl IOCTPOECHNS U POBEPKH JA00OPATOPHOM
3arJIylIéHHOM KaMepbl
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AHHOTANHSA

[IpencraBieHo onucaHue MajaoradapuTHON Ja00paTOPHOM 3arayIIEHHOW KaMephl, IPUMEHICMOMN st
UCCIICIOBAHUS CPEACTB 3aIUTHl OT aKyCTHYECKUX M3Ny4eHHi. [laHo 00OCHOBaHME NMpUHLMIA € IOCTPOCHHS,
OIHCaHbl € KOHCTPYKTHBHBIE 0COOCHHOCTH. CTECHBI, IIOTOJOK M IIOJ KaMepbl MOKPHITHI 3BYKOIMOTJIOIIAIOIINM
MaTepHaioM B (OopMe KIMHBEB M BOJHBL [IpeqycMOTpeHa BO3ZMOXKHOCTH Pa3MEIICHHS MCCIEIYeMBIX CPEACTB
3aIIUTHI (IKPAHOB) Ha HANPABILIIOIIMX HA TPEX YPOBHX. V3MepHTEIbHBI MUKPO(GOH MOXKET pacloyaraTtbCs Ha
MSTKOI TOIBECKe B BEpXHEW YacTH KaMmephl WIM Ha IOTaTHBE. [IpHBENCHBI pe3yinbTaThl IPEABAPUTEIBHBIX
UCCJIEJIOBaHUI peallbHbIX aMIUINTYAHO-4aCTOTHBIX XapaKTEPUCTHK BHYTPEHHEro (pabodero) oobéMa KaMepsl J10
Y TIOCJIe HAHECEHUsI 3BYKOIOTJIOIIAIONIEr0 MaTepHraia Ha BHYTPEHHIOI MOBEPXHOCTh KaMmepsl. [IpeacraBieHo
00OCYXIICHHE TIpEelBapUTEIbHBIX PE3yJbTaTOB IPOBEJICHHBIX JKCIEpUMEHTOB. OmpeneneHbl  BOMPOCH
JlanbHEHINX paloT 1o ynydieHuto kamepsl. Pabora BeinosiHeHa npu nojaepxkke rpanrta POOU 14-08-00186.

KaoueBbie cioBa: aKYCTI/I‘IeCKI/Iﬁ myMm, AKyCTHYCCKas  KaMepa, aMIUIMTYAHO-4aCTOTHas
XapaKTCpUCTHKA, IIyMO3allu1Ta.

Preliminary results of build and test lab anechoic chamber

Bulkin V.V.%, Kalinichenko M.V.?
! Professor, Department "Technosphere safety”, Murom Institute (branch) Vladimir state University, Murom,
Vladimir region, Orlovskaya str., 23, Russian Federation
2 Senior lecturer of the Department "Technosphere safety”, Murom Institute (branch) Vladimir state University,
Murom, Vladimir region, Orlovskaya str., 23, Russian Federation

Abstract

The description of laboratory small-sized anechoic chamber, used to study remedies from the acoustic
radiation. The justification for the principle of its construction, described its design features. The walls, ceiling
and floor of the chamber covered with sound absorbing material in the form of wedges and waves.
Accommodate investigated means of protection (screens) on the rails at three levels. The measurement
microphone can be placed on a soft suspension bracket at the top of the camera or on a tripod. The results of
preliminary studies of the real amplitude-frequency characteristics of the internal (working) chamber volume
before and after applying the sound-absorbing material on the inner surface of the chamber. The preliminary
results of the experiments are present in the article. The issues identified further work on improving the camera.
The work is executed at support of RFBR grant 14-08-00186.

Keywords: acoustic noise, acoustic chamber, the amplitude-frequency characteristic, the noise.

“E-mail: whulkin@mail.ru (bynxun B.B.), marinakali@mail.ru (Karunuuenxo M.B.)
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BBenenne

OnHuM M3 BakHEMIIMX (GakTOpoB, (GOPMHUPYIOLUIUX 3J0POBbE HACEIEHUS TOpOJa,
sBisiercs myM. HeOmaronmpusiTHble aKyCTUYECKHUE YCJIOBUS MOTYT MPHUBOAMTH K MAaTOJIOTHH
CepAEYHO-COCYTUCTON M HEPBHOH cucTeM y Hambosee BOCIPHUMMYMBBIX CIOEB HACEJICHHS.
HccnenoBaHus MM NOCIAEAHMX JIET YCTAHOBJIEHO, YTO IIOJ BJIMSHUEM LIyMa HAaCTYyMNaroT
U3MEHEHHs B OpraHax 3peHHUs 4elloBeKa (CHMXKAeTCs YCTOMYMBOCTb SICHOI'O BHJIEHUS HU
OCTpOTa 3pEHHUs, H3MEHSIETCd UYBCTBUTEJIBHOCTb K pa3jIMYHbIM I[BETaM MU JAp.) H
BEeCTHOYJISIPHOM  ammapare, HapylmawTcs (YyHKIUM JKeIyJIOYHO-KHMIIEYHOTo  TPakKTa,
MOBBIINIACTCS BHYTPUUYEPEITHOE TaBJICHUE, MPOUCXOAT HapylIeHus B OOMEHHBIX Mpoleccax
OpraHusMa " T. II.

BnusHue aKyCcTHYECKOro HIymMa Ha 4YeJIOBEKa M3BECTHO U MHOI'O Pa3 pacCMOTPEHO B
caMbIX pa3HbIX HayuyHbIX paborax (Hampumep, [1, 2], u np.). M3yueHue Bo3MOXKHOCTEH
3alllMThl YE€JIOBEKa OT JaHHBIX BO3ICHCTBUI SBIISETCS Ba)KHOM coOCTaBisAOUIed y4ueOHOro
npoliecca 1o HarpasJIeHHIO MoAroToBKU «TexHochepHas 6e300acHOCTbY.

Jlig npoBeieHNsI U3MEPEHHI B aKyCTUYECKOM JMAINa30HEe UCIOIb3YIOTCS 0€33X0BbIE
kamepsl (BOK) — momerenue, B KOTOpOM He BO3HHKAET HXO.

Vx Ha3zHaueHWE TMperycMaTpUBAaeT BO3MOXKHOCTH PELICHHs OOJBIIOrO CIEKTpa
3aJa4, OT MCCIEJOBAHMS AKYCTUYECKHMX XapaKTEPUCTHK paA3JIUYHBIX KOHCTPYKLUUH 110
IPUMEHEHUS B y4eOHOM Ipolecce AJI MU3yuyeHUs 0COOEHHOCTEN 3allUThl OT aKyCTHYECKUX
mymMoB [3].00bIYHO Takue Kamepbl KOHCTPYHUPYIOT TaK, 4TOObl OHHU €€ M H30JIMPOBAIN
BHYTPEHHUI O0BEM OT BHELIHUX CHUTHAJIOB. BCE 3TO MO3BOJSET NMPOU3BOAUTH HM3MEPEHUS
CUTHAJIA, NPUIIEIIET0 HEMOCPEACTBEHHO OT MCTOYHUKA, MCKIIOYMB OTPAXEHHUS OT CTEH U
IIYM U3BHE.

CreHbl, MOTOJIOK M TOJ TaKMX KaMmep IOKPBITHl MaTepHajOM, MOMNIOIAOINM
COOTBETCTBYIOIIIME BOJIHBI.

AxycTtrudeckune 0e339X0Bble KaMepbl MCHOJIb3YIOTCS Ul UMHUTAIMM NPOCTPAHCTBA, B
KOTOPOM MCXOJSIIME OT HEKOr0 MCTOYHHMKA 3BYKOBBIE BOJHBI HE BO3BpALIAIOTCSA. ITO
MO3BOJISIET TECTUPOBATh U U3MEPSATh aKyCTHUECKUH 3(PQPEKT OT pa3inuyHbIX YCTpoHcTB. Jlis
oOecnieueHrs 0€33XOBOCTH MCNOJIb3yeTcs 3ByKomornomarouuii marepuan (3[IM) B gopme
KJIMHBEB ONPE/IETICHHOM BBICOTHI, (pOpMa U pa3Mepbl KOTOPBIX 3aBUCAT OT AMAaIa30Ha paboyux
qacToT [4].

Pasmep camoil kamepbl 3aBUCHUT OT Tuma TpeOyemblx u3MepeHuil. Hampumep,
KpUTEpUN pa3iauuus ONMKHEro W JAIBbHEro IOJIsl U3JIydareisl yCTaHABIMBAET MUHUMAJIbHOE
paccTosiHME MeXAy aHTEHHaMH IepelaTuhka W NpUEMHHKA. B cOOTBETCTBMM C 3THM U
YUUTBIBasi, 4TO TpedyeTcs MPOCTPAHCTBO JUIsl pa3MELICHUS MOTJIOTUTENeH W3IydeHus,
pacy€THBIN pa3Mep KaMepbl MOXKET OKa3aThCsl 0UE€HBb OOJIBIINM.

Ilenpto  BbIONHEHHOW  pabOTHl  sBIsieTCs  pa3paboTka  MallorabapuUTHOM
71a00paTOPHOI KaMephl ISl UCCIIEIOBAHUS CPE/ICTB 3AIIUTHI OT aKyCTUYECKUX M3ITyUCHHH.

1. IIpoekTupoBaHHe KaMepbl

[Tockonbky 3amada CcoO3JaHHSI JIOCTAaTOYHO HerabapuTHOW (MaiorabapuTHOI)
7ab0paTOpPHOM KaMephl MPEANojaraeT HEBO3MOXXHOCTh HCIIOIB30BAHMUS ATOW KaMmephl B
UCCIICIOBAHMSIX PA3NMU4YUil  OJMKHEr0 U JAIbHETOo TONsA UW3MydaTelns, JauarpaMMbl
HAIpPaBJIEHHOCTH NPUEMHBIX W U3IYYarOMIMX 3JIEMEHTOB (MUKPO(POHOB U aKyCTUYECKUX
CUCTEM), pa3Mepbl TaKoH KaMmephl CIEAyeT OMPEeNeNiTh HCXOIs W3 peaJbHOro o0bhEMa
MOMEIICHHS JTa0OpaTOPUU MPU YCIOBUH 00ECTICUCHUS] MUHUMYMa BO3MOXKHBIX (DYHKIIHI 1O
AHAJIN3y HWCTOYHUKOB HU3JTYy4YCHUA KU CPCACTB 3alllUThl OT HHX. I/ICXOI[H U3 3TOro, 6I>IJIO
OTIpeIeTICHO, YTO KaMmepa OyneT MMETh pa3Mepsl B mpezenax 2x1x0,8 M mpu BepTUKaIbHON
OpHEHTaLHHU.
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Kamepa BeImosHeHa wu3 TmaHened, KapKac KOTOPBHIX OCHOBaH Ha IPUMEHEHUHU
CTPOUTENILHBIX METANINYeCKUX mpodwiel mupuHoit 50 MM. DTOT pa3mMep BBIOpAaH UCXOJIS U3
TOJIIIMHBI 3BYKOIIOTJIOIIAIONIEH MUHEpaJbHOW Barhl. J[Js BHemHeld OOIIMBKU TaHEJeH
UCTONb30BaHa (haHepa TONIIMHOW § MM (Hapy)KHOE TOKpBITHE) W 4 MM (BHYTpEHHEE
nokpeiTHe). Ha mepeaHeil cTopoHe KaMephl HMMEIOTCS JBE JBEPH, OOECIICYMBAIOIINE
MaKCHUMaJIbHBIN TOCTYIl BO BHYTPEHHHN 00BEM.

C uenpto oOecrieYeHHs JTONOJHUTEIBHBIX (YHKIMHA KaMepbl, BHYTPH CTECHOK
pa3MemiéH SKpaHUPYIOIMIUKA Marepual, 4To O00eCleYrBaeT BO3MOXKHOCTH HCIOJIh30BAHUS
KaMephl JIUIS UCCIEA0BaHUS CPEJICTB 3aITUTHI OT JICKTPOMArHUTHBIX U3JTYYCHHI.

C nenbio BBIPABHUBAHUS XapPaKTEPUCTUKH KaMepbl U CHIDKEHUS YpPOBHSA 53Xa
BHYTPEHHSISI IOBEPXHOCTh MOKphITa 3[IM, B KauecTBe KOTOPOTO MCIOIB3YETCS aKyCTHYECKHUM
MOPOJIOH MUPaMUIATBHOTO M BOJIHOOOpa3Horo npoduiieil. B BepXHHUX yriax HCIOIb30BaHbBI
T. H. 0ac-JOBYIIKH, IpelHa3HAYEHHbIC MAJSl TOTJOMIEHUS HHU3KOYACTOTHBIX AKyCTHUYECKUX
CHUTHAJIOB.

JlBepu Kamepbl yCTaHOBJIEHbI Ha MeTisiX. VX ¢ukcanus B 3aKpbITOM COCTOSIHUH
OCYIIECTBIISICTCS C TOMOIIbI0 HAKUAHBIX (uKcaTopoB. Ha omgHO# M3 ABepeil ycTaHOBiEHA
KOJIOJKa C pa3béMaMu MJisi COCIUHEHUS BHEIIHUX M BHYTPEHHUX YCTPOWCTB CHCTEMBI.
AHasornyHas KOJIOJIKa YCTaHOBJIEHA Ha BHYTpPEHHEW MOBepXHOCTH jaBepu. [Ipegycmorpena
KJIeMMa JIJIsl COSIMHEHHsI BHYTPEHHETO SKpaHa ¢ 3a3eMIISIOIIUM KOHTYPOM.

Hus uccnenoBanus 3(QPEKTUBHOCTH NIYMO3ANIUTHBIX SKPAHOB TIPETyCMOTPEHBI
HAIPABIISAIONINE JJIS1 YCTAHOBKU SKPAHUPYIOIIUX KOHCTPYKIIMM Ha TPEX pa3HBIX YPOBHSX.

B kadectBe wu3myuareneil aKyCTHUYECKOTO CHUTHAJla HUCIOJIb3YIOTCS aKyCTUYECKUE
cucrembl 15AC-213 ot muHucrepeokomiiekca «Oma-102». Jlnana3zoH BOCHPOU3BOIUMBIX
gactot 63...20000 ['m, HOMUHANBHOE OJJIEKTpUYECcKOoe compoTuBicHne 4 OM, mpeneibHas
(macnioptHasi) MomHOCTh 25 BT. 'abaputsl AC - 178%160%265 mm.

B kavecTBe ycunurens IpUMEHEH YCUIIUTEIb MOIIIHOCTU OT KoMmIuiekca «Ona-102».

W3mepurenbHblii MUKPO(OH MOKET OBITh YCTAaHOBJIEH B BEpXHEHW 4acTH Kamephl Ha
MSTKOH 1MO/IBECKE MM 3a(hUKCHPOBaH, HalpUMep, Ha CTaHJapTHOW MUKpoQoHHOH cToiike. C
Henplo obecredeHus yao0cTBa paboOThl ¢ KaMepol OHa YCTAHOBJIEHA Ha NPOPE3MHEHHBIE
KOJIECA HA IIapHUPAX.

Pazmeps! kamepsl: BeicoTa 2262 MM, mmpuHa 960 MM, riryouHa 760 MM.

Bremnwmii Buj kamepsl Noka3zaH Ha pucyHke 1. Ha BHyTpeHHEN OBEPXHOCTH ABEpeEi
XOpOILIO MPOCMATPUBAETCA AKYCTHUYECKHM TOpOJoH Tuna «BomHa», Ha BHYTpEHHEH
ITOBEPXHOCTU KaMepsl — MopoJioH tumna «lInpamugay. Takxke Xoponio BUAHBI HAIPABIISIIOLIUE
JUISl YCTAaHOBKH IIIYMO3AIUTHBIX DKPAHOB.
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Puc. 1. Bun 3arnyméHHoN KaMepbl C OTKPBITBIMU JIBEPLIAMU

Ha pucynke 2 noka3zaHa BepxHsis 4acThb BHYTpEHHEH 30HBI Kamepbl. B 1eHTpe Ha
MSTKOH monBecke — MuKpodoH mymomepa BIIB-03. CneBa m cmpaBa OT HEro BHIIHBI
MIOPOJIOHOBBIE 0AC-TIOBYIIIKH.

Puc. 2. BepxHsisi 4acTb BHyTpEHHEN 30HBI KaMepbl C MUKpO(oHOM
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Ha pucynke 3 mpencraBieHa HIDKHSAS 4YacTh BHYTPEHHEH 30HBI KaMephl.
AKyCTUYECKHE CHUCTEMbI YCTaHOBIIEHBI B Oac-imoBymku apyroro tumna («Ky0»), xoropsie
SIBIISIFOTCS TSI HUX CBOEOOPA3HBIM MEHATIOM.

Puc. 3. HuxHsis 4acTh BHYTPEHHEN 30HbBI KaMephl C aKyCTUYECKHMMH CUCTEMaMHU

2. 3KCHepI/IMeHTaJIbHaﬂ MPOBEPKA XaPAKTEPUCTUK KaMEPDLI

[IpoBepka kaMmepsl ¢ TOYKU 3peHUs ociaabiIeHHs] aKyCTUYECKOT0 CHUTHalla U aHalu3a
aMIUTUTYAHO-4acTOTHOM  xapakrepuctuku (AUX) BHyTrpeHHero (pabouero) oObEMa
IPOBOJMIIACH CIEIYIOIUM 00pa3oM.

Jlnst IpoBEpKU YpOBHSI OclalJieHUsl aKyCTHUECKOro CHTHajla caMOi KOHCTPYKIUEH
KaMepbl OBIJI  KCIOJIb30BAaH TI'POMKOTOBOPHUTENb pYHNOpHBIA auHamuueckuit  ['P-6J1,
o0OecrieunBarOIMi, B COYETAaHUU C YCUJIIMTENIEM 3BYKOBOW YacTOTHI, YPOBEHb 3BYKOBOI'O
naBieHust Ha paccrossHuM 1 M — 116,5 nb wa wactore 1000 I'm. [Ipu ycTaHOBKE B 3aKPBITYIO
kamepy (0e3 BHYTPEHHEro TMOMJIONIAIONMIEro CJos) (PUKCUpPYyeMBbIi YPOBEHH 3BYKOBOTO
JaBlieHus yMeHbmuics 10 66,5 nb. Takum o0pa3oM, KOHCTPYKIIMS KaMepbl 0OECTICUHBAET
ypoBeHb ocnabienus B 50 nb.

Onenka AYX ocymecTBiassiach € MCIOJIb30BAaHUEM YCTAaHOBJIEHHBIX B Kamepe
aKycTuyeckux cucreM u urymomepa BIIIB-003 Ha cpeaHeB3BEeIIEHHBIX YacTOTax
TPEThOKTAaBHBIX Auana3zoHoB. O6muit Bux AUX kameps! 0e3 BHyTpeHHero 3IIM moka3aH Ha
pucynke 4. Kak cnenyet u3 rpaguka, pazdopoc 3HaueHuit umeeT nuanas3ol 30 ab.
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Puc. 4. AUX kameps! 0e3 BHyTpeHHero 31IM

Kpowme Toro, ananornynsrii ananu3 AYX 6bu1 npoBenéH u nmocne Hanecenus 3[IM Ha
BHYTPEHHIOIO [TIOBEPXHOCTh KaMepbl. Pe3yibTar npencranien Ha pucyHke 5. Kak cinenyer u3
rpaduka, pazdpoc 3HaUCHHI UMeeT nuana3oH 34 nb.

MosHO chenatbs BbIBOJ O TOM, 4To HaHeceHue 3IIM mnpuBeno K HEKOTOpOMY
yBenuueHuto HepaBHoMepHocTd AYX. IlpuumHy Takoli peakuuu Ha NPUMEHEHUE
3BYKOIOTJIOIIAIONIETO MOKPBITHS €1IE CIEAYET YCTaHOBUTD, OJHAKO YK€ IMOHATHO, YTO MOYKET
OBITH ClIEAYeT U3MEHUTH MOPAIOK PACIHOJ0KEHUS HA BHYTPEHHEH MOBEPXHOCTU PasHBIX IO

npopmwno 3[IM. Kpome Ttoro, cnemyer, Takxke, NpoBepUTh peaidbHyro AUX camux
AKYCTUYECKHUX CHUCTEM.
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OnHaKo B LIEJIOM TaKOe MOJIOKEHHE MOXKET OBITh IPUHSATO JOITYCTUMBIM, ITOCKOJIBKY
npu MnpoBCACHHUHN PCAIIbHBIX I/ICCJIeI[OBaHI/Iﬁ HOHy‘IeHHbeI pE3yibTaT JOJIKCH OBITH
CKOPPEKTHUPOBAH ¢ y4€ToM ucxogHon AYX.

3. OO0cyxIeHue npeaBapuTeIbHbIX Pe3yJbTATOB

PaccmarpuBaemas ~kamepa  INpeJHAa3Ha4eHa TOJBKO Uil JJaDOpaTopHOro
UCIIOJIb30BaHUSI B Y4eOHOM TIIpollecce M B HAy4YHBIX MCCIICIOBAHUSX, IPOBOJUMBIX Ha
Kadeape TexHocepHol Oe3omacHOCTH  MypoMCKOro HMHCTUTYTa BraauMupckoro
rOCY/IapCTBEHHOT0 yHHBepcuTera. Kak yxe roBOpmiioch, B CHIYy MalibiX €€ ra0apuToB HE
CTaBWJIACh 3a/ladya 00CCIEUYUTh BO3MOXHOCTh IPOBEACHUE M3MEPEHUI B T. H. JaJbHEH 30HE,
BKJIIOYAsl MOJy4EeHUE AMarpaMMbl HAIlPaBJICHHOCTH M3ITydaTenis (aKyCTHYECKHX CHUCTEM) WU
mukpodona. [ToaToMy maguM OLEHKY MOJy4eHHBIM pe3yibTaTaM HCXOAS UMEHHO M3 ITHX
COOOpakeHUH.

B Tabmune 1 mpencraBieHbl HEKOTOpPBIE MApPAMETPhl M UX XAPAKTEPUCTHKH JUIS
akyctuyeckux kamep |-V xmaccoB [5]. OueBumHO, 4YTO HHU TMOJA OJMH KJacc
CIPOCKTHUPOBAaHHAS KaMepa He MOIXOAUT HU 10 rabapUTHBIM pa3Mepam, HH 10 U30JIUPYIOIIEH
CIIOCOOHOCTH (HAaHECEHHE Ha BHYTPCHHIOI MOBEPXHOCTh KaMepbl aKyCTHYECKOIO MOPOJIOHA
HE H3MCHHWJIO YPOBCHb OCJIa0JICHHS aKyCTHYECKOrO CHIHAala, OCTaBMB €ro B Ipeienax
50,5 1b).

OnHako [yt 1eseld yaeOHOro mporecca Win Ul Ka4eCTBEHHOH OLIEHKH, HarpuMep,
3P PEKTUBHOCTH HIYMO3AIUTHBIX SKPAHOB, TaKask KaMepa BIOJIHE MIPUMEHNMA.

Tabnuya 1. HekoTopble XapaKTEPUCTUKU aKyCTUYECKUX Kamep

OcHoBHbIE TapaMeTpbI U Tunbl kamep
XapaKTEePUCTUKHU | 1 11 v
Pa3meps1 cBO6O1HOTO
IIPOCTPAHCTBA KaMepbl 12x11x6 10x9x5 7%x6,6x4 4x3,6%3,4
(axbxh), m

Cpennsist u3oaupyrouias
CIOCOOHOCTH OT

61 61 58 58
BO3JIYIIIHOTO IIymMa
orpaxaenuit kamepsl (R), 1b
3akirouenue
Co3gaHHass Kamepa COOTBETCTBYET IIOCTAaBIEHHOM Ilenmu —  pa3paboTke

ManorabapuTHON J1ab0OpaTOpHON KaMmepwl [UIsl HMCCIEAOBAHUS CPEACTB 3alllUTHl  OT
aKycTHUecKux Bo3zaeiicTBuil. (OOecreynBaeMblii  YpPOBEHb OCHAONEHUS aKyCTUYECKOTO
curHana (10 51 nb) mo3BossieT UCHOIB30BaTh KaMepy B yUeOHOM IMpoIiecce U psijie HayIHBIX
HICCIIENOBAHUMN.

TpeOyercs koppeknmst AUX akycTUUeckoro ToJyisi B KaMepe C IeNbI0 CYXEHUS
nuana3zoHa pa3dpoca ypoBHSI CUTHAJIa Ha pa3IMYHbIX YaCTOTaX.

Mo’KHO cuuTaTh, YTO MOCTABICHHAS LI€Tb PeaIl30BaHa B IOJIHOM 00BbEME.

Paboma evinonnena npu noodepaicke epanma PODOU 14-08-00186.
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00 onbITe MCC/IEIOBAHUS M CHUKEHUS BUOPALIMHA KOMIIPECCOPHBIX
YCTAHOBOK

Bacuibes A.B.
Camapckuii rocy1apCTBeHHBII TeXHHUECKUH yHUBEpcuUTeT, anpec: 443100, r. Camapa,
Mononorsapaeiickas, 244

AHHOTAN NS

ITpoBeneHsl nccineOBaHUS BHOPAIMOHHOTO COCTOSIHHS KOMIIPECCOPHBIX YCTAHOBOK pa3IMYHBIX
THUIIOB. YETHIPEXCTYNEHYAThIX MOPIIHEBBIX KommpeccopoB AO «KyiObImeBA30T» W BHHTOBBIX KOMIIPECCOPOB
AO «ABTOBA3». Pe3ynpTaTel UCCIEIOBaHUN MO3BOJIIOT MPHMTH K BBIBOJIY O 3HAYMTENHHOM MPEBBIIICHUU
BUOpalyu B psijie Touek u3MepeHuid. [IpennokeHbl MEpONPHUATHS MO CHMXEHUIO BUOpAaLUM KOMITPECCOPHBIX
YCTaHOBOK.

KiroueBsbie ciioBa: BI/I6paLII/I$I, KOMIPECCOPHBIC YCTAHOBKH, aHAJIN3, CHUXKCHUC

About the experience of research and reduction of vibration of compressor plants

Vasilyev A.V.
Head of Department of Chemical Technology and Industrial Ecology of Samara State Technical University,
Samara, Russian Federation

Abstract

Research of vibration state of compressor plants of different types are described: 4-stage piston
compressors of KuibyshevAzot Company and screw compressors of AVTOVAZ Inc. Results of research are
allowing to conclude that there is significant exceeding of vibration level in a number of points of measurements.
Measures for reduction of vibration of compressor plants are suggested.

Keywords: vibration, compressor plants, analysis, reduction.

BBenenune

KomnpeccopHble yCTaHOBKM IIMPOKO TPHUMEHSIOTCS B PA3JIMYHBIX OTPaCHAX
NPOMBIIIICHHOCTH. [Ipy 3TOM MX BHOpamus MpeACTaBiIsIeT CEPhE3HYIO MPOOIEMy U MOXKET
NPUBECTH HE TOJBKO K HEraTUBHOMY BO3/EHUCTBHUIO HA ITPOM3BOICTBEHHBII MEPCOHAN, HO U K
CHIDKEHHIO TPOU3BOJIUTEIILHOCTH PabOThl KOMIIPECCOPOB, Pa3pyHICHHIO TPyOOIPOBOAOB U
arperatoB u nap. [1-9, 13, 16, 17]. ABTOpOM NpPOBEICHBI HCCIEIOBaHUS BUOPAIMOHHOTO
COCTOSTHUSI KOMIIPECCOPHBIX YCTAaHOBOK PA3JIMYHBIX THIOB. Llenbio mucciemoBaHmii SBISUTHCH
HKCIEPUMEHTAIbHbIE W3MEPEHUs aMIUIMTYIHO-YaCTOTHBIX XapaKTePUCTUK BUOpaluu
KOMITPECCOPHBIX YCTAHOBOK M WX KOHCTPYKTHBHBIX DJJIEMEHTOB (BCACBHIBAIOIIMHA U
HarHeTaroIuil TpyOOoIIpoBO/IbI, KOPITYC, OTIOPBI, PYHIAMEHT, XOJIOMIBHUK | Ap.) U MPUHSITHE
3aKIIIOYCHHST O COOTBETCTBUM YpPOBHEW BHOpAlMM YCTAaHOBICHHBIM HopMaTwBaM. Jliis
OTIpeNieNIeHus] XapakTepa BHOPALMOHHOTO BO30YXJIEHHUS KOMIIpeccopa M €ro 3JIEMEHTOB
U3MEPSUIMCh YpPOBHU BHOpauuii mpu paboTe KomIpeccopa C IMOJTHOW Harpyskoi u 0e3
Harpy3ku. U3mepenuss mnpoBoauiMch B Haubojee BHOpPOOMACHBIX TOYKax B Tpex
HaIpaBJICHUSX:

X — BEpTHKAJIbHOE HalpaBJICHUE, IEPIICHAUKYIISIPHOE OCH TPYOOIIPOBOIOB;

Y — HampaBIIeHHE, MTApaJIeIbHOE OCH TPYOOTIPOBO/IOB;

E-mail:vasilyev.av@samgtu.ru
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Z — HarpaBJIeHUE, IEPICHINKYISPHOE OCSIM X U Y.

JInst mpoBeieHus nccaeI0BaHUH NCIIONIb30Bajlach BHOPOM3MEPHTEINIbHAS araparypa
¢upmer «bproas u Keepy, Hanus.

Hacrosimass crarbs mOCBSIEHA aHATN3y HEKOTOPBIX pE3YJIbTaTOB H3MEPEHHI
BUOpAIMH JUIS PA3JIMYHBIX THIIOB KOMIIPECCOPHBIX YCTAHOBOK M Pa3padOTKe MEPONIPHUATHIA 1O
CHIDKCHUIO BHOPAIHH.

1. HcciaenoBanme  BHOpaAMH  YETHIPEXCTYNEHYATBHIX  KOMIIPECCOPHBIX
YCTAHOBOK

B kauectBe oObekTa ucciaenoBanuii Obu1 B3sT KoMmpeccop Ne 9/01-4 mapku 4HBSK
400/620 ¢ MakcMMaJbHBIM JIaBICHUEM HAarHETaHWUs YETBEPTOHM CTyNeHH P=23 Kr/cm 2
MpOU3BOAUTENBHOCTEIO  Q=6500 M4, @ TakKe  HX KOHCTPYKTUBHBIX  3JIEMEHTOB
(BcachIBalOLMii W  HArHeTaroluil  TpyOONMpOBOABI, KOpIYC, OMOpbI, (yHIAMEHT,
xonoamibHUK). Komnpeccop ucnonb3yercs Ha npousBojctBe B AO «KyitobimeBA3zor». Ha
puc.l mpencTaBiIeHO pPACMONIOKEHHE TOUYEeK M3MEPEeHUs YpoBHEH BuUOpauuii Ha (QyHIaMeHTe
pecuBEepOoB M XOJOIMJIBHUKOB, a TaKXke  TPyOONpPOBOJIOB Komrpeccopa. Pesynbrars
M3MEpEHUI pe/icTaBiIeHbl B Tabuie 1. AHamu3 NOJy4eHHBIX Pe3yabTaTOB MOKA3bIBAET, UTO
B HU3KOYACTOTHOM JIHMAaNa30HE MPAKTHUYSCKU BE3JIe MPOSBISIOTCS KOJIcOaHUS HA OCHOBHOM
vactote f = 12,5, B mesnom e Hanbosiee MHTEHCUBHBI BUOpAIMU 32 BTOPOM CTYNEHBIO
KOMITpeccopa.

Gor-7 o8
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< ;
1l v Yor-9 | (9t

Lo 2=

Puc.1. Cxema Touek u3MepeHust BUOpaIuK 4-X CTyIeH4aToro Kommpeccopa mexa 27
AO «KyiiOpIeBA30T»
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Tabauya 1. O6e ypoBHH BHOPOYCKOpEHUI TpyOompoBoaoB Kommpeccopa Ne 9/01
npu 100% narpyske (1b)

Homepa TOUK | Hanpapaenne x | Hanpasaenney | Hanpasienne
n3MepeHmii
1 89 90 92
2 79 90 82
3 94 89 90
4 90 88 88
5 89 89 87
6 89 87 82
7 86 97 88
8 78 85 76
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Puc.2. TpeTbokTaBHBIN CHIEKTp BUOpoIepeMelieHni B T.3, HarpaBjieHue Y
(mpu paboueit Harpy3Kke U 0e3 Harpy3Kku)

Taxxke uccrnenoBanack BHOpAIUs YETHIPEXCTYMEHYATHIX OMIMO3UTHBIX MOPIIHEBHIX
yTIeKUCIOTHRIX KommpeccopoB mexa Ned AO «KyiOpimeBA30T» U UX  TpyOONPOBOJIOB.
beutn mpoBefieHB M3MEpEHUsT aMIUTUTY BHOPOCMEIEHUN M 3HaueHUW BUOPOCKOPOCTEH B
Pa3IMYHBIX TUIOCKOCTSAX (OHOYHCIIOBBIE 3HAYEHHUS] M OKTaBHBIC CIEKTpHI). [lpu 3TOM
KOMITPECCOPHI paboTaiu B PEKMME TOTHOW Harpy3ku. B CBS3M ¢ BBICOKMMH YpPOBHSIMH
BUOpaluy OBbLIM MPOBEACHBI TAKXKE MU3MEPEHHUs HAa HarHeTaTeJIbHOM TpyOONpoBoOje HauyMHAas
OT BBIXOJIa MATOM CTyMeHUu Kommpeccopa 1 u 1o komrpeccopa 4 B Hanbomee BHOPOOTIACHBIX
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ToukKax. MakCUMasbHO JOMYCTHMAs aMILTUTY/Ia BUOPAIIUHM TEXHOJIOTHYECKUX TPYOOIPOBOIOB
coctapiseT 0,2 MM (200 MmxM) mipu yactote BuOpamuu He O6osee 40 ['11. AHamU3 pe3ynbTaToB
U3MEPEeHUH IMOKa3aJ, YTO MMEETCSl PsI TOYEeK C SBHBIM IMPEBHIICHUEM MpPeeTbHO-
JIOITYCTUMBIX HOPMAaTHBOB. B HEKOTOPBIX TOYKAX INPEBBIICHUE HOPMATHBHBIX 3HAYCHUIA
pasmaxa kosiebaHuii gocturaer 3 W Oosnee pasa. AHaiIM3 CIIEKTPOB BHOPOCKOPOCTH B
HEKOTOPHIX BHOPOOIIACHBIX TOYKax ITOKa3aJl, YTO HamOoJiee BBICOKHE YPOBHH BHUOpamuu
HabmoaroTest Ha yactorax oT 1 10 40 ', T.e. B HU3KOYaCTOTHOM 00JIACTH CIIEKTpa.

2. HccaenoBanue BUOpaALi BUHTOBBIX KOMIIPECCOPHBIX YCTAHOBOK

BuHTOBBIE KOMIIpECCOPBI OTHOCATCS K KOMIIPECCOPAM POTOPHOrO THUIA, B KOTOPBIX
U3MEHEeHHEe 00beMa OCYILECTBIIETCS. POTOPOM, COBEPILAIOIIMM BpalaTeabHoe Apuxkenue. I1o
CPaBHEHHMIO C KOMIpECCOpaMu JpPYrMX THUIOB, HalpuMep, MOPUIHEBBIMU  WJIU
LEHTPOOESKHBIMU, BHOPOAMArHOCTHKA BHHTOBBIX KOMIIPECCOPOB HMMEET CBOKO CIELU(HKY.
OTO MOATBEPKAAIOT PE3yJIbTaThl MPOBEIEHHOIO BHUOPALMOHHOTO OOCII€JOBaHHUSI BUHTOBOIO
koMmrpeccopa Ne43 sueprermueckoro npousBoactBa AO «<ABTOBA3». Baxneitmmm
JUArHOCTUYECKUM IapaMeTpoOM 31eCh SBISIETCS ypOBEHb BHOpaluu Ha omopax
HNOJIIMIHUKOB. bbUIO  MpoBeaeHO M3MepeHHe ypoBHeH BHOpauuu  0OCiIedyeMoro
KOMIIpEcCOpa Ha OIopax MOJIIMWIIHUKOB B TpeX HampaBieHusx: B — Beprukanphoe; ' —
ropusonTaibHoe; O — oceBoe. [ npoBeneHUsT U3MEPEHUH M MX aHalu3a UCIOJIb30BaIUCh
cienyromme npudops! pupmsel «bproas u Keep»:

- UHTerpupyromuii Budbpomerp 2513;

- mudpoBoi usmepurenbHbiii MarauToGon WQO0860;
- a”ayimzarop crekrpa 2515;

- camonucen ypoBHs 2317.

N3mepenust cpeqHeKBagpaTUYHBIX 3HAYEHUH BHUOPOCKOPOCTH ObUIM IPOU3BENEHBI
UHTErpaibHbIM BuOpoMeTpoM 2513 (paGouuii quamnazoH yactoT nmo BUOpockopoctd ot 10 10
10000 I'1y).

Pe3ynbpTaThl H3MepeHHii ypoBHEH BUOpaluu B MM/C CBE/IEHBI B Ta0IuIy 2.

Tabnuya 2. Pe3ynpTaThl M3MEpEeHHMH YpOBHEH BHOpalMy BHHTOBOTO KOMIIpeccopa
Ned3 (u3mepsemslil mapameTp — BUOPOCKOPOCTh, MM/C).

Hampasnenune/
HOMEp U3MEpEHUs

1 2 3 4 5 6 7 8 9 10

BeprukansHoe 6,7 7,5 6,0 75 1,2 0,9 5,0 2,8 42 | 4,0
["opusoHTagbHOE 6,0 45 4,2 7,5 52 4.7 6,5 3,5 35 | 55
OceBoe 9,5 85 | 10,0 | 10,0 | 3,5 3,5 9,0 6,7 47 | 6,7

Ha puc. 3-4 moka3aHbl CIEKTpalibHbIE 3HAYCHHUS BUOPOCKOPOCTH B Pa3IMYHBIX
WU3MEPEHHBIX TOYKAX.
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Puc. 4. 1/12 oKTaBHBIHA CHIEKTP BUOPOCKOPOCTH BUHTOBOTO KOMIIPECcopa, T.3X

AHanu3 pe3yiabTaToB U3MEPEHHI MO3BOSET CAENATh CIEIYIOIINE BEIBOIBI:
1. BubpanmonHoe cocTossHue Komrpeccopa no crangapty 1SO — 2372 mist mammH
rpynnbl G COOTBETCTBYET KaUEeCTBEHHOMN OIICHKE:
a) Kopmyc uuskoro masienus (K.H.J.) — «omyctumsriii nmpeaen» (ot 4,5 10
11,2 mm/c);
0) Kopmryc Beicokoro masnenus (K.B.[l.) — «/lomycTumsrii npeaemn»,

B) DJIEKTpOABUTATENb — «J|OMYyCTUMBIN TIpeemn».

2. Bo Bcex H3MEpHUTEIBHBIX TOYKAaX B CHEKTpaX BHOpAIMM MaKCHUMaIbHBIMU
SIBIIIFOTCST COCTABJISIIOIINE ¢ 4acToTOM Bpamienus npuBoaa f = 48,7 I'n (mist 6% mocTossHHOMN
OTHOCHUTENIbHOM MUpHUHBI TTos10ckl iporryckanust [TIOLIIT — norapudmudeckas och 4aCTOTHI) U
f = 49,6 I'n (s nmocrosiHHOM monockl nponyckanus [III1 — nuHeiHas OCh YacTOTHI), YTO
CBUJETENBCTBYET O pacueHTpoBke cBsizu K.H.J[. — snexkrpoaBurarens M HE3HAYMTEIbLHOU
pacuentpoBke cBsizu K.B.Jl. — anekTpoaBuraTens.
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3. 3HAYUTEIBHBIMHU TI0 YPOBHIO SIBJISIOTCS COCTaBJsfoIue ¢ yactoroi 194 I'm (ams
6% ITOLIIT) n 198,2 I'm (mus IIITIT). Bubpanus Ha maHHOW YacTOTE BhI3BaHA MYJIbCAIUEH
BO3/lyXa B MPOTOYHON YaCTH KOMIIpeccopa:

fnynbc = nBl/IHT* prau.L (1)

rae fuyme— 9acrora mynscanum, I';
Ngyyr — YACITIO BUHTOB POTOpA, LIT.;
fupaw — 9gacrora BpameHus, ['m.

4. YpoBHHM BUOpaluu, YKa3aHHbIE B MyHKTaXx 2 W 3, YCHUIUBAIOTCA BBUIY
HEJOCTATOYHOU KECTKOCTH (yHIaMeHTa (TOSBJISIOTCS TPEIIMHBI) W OclabeBaHUS CBSI3U
KOpIyc — (OyH/JIaMeHT.

5. CocraBnsoniye ¢ 4acToTaMH 3y04yaTroro 3amneruieHus: (M3HOC 3yOuaTod Iapsl),
nedexra CTepKHEe poTopa 3JEKTPOJBUTATeNs, qucOaIaHC BajioB, JE(PEKTOB MOIIUITHUKOB
KaueHUs! UMEIOT HE3HAUUTEJIbHbIE YPOBHHU.

3. Pa3paborka MeponmpusiTHH MO CHH)KEHHI0O BHOpPamuM KOMIIPECCOPHBIX
YCTaHOBOK

Hcxons u3 pe3ynbTaToB U3MEPEHUH, pa3padaTbIBAINCh U Pa3IMYHbIC MEPOIIPUATHUS 110
CHIDKEHMIO BUOpalMu s pPa3Iu4HbIX MapokK KomrpeccopoB. Tak, uis yMeHbLICHHS
BUOpAIM Ha BCACHIBAaHMH IOPUIHEBBIX KOMIIPECCOPOB B JMANA30HE HU3KHX YacTOT ObUIH
pa3paboTaHbl clielUalbHble KOHCTPYKIMHM IYCTOTENIBIX KOMIIAKTHBIX racuTesied MyJbcalui
[4, 5, 15].

Jnss  yMeHbIIeHUS BUOpallMKd 4YeThIPEXCTYNEHUYaThIX KOMIPeccopoB lexa 27
HEoO0X0auMO ociialleHHne MyJbCcalliii JaBiI€HMs ra3a B MarucTpajlud TpyOOIIpoBOJa MEXIY
KOMIIPECCOPOM M XOJIOJMIIBHUKOM. AHAJIN3 YaCTOTHBIX CHEKTPOB BHOPALMU MOKa3bIBAET, YTO
JUI TAaHHOTO KOMIIPECCOpa BBICOKHE YPOBHHM BHOpaIu TPyOOIpOBOAAa HA BBIXOAE BTOPOU
CTYNEHM BBI3BaHbl B 3HAUUTENILHOW Mepe NpeoOiajarollMMU 3HAYeHMSAMU BHOpalUMU Ha
OCHOBHOM yacTtoTe paborel Kommpeccopa (f=12,5T1). Ilostomy B [maHHOM ciaydae
ONpaB/aHHBIM  SABIsETCS pa3paboTKa KOHCTPYKLUMH PE30HAHCHOTO racuTens. bbuin
pa3zpaboTaHbl pa3IMYHble KOHCTPYKLIUU PE30HATOPA.

Jlns cHKeHUsl BHOpallMu BUHTOBBIX KOMIIPECCOPOB PEKOMEHYIOTCS LEHTPOBKA
arperata, OOTs)KKa OOJITOB KpEIJICHHS KOPITyCOB BHHTOBBIX KOMIIPECCOPOB, a TaKxke
yCTaHOBKA OCEBOro paz0era poTOpoB BUHTOBBIX KOMITPECCOPOB.

Jlnst CHWO)KEHUST BHOpAllMU KOMIIPECCOPHBIX YCTaHOBOK M WX TpPyOONpPOBOIOB
IpeUIaraeTcst UCIOIb30BaHME PSJIa IPYTUX MEPOIIPUATUH, CPETU KOTOPBIX:

1. YcraHoBKa pa3iMUHBIX TUIIOB KPEIJIEHHI TPyOONPOBOJOB, YCUJIEHHE ONOpP IMOA
HarHeTaTeIbHbIA TPYOOIIPOBO/I, YCTaHOBKA BUOpou3onupyromux omop [1, 9, 11].

2. YMeHbBIIICHHE KOJIMYECTBA TIOBOPOTOB TPYOOTIPOBOJIOB.

3. YcraHOBKa JpoCCeIbHBIX MIa0 BO (IAHIEBBIX COCTUHEHUSAX TPYOOIIPOBO/IOB.

4. Ucnonb3oBaHue BUOpoaeMIIprpoBaHUSI.

5. VYcraHoBKa IUHAMUYECKMX TacuTeled myJbCcallid JaBJeHHUsS Ta3a B
HarHeTaTeJbHOM TpyOONpoBOE, PACCUMTAHHBIX Ha BhICOKOE naBieHue (p > 200 xr/cm 2) [6,
10].

6. Pa3paboTka racureneii KpyTHIBHBIX KosieOanuii [12] u ap.
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3akiarouyeHue

[IpoBeneHHbIC WCCIAENOBAaHUS MMO3BOJSIIOT — CAETATh BBIBOJ, 4YTO BHOparms
KOMITPECCOPHBIX YCTAHOBOK Pa3IMUHBIX THUIIOB MPEACTaBIsET cO00M cepbe3Hyto npobdiemy. B
psiZie TOYEK U3MEPEHUM YCTAaHOBJICHBI 3HAUUTEIbHBIE MPEBHIIIICHUS HOPMATUBHBIX 3HAYEHUH.
[IpenoxeH psg MEPONPUATUN IO CHUKEHHUIO BUOpAIIMN KOMIIPECCOPHBIX YCTAaHOBOK.
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HNcnonb30BaHue NPOrpaMMHOIO MPOAYKTA /IJIsl BHINIOJIHEHHSI pacyera
0KMAAeMOM IYMHOCTH
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AHHOTANHSA

B naHHO# cTathe paccMarpuBacTCs Iporpamma i pacdera 0XujnaeMou mymHoctu. Llens nanHoi
CTaThbH — 0OOCHOBaHME HCIIOJIB30BAaHMS MPOTpaMMbl. BputM TpUBENEHBI HEKOTOPBIE (POPMYJIBI, HCIOIb3YEMbIE
OpU  pacdeTe OXKHIAEMOH IIYMHOCTH OT HECKONBKMX MCTOYHHKOB WH3IydeHHs Inyma. JlaHa cXxema
MPOHUKHOBCHUS JOJNEH IIyMa OT MCTOYHHKOB UYEpe3 OCHOBHBIC KaHAJIbl B KaOWHY CTPOHTENIHLHO-IOPOXKHBIX
MalvH, (GOpMHpPYIOIIUE aKycTHIecKoe Tosie B kabuHe. KpaTko ommcaHsl paboTa mporpaMMsbl U €€ HalMCaHUeE.
CocraBneHa OJI0K-CXeMa, IPEACTABISIONIAS COBOKYITHOCTh 3TaroB pabOThl aITOPUTMA, B KOTOPOM OTHENIbHBIC
IIard U300paXkaroTCs B BUIC OJIOKOB Pa3IUYHON (HOPMBIL.

KiaroueBble cjioBa: Iym, KaOuHa CTPOUTCIIBHO-AOPOKHBIX MAIIMH, dKYCTUYCCKOC II0JIC, ITporpamMmma,
pacuer 0)1(PII[8.CMOI7[ LITYMHOCTH.

The use of the software for calculation of the expected noise

Grishina S.Y. !, Kurzev G.M.?, Putechev A.D.?
! Graduate student, Baltic State Technical University « VOENMEH» named after D.F. Ustinov,
Saint-Petersburg, Russia
2 Professor, Baltic State Technical University « VOENMEH» named after D.F. Ustinov, Saint-Petersburg, Russia
® Student, Baltic State Technical University « VOENMEH» named after D.F. Ustinov, Saint-Petersburg, Russia

Abstract

This article presents a program for the calculation of the expected noise. The purpose of this article is
the justification for using this program. Formulas were given for calculating the expected noise from several
sources of noise emission. Transmission of noise part from sources through main channels to cabin of
construction machine is presented by scheme. It generates the acoustic field in the cabin. The program is
described briefly. The block-scheme represents the set of steps of the algorithm. Individual steps are depicted as
blocks of various shapes.

Keywords: noise, cabin of construction machine, acoustic field, program, calculating the expected
noise.

Beenenne

Iym B CTpOUTENHHO-OPOKHOM TEXHUKE HEOIArONMPUAITEH JIIsl paboyero M siBisieTcs
NPUYMHON CHM)KEHUS INPOU3BOAUTENBHOCTU TpyAa. s aHanu3a BO3IEHCTBUS IIyMa Ha
BOJUTENS CTPOUTEIBbHO-IO0POXKHON Mamuubl (nanee — CJIM) HeoOXomuMo chopMHUpOBATH
MaTEeMaTHYECKYIO0 MOJIENIb U PacCUMTaTh IIyM, MPOHUKAIONINI B KaOuHy. Pacuer oxumaeMoit
IIYMHOCTH B KaOHMHE SBIISIETCSA TPYAOEMKHUM M J0JITUM mpoueccoM. [loatomy ni1st oOneryenus

“E-mail: gsy62@mail.ru (Ipuwuna C.1O.)

35



Tpuwuna C. 1O., Kypyes I'. M., [lymeues A. /1. 36
Hcnonvzosanue npozpammnozo npodykma 0Jis 8bINOIHEHUsL PACYEmd 0HCUOAeMOl UYMHOCIU

BHITIOJTHEHMST pacdera Oblia pa3paboTaHa mporpamMma, OCHOBAHHAs Ha aHAJTUTHYECKON
MOJIEJIHN OIPEICICHHSI 0KUIaeMOM IIyMHOCTH.

1. PacuerHast Mmoaejb

1.1 AKkycTH4yeckasi cxeMa IPOHUKHOBeHus myma B kaduny C/IM

Ha pucynke 1 mpezacraBieH o0pasel] CTpOUTEIbHO-I0POKHON TEXHUKH, HA KOTOPOM
CXEMaTHMYHO O00O3Ha4YeHbl MYTH NPOHUKHOBEHUS LIymMa B KaOWHY BOJUTENS OT OCHOBHBIX
HCTOYHHKOB U3JTYy4YCHUS.

Puc. 1. YcnoBHas akycTudeckas cxeMa IPOHUKHOBEHUs Iryma B kabuny CIAM

1 — wym evinycka, nponukarowuii Ha pabouee mecmo onepamopa uepes NaHeiu 02ParicoeHus
KaOumvl; 2 — wym 6cacbi8anus, NpOHUKAIOWUY Ha pabouee Mecmo onepamopa yepes nameau
ocpadicoenust Kabumvl, 3 — wym 0gueameiist, RPOHUKAIOWUL Ha paboyee Mecmo yepe3 nepecopooxy
MeHcOy MOMOPHBIM OMCEKOM U KAOUHOU, 4 — wym osucamers, NpOHUKAIOWUL HA paboiee Mecmo
yepe3 noJl Kabunvl HEenocpedCmeeHHo, 5 — wym 0sueamens, NPOHUKAoWUll Ha pabouee Mecmo uepes
HUICHULL OMKPLIMbLIL NPOEM 6 Kanome u dajee uepe3 noj Kabunsl; 6 — wiym ogueamers,
npoHuKawull Ha paboyee Mecmo yepe3 02paicoeHus Kanoma u oaiee yepes namenu Kabumul, 3a
UCKTIOYeHUeM Noaa u nepe2opooKU, 7 — ulymM 6eHMUIAMOopa CUCHeMbl OXJANHCOEHUS, NPOHUKAIOWUTL HA
pabouee mecmo uepe3 paouamop OXAadCOeHUsl u oanee uepe3 nepecopooKy Meicoy MOMOPHbIM
OmceKoM U KabUHOU,; 8§ — WyM GeHMUNAMOPA, CUCEMbl OXNAHCOEHUs, NPOHUKAIOWUL Ha paboyee
Mecmo uepe3 paouamop OXaaxcoeHus u oaiee uepes noi kabumsl, 9 — wym eenmunamopa,
NPOHUKAIOWUL HA pabouee MeCcmo Yepes 02padcoenus Kanoma u oajee yepes nameau Kabumsl, 3a
UCKTIIOYeHUeM Noua U nepecopooKu

1.2 ®opmyabl, ucnojab3lyeMble B MporpaMMe IMpPH pacyeTe O0KHIAEMOit
IIYMHOCTH

[llym BBIMyCKa, TPOHMKAMONMMN Ha pabodee MECTO oreparopa 4Yepe3 MaHeH
OTpaKJIeHUI KaOWHBI, ¢ Y4eTOM NU(PPAKIMOHHBIX SBICHUH, 32 HUCKIIOUEHUEM IMEPErOPOaAKU
MEXy MOTOPHBIM OTCEKOM M KaOWHOM | 1oJia, onpeeneH mo Gopmyne [1]:

n

Zsmﬁ Zsmﬁi
-10lg— L +10lg I:lAm +I1IH,, -, —%+6,05 (1)

LKa6 = L - 20 Ig R 6blN.
$s., 100 A
i=1

6bln Wegbin

6bln

rac L - 3BYKOBasgd MOIIHOCTb, U3JIydacMasd BbIITYCKOM, I[B;

'Wegbin
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R,.. - DAcCTOSIHUE OT Cpe3a BBITYCKHOMI TpyOBb! 10 Onmkaiiieli maHeau KaOUHBbI, M;
S

KaOuHY, MZ;
N - YKCII0 PJICMEHTOB OTPAKICHHS KAOWHBI, IIT.;
3U . .. - 3ByKOU3OJIAIHUSA 1-TO 3JIeMeHTa KaOuHbI, 1b;

kabi

- IUIOIIAJb 1-TO OTrPaXKIEHHs, Yepe3 KOTOphIe IIyM BBHINYCKa IPOHUKAET B

Kao;

tmw’

oudpi " no0aBKka K 3BYKOM3OJSIUHU 1-TO OTPaKIEHUs KaOWMHBI B 3aBUCUMOCTH OT

. 6 .
PACIIOJIOKEHHS €€ TTaHeNIeH K BBITYCKY, ab, '[:;Z(i,p =5 1B — 1151 IOTONKA M GOKOBBIX NAHENEH,

tmﬁ

oudp; =8 nb — s 3agHEl MaHe Iy 0 OTHOIICHHIO K BBIITYCKY;

= 2.
ab amﬁ : SKaﬁ.oﬁm > M,

A _; - 3ByKONOIJOIIEHHE KaOUHBI, A

a,,; - CpeaHUi KOA(pOUIMEHT 3BYKONOIIIOMEH S KaOUHBI;

. 2.
Smﬁ_ow - 001I1ast TUIOIIAh BHYTPEHHHUX OTPaXKICHHI KaOWHBI, M,
IIH,,,, - moka3aTenb HalPaBICHHOCTH BBIITYCKa, 1b;

B.., - 100aBKa, yYUTHIBAIONIAsl PACIIOI0KEHHE BBITYCKHON TPYOBI 110 OTHOLICHHIO K

KaOuHe norpy3unka, ab;

X - umcioBasl j00aBka, KoTopas npu Q= paBHa 5 nb, npu Q=27 - 8§ b,
Q=4 - 11 nb, () - npocTpaHCTBEHHBIN YTOJI H3ITY4YEHHUS] UCTOYHUKOB, IIPH U3TYYCHUH B
OTKPBITOE TIPOCTPAHCTBO OH COCTABISIET 47, B MOJYIPOCTPAHCTBO 277, B IBYXTPAHHBIA YTOJI
- 7).

[IIym BEeHTHISATOpPA CUCTEMBI OXJIXKICHUS, TPOHUKAIOMINK HAa pabodyee MecTo yepes
panuaTop OXJaXAEHUS U Jajiee depe3 MeperopoyiKy Mexay MOTOPHBIM OTCEKOM M KaOMHOM,
onpeneneH o Gopmye [3]:

4 S
" Y wan. senm. — 3Hpaz). +10 Ig —pad 10 Ig an_()g. +

Kan.eenm.oouw. Kan.eenm . Kan.eemm . (2)

LKa6 _ L + 10 Ig Zlcan.geym.

senm.nep W eenm

SV!C’
-34,, +10lg ——-10Ig A, ; + 6,05

xan.os.

rae Lw - SBYKOBafl MOIIIHOCTB, H3J1y11aeMa$[ BGHTI/IJ’[SITOPOM CHUCTEMBI OXJIAXKJICHUS,
ab;
KOB(I)(I)I/II_II/ICHT, y‘II/ITLIBaIOIJ_II/Iﬁ BIIUSHUC 6J'II/I)KH6FO BBYKOBOI‘ O IIOJIA

Zmﬂ.@eH]ﬂ.-
BEHTUJIATOPA;
ofOmas TuIoNmaAh BHYTPEHHUX OTPaXJCHUW MaHeled KaroTa

Kan.eeHm .oou.

2.
BCHTHJIATOpPA, M ,

WY o com. - KOO ULIMEHT, yunTHIBaOIINI HapyleHHe JU(PPYy3HOCTH 3BYKOBOIO MO
I10J1 KallOTOM BEHTWJISITOPA;
2.
B....com - IOCTOSTHHAS KallOTa BEHTWIATOPA, M,
A(an.sehm.

B, = s
Kan.eemm . (1_ a )

Kan.eeHm .

2.
Amn_eeHm. - OKBUBAJICHTHAA IUJIOINAJAb 3BYKOIIOTJIOIICHUSA, M ,

Akan.genm.. - amn.eel—tm. SKan.eeum.oﬁm ’

a, - cpeHui K03(h(pUIIMEHT 3BYKONOTTIONUIEHUS 10| KallOTOM BEHTUIIATOPA;

Kan.eenm

S - IUIOIIAJ(b OTPaXKJACHUN KamoTa BEHTWJIATOPA, Yepe3 KOTOpBIE IMPOHUKAET

Kan.eeHm .

3BYK, Mz;
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34 ,,, - 3ByKOM3OJISLMS PadaTopa CUCTEMbI OXJIaKICHHS, 1b;

S pao, ~ TUIOIIAZIb paiaTOpPA, MZ;
B,..0. - IOCTOSIHHAS KaloTa JBUTaTelIs, M2
Bunoe = % Anos - 3BYKOIIOITIOIICHHE KAIOTA JABUIaTeIs, M7,
(1_ X can.os. )
34,,, - 3ByKOU30ISHS IIEPErOPOJIKHU, YEPE3 KOTOPYIO 3BYK NPOHUKAET B KAOUHY OT
nsurarens, 1b;
S,,, - IUIOIAAb TEPErOpOAKH MEXAy KaOMHOW M MOTOPHBIM OTCEKOM, 4Yepes3

nep.
2.
KOTOPYIO POHUKAET 3BYK B KaOMHY OT JBUTATENS, M*;
S - IJIOMIAAbh OTPAXKICHHUM KaroTa ABUTATeNs, Yepe3 KOTOphIe MPOHUKAET 3BYK,

Kan.os.

M
A.s - dopmymy (1).
I_HYM ABUI'aTCIIA, HpOHI/IKaI-OH_[I/Iﬁ Ha pa6oqee MECTO qepe3 T10J1 Ka6I/IHbI

HEIOCPEICTBEHHO, omnpeeseH no gopmye [3]:
k k
J Z Sl‘l()fli Z Sm},‘q (3)

LK 6

06.non

+10lg S -10lg = +10 Igi:lT +1,05

k
-0,131 -
Kan.oe. . ! noi Kao.
>'s,,, ‘10

i=1

rae S, - IUIONIAJh CEYCHMs KaHaja, 110 KOTOPOMY 3BYK OT JIBHTaTelNsi IPOXOAUT

Xranos. . W ano
:LWO8+1OIQ{ % 4 5 2

Kan.0e.oou. Kan.os.

IIOJI TI0JIOM KaOHWHEL, MZ;
S - IJIOLIA/Ib 1-TO DJIEMEHTA MOoJIa CO 3BYKOM3OsIue 34 4yepe3 KOTOphIe

no noix 2

2.
3BYK IIPOHUKACT B Ka6I/IHy, M,
K - 49McII0 2J1IEMEHTOB C paBJ’IH‘IHofI BEJIMUYMHOM 3BYKOU3O0JIAINUH,

Lwag' 3ByKOBa$[ MOIIHOCTB, I/I3J'IyqaeMa$[ JABUT'aTCIIEM, )]B,
ZKLJH.()G’ SKan.()g.oﬁm ' \Pmn.m;. ' BKan.()e.’ Skah'.r)e. - CM. (I)OpMyHy (2)’
a A; - hopmymy (1).

2. IIporpamma

2.1 Onucanue NporpaMmsl

IIporpamma mpenHa3zHaueHa Uil aBTOMAaTHYECKOTO pacyera IIyma, MPOHUKAIOLIEro
OTJIeIbHBIMU KaHaJlaMU B KaOMHY JJIsl BCEX OKTAaBHBIX MOJIOC YacTOT. Bece maHHbIe 3aHOCATCS
B TabnuIly, 1100 B KOHKPETHOM (hopMyIie MpU HABEJACHUHU HA MEPEMEHHYIO Kypcopa MBIIIKH.
[Tocne moaTBepkIeHHUS BBOJA MPOUCXOMWT TPOBEpKa IMOMANaHWs MAHHBIX B YKa3aHHBIN
nuarnaszoH. Ecnu ams tekymieit popmyiibl Bce AaHHbIE ObUIM BBEJCHBI B HY)KHOM JHAara3oHe,
BBICUMTHIBACTCS PE3YNIbTAT, KOTOPHI 3aHOCUTCS B KOHEUHYrO Tabmuiy. Korma Bce maHHBIE
BBEJICHbI, TA0JMUIAa TMOJIydYaeTcsl 3alOJIHEHHOM, MO KOTOPOW MOXKHO YBHUAETh KOHEUHBIN
pe3ynbTaT. X MOXXHO cOXpaHMThb B (Daiiy, KOTOPBIA JIETKO OTKPHITH B OJoKHOTE. B Hem
coJiepKaTcsl MCXOIHbIE JaHHBIE, a TakXke TaOnuua ¢ pe3yiabTaraMu, 4ToObl HE 3aIyCKaTh
nporpaMMy Ui TIPOCMOTpa pe3yJbTaTOB MHOTOKpaTHO. Jlns W3MEHEeHWs JaHHBIX,
CYIIECTBYET BO3MOXXHOCTb H3MEHHTh MX B OJOKHOTE, M, 3alyCTHB MpPOrpamMMy 3aHOBO,
MOJTYYHUTh HOBBII pE3yJbTar.

[Iporpamma Hamucana Ha si3pike C++ B cpene paspaborke DevCpp v4.9. Bechb
uHTepderic, 000J04Ka MPOTrpaMMbl W aJNTOPUTM 00pabOTKAa MaHHBIX OBUIM HAHCAHBI
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BPY4YHYI0O 0€3 HCIIOJIb30BAHUSA KaKUX-JIHMOO BCTPOEHHBIX OOpabOTYMKOB M CTaHAAPTHBIX
00BvexToB Windows.

2.2 Biok cxemMa porpaMmbl

Havano

3arpyska uHTepodeiica u
3HAYeHW NO YMONYaHUIO

.

OcHoBHoOW UnKn BbI60pKVI CUCTEMHDbIX

é Ny

CO06LWEHNIA NpOrpaMmmbl

BBog, AaHHbIX /L

BbiaeneHue
OLWMBOYHBIX AaHHbIX

Het J

B npeagenax

OManasoHa?

HeT

Bce nu peHHble
nosy4eHbl?

BbiBOA, pe3ynbTaToB

Y

CoxpaHuTtb

CoxpaHeHme AaHHbIX

KoHeL,



Tpuwuna C. 1O., Kypyes I'. M., [lymeues A. /1.
Hcnonvzosanue npozpammnozo npodykma 0Jis 8bINOIHEHUsL PACYEmd 0HCUOAeMOl UYMHOCIU

2.3. [Ipumep pacyeTa ¢ MOMONUILIO MPOTrPAMMBI

bt npousBenieH nmpoOHBIM pacyeT AJis IymMa BbIMYCKa, IPOHUKAIONIEro Ha pabouee
MECTO OIepaTopa uepe3 MaHelld OTPaKICHUN KaOWHBI, ¢ yu4eTOM MU(PAKIIMOHHBIX SBICHUH,
3a UCKJIIOYCHHEM IEPEeropoaKd MEKIy MOTOPHBIM OTCEKOM M KaOMHOM M I0Jia HAa OKTaBHOMN

rostoce yactot 1000 I'm.

Ha puc. 2 npuBenen mpumep BBOJA JaHHBIX B MpPOrpamMmy, a Ha pUC. 3 BBIBOJ
JTAHHBIX B UTOTOBYIO Ta0JIHIly, KOTOpast OTOOpa)xkaeT pacyeT ypOBHEW 3BYKOBOTO JIABJICHUS OT

HNCTOYHHMKA U3JIYYCHHU BBIITYCKA U YEPE3 OCHOBHBIC KaHAJIbl IPOHUKHOBCHUA IITyMa.

T BXA (38yKoM30AAUMS Ka6KHBI) T - la_l@_ﬂ
OkTaBHaA 110J10Ca YacTOT: L 1000 | Tabania | Hecoxpanenusie nanmsie® ki
Skaé.oﬁm, 3 Skan.meu‘r, 3"Kan.lseﬂr 3”}’31- t:f:gi.x 4 &Kan;m,
SKan.seHT. SKﬂﬂ-l AB. 3”!\‘3“-1.‘15. nHBunA 1 txaaneHT. &Ka& 0.5
Sl\'ﬂﬂ»‘lﬂ- Sno}l.i 1 3“:101(,1 ancac. Txan.i an, 065
SKaH. SPM- 3”Ka6.i 1.2 Bsbm 1 h.m Rscac.
Snep. Snp. 3“1161)‘ ﬁscac. O &3 Rr“«
X x2 11 X3 Sty | 1S x1
SKan_‘ua.oﬁm. Lu' THAP Lw BHIN 97.8 Lw BCac LW as Lw BEHT,
n
Kab — e - i=1Ska6. i
LBblH_LW BbIII ZOIgRBbIH 10lg _01(3“ _+tK36 )+
?:1510\6. i*10 ST
DA
{=1“Kao.
101:9 A +HHBblﬂ. ﬁBblH. x2+6' AB
Kab
Puc. 2. BBox n1aHHBIX
L BX/ (3sykoM30AALMA KABUHBI) v - [E=NE X

OKTaBHajA [10JI0CA YaCTOT: 63 125 250 500 1000 2000 4000 8000  Tabnwuia | Hecoxpanennsie nanmsie® |y
ng Lllfgzp. Lléilsn Llé%gc Lﬁfﬂep Lﬁs.énon L:L(If:x.snp, Lz%.ﬁkan. Lg:?w.nep. ng?mnon Llé?egT,Kan.
63 0 0 0 0 0 0 0 0 0 0 0
125 |0 0 0 0 0 0 0 0 0 0 0
250 |0 0 0 0 0 0 0 0 0 0 0
500 [0 0 0 0 0 0 0 0 0 0 0
1000 |0 0 91.3417 |0 0 0 0 0 0 0 0
2000 |0 0 0 0 0 0 0 0 0 0 0
4000 |0 0 0 0 0 0 0 0 0 0 0
8000 |0 0 0 0 0 0 0 0 0 0 0
L5300 0 0 0 0 0 0 0 0 0 0
Pl/lc. 3 . Ta6HI/IHa KOHCYHBIX JAHHBIX B OKTABHBIX ITOJOCAX 4aCTOT
BriBoa

JlanHasi mporpaMMa IO3BOJIAET PACcCUUTHIBATH YPOBHHM 3BYKOBOTO JIaBJIEHUS H
YPOBHU 3BYKa B OKTaBHBIX I[0JIOCAX YacTOT OT BCEX HCTOYHUKOB H3IIyUYEHHUS U Uepe3
OCHOBHBIE KaHaJIbl NPOHUKHOBEHUs 1myMa B kabuny CJIM. Tak e mporpamma Mpou3BOAMUT
pacder cyMMapHbIX YPOBHEW 3BYKOBOT'O JIaBJIEHUS U YPOBHEH 3ByKa, C TIOMOIIbIO KOTOPBIX

MOKHO ITPOU3BECCTH OPUCHTUPOBOYHYIO OLICHKY 3BYKOBOTO ITOJIA B KaOuHe.

40



NOISE Theory and Practice 41

Cnucok Jureparypbl

1. banumanckas JI. I'., Ipo3gosa JI. @., Usanos H. U. u ap. Texuuueckas akycTuka
TpaHcnopTHhIX MammH: CripaBounuk. — CI16.: [Tomurexnuka, 1992. — 365c.: uin.

2.TOCT 19.701-90 “Cxembl aropuTMOB IPOrpamm, JaHHBIX U CUCTEM .

3. amypun A. E. CHIKeHre BHYTPEHHETO IITyMa 3BYKOU30JUPYIOIIMMHU KaOUHAMH
(Ha mpuMepe CTPOUTENbHO-AOPOXKHOW TeXHHKH): Jluccepranus Ha COMCKAHUE Y4YEHOU
creredu K. T. H. — CII6.: BI'TY «kBOEHMEX» um. JI. ®@. Ycrunona, 2010.



NOISE Theory and Practice

OneHka pUCKa MOTEPH CJIyXa KaK MOBbINIEHHE MOPOT0B CJABIIIIUMOCTH

Tropun AILY, [Tapaxun }:[.B.2
. H.1.H, npod., PI'BOY BO «MxI'TY umenu M. T. Kanamnukoay, yn. Ctyaenueckas, 1. 7,
r. MbxeBck, Y amyprckas Pecriybnuka, PO
2 [Ipenonasarens, ®I'BOY BO «MxkI'TY umenu M.T. KanamnukoBay, yn. Ctynenueckas,
n. 7, r. bkeBck, Y nmyptckas Pecny6nuka, PD

AHHOTaUUA

OreHKa pHcKa MOTEpH ciayxa y paboumx mpodeccuii MoKeT OBITH OICHEHa KaK CHIDKEHHE MOPOTOB
CIIBIIIMMOCTH. MccnenoBanust, BEINOIHEHHbIE HA ABYX TPYINIAX HACEJICHHS, COOTBETCTBEHHO, TOABEPKECHHBIX U
HETOABEPIKCHHBIX IIIYyMOBOMY BO3ACIHCTBHIO, MO3BOJHIN CHOPMUPOBATE OCHOBHBIC MOJIOKEHHS IO OLICHKE
HOTEpH CiIyXa y pPa3HbIX Kareropuil jgrofeil. [Ipy 3TOM y4HTHIBAIOTCS IMOJ, BO3PACT M CTaX PabOTHI YeNIOBEKa.
Co;:[epn(aHI/le [[aHHOﬁ PYKOIIMCH YTOYHACT IpaBujla BEIYUCJICHUSA MMOBBIIICHUA MMOPOTroB CiIyXa B COOTBETCTBHUU C
MOJIOXKEHUAME MeXIyHapoaHoro crangapra «Determination of occupational noise exposure and estimation of
noise-induced hearing impairment». IToka3aHa B3aMMOCBSI3b POCCHHCKOTO PYKOBOJCTBA MO THTMEHUYECKOM
OLIEHKE YCJIOBHHM TpyJa C IOJIOKEHHSMH CTaHIapTa B IUIaHE BHIOOpA OCHOBHBIX KPUTEPHEB, YYAaCTBYIOIIUX B
BBIYUCJICHUAX.

KiroueBble cjIoBa: PUCK, MOBBIIICHHE [TOPOra CIBIIIMMOCTH, YPOBEHb 3ByKa, paboune mpodeccuu.

Risk assessment of hearing impairment as an increasing of hearing thresholds

Tyurin A.P.}, Parakhin D.V.2
! DSc in Engineering, Professor, Kalashnikov Izhevsk Technical University, Studencheskaya str., 7,
Izhevsk, Udmurt Republic, Russia
2 Senior lecturer, Kalashnikov Izhevsk Technical University, Studencheskaya str., 7, Izhevsk, Udmurt
Republic, Russia

Abstract

Risk assessment of hearing loss from working professions can be estimated as a reduction in the
hearing thresholds. Studies carried out on two groups of the population, respectively, subject to and not
susceptible to noise levels, allowed to form the basic statement on the assessment of hearing loss among different
categories of people. This takes into account sex, age and length of human work. The contents of this manuscript
clarifies the rules for calculating of increasing hearing thresholds in accordance with the international standard
«Determination of occupational noise exposure and estimation of noise-induced hearing impairmenty. The
interrelation of the Russian leadership on the hygienic assessment of working conditions with the statement of
the standard in terms of the choice of the main criteria involved in the calculations.

Key words: risk, increasing of hearing thresholds, sound level, occupations of workers.

1. ITocTraHOBKA 3a1a4u

IIpu pemeHun BOMPOCOB OXpaHbl Tpyda M oOecreyeHHMH 0e30MacHOCTH
KHU3HEACSITEIbHOCTH BAaXKHBIM SIBIISIETCS OLIEHKAa MpPO(EeCcCHOHANBHBIX PHCKOB Ha OCHOBE
CHeUHaTbHbIX METOIUK. PUCK, O0OYyCJOBJICHHBIH MOBBIIIEHHBIM IIIYMOBBIM BO3JIEHCTBHEM,
CBA3aH C HW3MEHEHHEM IIOpPOTOB CIBIIIMMOCTH pPa0OTHUKOB, HAaXOJAIIMXCA B 30HE
MOBBIIIEHHOIO LIYMOBOIO BO3AeHCTBUA. [IporHo3upoBaHue BO3ACUCTBUSA LIyMa HAa IOPOTH
CIIBIIIMMOCTH Y€JIOBEKa, KaK B YCIOBUSAX pa0dOThI, TAK U BHE €€ TaKXKE€ BeCbMa aKTyaJIbHO MPH
IIJIAHUPOBAHUU MEPOIPUATUH 110 YIYUIICHUIO YCIOBUM IPOU3BOACTBEHHOU CPEBL.

*E-mail: asd1978@mail.ru (Tropun A.I1.)
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[Topor caemmmmoctu, ab, CBSA3aHHBIA C Bo3pacToM W mymoMm, H’, y mronei,
MOJABEPKEHHBIX IIYMOBOMY BO3JIEHCTBHIO, MOXXHO BBIYUCIUTH C HCIOJIb30BAHUEM
CIIEAYIONIEH SMIUpHUEcKoi hopmyisl [1]:

, HN
H'=H+N - , 1b @
120
rae H — nopor cipimumoctu, Ab, CBSA3aHHBIN € BO3PACTOM;
N — JelCTBUTENBHOE WM IOTEHIHMAIbHOE 3HAYCHHE CIBHra II0pOTa,

00yCIIOBJIIEHHOE BO3/€HCTBUEM 1IyMa, 11b.
HN
Unen 120 HAYMHAET BHOCHUTH IONPABKH B PE3YJbTATHI MpH ycioBuu, uto H + N

ooiee uem 40 nb.

2. AHAIUTHYECKOe pelleHne

Hcnone3ys monoxenus, npeayiokeHnsie B [1, 2, 3], pemnM cienyomyo 3aaady
NPUMEHHUTEIBHO K HEKOTOpOW Mpodeccuu ¢ 3apaHee M3BECTHBIM (DaKTUYECKUM YPOBHEM
3ByKa Ha paboueM Mmecte. [l ucciaenoBaHusi IpUMeEM, 4TO Ha pabOYMX MeECTaxX TPYASTCS
JKEHIIMHEI.

Heo0OxonuMo BBIYMCINTE PUCK MOPaKEHHUS CIyXa MPU IIYMOBOM BO3JCHCTBUHM Ha
oprasel ciyxa pabodyero B Bo3pacte 45 JeT, KOTOpbIe HCHBITBIBAIOT Ha cebe BO3JeicTBHE
YPOBHS IlIyMa B CpeHeM Kaxablil neHb La.gn = 90 n1b B Teuenue 15 net (8 4/menn, 5 nueit B
Heneno, 50 Hepens/ron). B aToM citydae kiace ycIoBHI €ro TpyJaa XapaKTepHu3yITCs BTOPOI
CTENCHBIO BPEIHOCTH TpeThero kiacca. B cootBerctBum ¢ P 2.2.2006-05 [4] Bpemnbie
YCIIOBHS Tpy/Aa BTOPOW CTENEHHW MPHBOISAT K HAPYIICHUSM B COCTOSIHHM 37J0POBBS IO
KpaifHell Mepe uepe3 15 5ieT, cieoBaTeNbHO, CTaX B3AT UMEHHO HA 3TOM YPOBHE.

JIist OlIeHKM MOpaXkaromero BO3ACUCTBUs mIyma ucronbdyeM yactorsl 500, 1000,
2000, 3000, 4000 u 6000 I'. TloporoBslie cperHEBO3PACTHBIE MOPOTU CIBIMIMMOCTH Hqo mis
HACeJICHHsI, HE TMOJBEPKEHHOTO BO3JCHCTBUIO IIyMa, BBIYHCISIIOTCS B COOTBETCTBUH C [1]
(tabn. 1) m ganee ycpegHSIOTCS MO BceM dacToTaM. [IOCKONBKY MeTOAMKa Mpearoaraer
Tosibko yueT Bo3pacta B 30, 40, 50 u 60 net, TO ¢ UCHOJIB30BaHUEM I'paUUECKOro MeToaa
KaK HeJMHHEeWHOoH (puc. 1), Tak ¥ TMHEHHON MHTEPIONALNHU (B OTJACNBHBIX CIydasx) HaXOJIuM
3HAYEeHHS TOPOTOB CIBIIIUMOCTH, 1B, 1715 pabounx Bo3pacta 45 JIeT MPUMEHUTENBEHO K OIISM
(xBanTHIISIM) pacnpeaenenus B 0,9; 0,5; 0,1.



Twpun A.IL, lapaxun /.B.
Oyenka pucka nomepu ciyxa Kax nogbleHue nopo2os CabliUMOCmu

Tabauya 1. 3na4eHust TOPOTOB CIBIIIUMOCTH, B 1b

IToporu cnbimumMocTu, b
Bo3spacr, rogsl/ monm (KBaHTHIN)
Hacrora, I'n 30 20 45 50 60
09/05/01/09]05]01]09]05]|] 01 [09][05]01[09]05]01
MyXunHBI 6 |1 9 |52 11 41 4 |14 |-3] 6 |18
500 6 |1 9 |52 11 40 4 (142 7 |19
1000 7|11 (116|315 407 |21 | -1 )12 29
2000 -7 |2 |13|-5| 6 |19 | Heonpemensem | -2 | 12 | 29 | 3 | 20 | 42
3000 1| 21448 |23 0 |16 |37 | 7 |28 |55
4000 81316 |-5| 9|26 0 |18 |41 | 8 | 32 | 62
6000
KeHuael
500 6 |1 9 | 5|2 |11 |45| 3 125 | 4| 4 | 14 |-3| 6 |18
1000 6|1 9 | 5] 2 |11 |45| 3 125 | 4| 4 |14 |-2| 7 |19
2000 61|10 |53 |13 |41{43| 153 | -3 | 6 |18 |-1 |11 | 25
3000 7| 1|11 |-5| 4 |15 |-41| 6 178 | -3 | 8 | 21| 0|13 |30
4000 71|12 |6 |4 |17 |-48|62| 209 | -3 | 9 |25 |1 |16 |35
6000 8|2 |14| 6|6 |21 4188|259 |-2 |12 |31 | 2 |21 |45
MameHeHUne noporoe cAbIWMMOCTH C BO3pacTom OnAa
yactoTbl 4000 'y, Hy, Q=0,5
18
\ 16
il /
> 14
B /
o 12
s /
510 /
s 8
5 yd
E b /
2 4
g,
0
20 25 30 35 40 45 50 55 60 65
Bospacrt, rogpl

Puc.1. I3mMeHeHne MOporoB CIABIIINMOCTH ¢ Bo3pacToM i 9acToTsl 4000 ', Hg, Q = 0,5
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B T1abn. 2 orpaxensl 3HaueHUs CGHOPMUPOBAHHOTO TIOPOTOBOTO CIBUTA B
3aBHCUMOCTH OT CTaxka pabOThI sl pa3HBIX JI0JICH pacrpeeneHus padoTaroIero HaceIeHHUS.
Ha puc. 2 MerogoM HeNWMHEHHOW WHTEpHOJANMH (WM JTUHEHHOW B OTHEIBHBIX CIy4asx)
OTIpe/IeNIeHbI 3HAYCHUS TIOPOTOB CIBIIIMMOCTH, (OPMUPYIOIIUXCS MO BO3ACHCTBUEM IITyMa B
TEYEHHE TPYAOBOTO CTa)ka, JUIsl >KEHIIMH Bo3pacta 45 yer u craxa, paBHoro 15 iner,
OTpPaKCHHBIE B Ta0I. 2.

MsMeHEeHUE NOPOToE CABILMMOCTH NOA BAHAHUEM LUYMa AN1A
Yacrotel 4000w, Ny, Q=0,2
12
w 11
= 10
g 9
=}
E 8
g 7
g &
< 5
o 4
g 3
=
2
1
0
5 10 15 20 25 30 35 40
Cram paboTsl, roas

Puc. 2. I3meHeHne noporoB CABIIIMMOCTH NOJ BIUsSHUEM H1yMma Jutst yacToTsl 4000 I,
NQ, Q = 0,9

Ho g = [(-45)+(-45)+ (- 4,1); (-42)+(-48)+(-41)] _ 435 1B,
Ho gas = [3+3+4,3+66+6,2+8,8]:5’2 5, @

Ho sas = [125+12,5+153 217,8+ 20,9+259] _ 175 1B.
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Twpun A.IL, lapaxun /.B.
Oyenka pucka nomepu ciyxa KaxK nosvluleHue nopo2o8 CibluumMocmu

Tabauya 2. ChHopMHUpPOBAHHBIN TOPOTOBBIA CHIBHT, OOYCIOBJICHHBIM BO3JCHCTBHEM IIIyMa
ypoBHs La gh=90 nb

CdopmMupoBaHHBIN TOPOTOBBIN CABUT, 00YCIOBICHHBIN BO3ACHCTBHEM IITyMa,

b
YacrorTa, Bpewms Bo3aencTBus, rojibl
I 10 | 15 | 20 | 30 | 40
Ksantumm

09 |05 [01 [09 |05 [01 09 |05 |01 [09 [05 [0 [09 0501
500 o/ofo|fo]o]of[olo]o[O[O[]O|O|O|O
1000 o|o|o|o0o|O0O|]O0O]|]O|O|O|O|O|O|O|O|O
2000 0| 2|6 |13 7 |2|4|8|3|5]|9/|4|6/10
3000 4 | 8 |13|57(91|146| 7 |10|16| 8 |11 |18 | 9 |12|19
4000 7 |11]15| 8 |12 |167| 9 |13 |18 |10 |14 |19 |11|15|20
6000 3|7 |12|35|75| 13| 4|8 |14| 5|9 |15]|6 /10|15

Hanee, 3HaueHHs C(HOPMUPOBAHHOTO TOPOTOBOTO  CIABUTA, OOYCIOBIIEHHBIC
BO3JICUCTBUEM IIIyMa, BEIYUCIIAIOTCS IO (hOpMYyIIe:

0+0+1+5,7+8+35
Noga5 = 5 =3,0 2b,
0+0+3+91+12+75
No,5;15 = 6 =33 ab, (3)
Ng 146 = 0+0+7+14,6+16,7 +13=8,6 1B,
. 6

Torz[a pE3yibTaThl pacnpeACiICHUSA IMOPOTrOoB  CJIBIIIUMOCTH, 06YCJ'IOBJ'ICHHBIC
BO3pacTOM M IIYMOM JJId pa6OTHI/IKOB, MOABCPIKCHHBIX IIYMOBOMY B03)1€I\/JICTBI/IIO, HaxoaiaTCs
Kak

Hoo =Hoo.4s + No g5 =—4,35+3,0=-135 1b.
HS,S =Hgs4s + Nogs15 =52+53=10,5 1b. (4)
Hoa = Hox:a5 + No11s =17,5+8,6 = 26,1 1.

IlosicHeHne pe3ynabTaTOB BBIUMCICHMsI IPENCTaBICHO Ha puc. 3 B l'ayccoBbIX
KOOpJMHATaX C pa3IMYHbIMU BEIMYMHAMM pUCKa ociabieHus ciyxa. Koppektupys naHHbIe
[5], MOXXHO OTMETHTB, YTO CYIIECTBYET JOJsI PAOOTHUKOB, YXYIIICHHE CIyXa KOTOPBIX HE
MPOUCXOUT.
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POUBHIT C /1M CAYXaM, 76
5 10 50 %0 95

95 90 50 0 5
TIPOUBHIT € XUOUILM CAUXOM, 76 PUCKO

i —
Puc. 3. OHeHKa pucka npu BO3L[CI>’ICTBI/II/I IryMa Ha UCCIICAYEMYIO KaTCTOPUTO pa60THI/IKOB

1 — noporu caplmMUMocTH paOOTHUKOB, HE MTOJBEPKEHHBIX ITYMOBOMY BO3CHCTBHIO;
2 — OPOTH CJIBIIIMMOCTH paOOTHUKOB, MOJBEPKEHHBIX ITYMOBOMY BO3/ICHCTBHIO;
3 — 3Ha4YeHue N0 PaOOTHHUKOB, YXYIIICHHUS CIyXa KOTOPBIX HE MPOUCXOJTUT;

4 — 3nayenue casura nopora i 50 % paOOTHHUKOB;

5 — 3HaueHue casura nopora ais 10 % paOboTHHUKOB;

6 — cymiecTByoIlee MPEBHIIICHUE IITyMa Ha pabo4nx MecTax MyiIbTOBIIUKOB (7 AB);
X = 61,8 % — puck mopakxeHus BCIEICTBUE BO3PACTa U IIIyMa;

Y =44,1 % — pucKk CHIKEHUS CIyXa y paOOTHHKOB.

OrpaHnuMTenbHOE 3HAYEHHE MPHUHATO Ha YpoBHE 7 nb, Kak cpenHee 3HayYeHHE
NPEBBIILICHUs] HOPMATUBHOTO 3HAYEHHs YPOBHS 3BYKOBOTO JaBJIEHUS Ha paboO4yMX MecTax
UCCJIETyeMON KaTeropuu paOOTHUKOB. MOXHO 3aMETHUTbh, YTO NPU YBEJIUYEHUH IPOLEHTA
Jro/iel ¢ HapyIIEHUSIMH TOPOTrOB BOCHPUATHS (110 HIKHEH ocu abcuucc), HaunHas ¢ 72 %
MTOBBIIICHHS TIOPOTOB CIyXa HE MPOUCXOINT.

Pazuuna mexnay Toukamu X u Y cocrasnser 17,7 %. Orta BenMuuMHaA paBHA PUCKY
YXYIUIEHUs. CIyXa BCIEACTBUE BO3JCHCTBUSA IIymMa, HAOIIOAaeMOro Yy HCCIeqyeMon
KaTeropuu paboTHUKOB. To ecTh B TedeHue, Mo KpaitHed mepe, 15 ner pabotsl y 17,7 %
pabOTHUKOB MPOU30IIET CHIKEHNE TTOPOTOB CIBIIIMMOCTU Ha 7 1b.

Takum o00pa3oM, BBIYUCICHHS IIOKA3bIBAIOT, YTO KOJUYECTBO pPAOOTHUKOB C
OTpe/ieIeHHbIM 3HAUEHHEM PHCKa CHU)KEHMsSI cllyXa 0O0paTHO MPOMOPLHUOHAIBHO 3HAYCHUSIM
CIBUTA IIOPOTOB CIBIIIUMOCTH.
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