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Page 1.

MEANS OF DEFENSE FROM PRODUCTION NOISE.

A. S. Palashevskaya.

Page 2.

In pamphlet is determined the local and common/general/total
effect of noise on the humam organism, is given the concept of
*threshold of audibility"™, ®"pain threshald”, a logical-hygienic
boundary of auditory perceptions, and also are given the maximum
permissible norms of the peak values of noise for different

frequencies in production locations and design bureau.

Special attention is devoted to the description of
organizational, technical, health and hygiene measures ani means of

collective and individual protection, which lowver the harmful effect




i &

S = nilhes PAGE 2

of the different production noise sources on the human organism.

Pamphlet is intended for the wide circle of the technical

engineering vorkers of enterprises.

Page 3.

PREFACE.

The level of production noise is one of the most important

indices of the standard of production.

However, frequently to a reduction in the production noise in
number of the bramnches of the industry of proper attemtion it is not
given. Mechanical engineers insufficiently utilize in the
constructions of machines nev natural and artificial monsonorous
saterials, the noiseless energy sources and other means, which are
found in the order of contemporary sciemce and engineering. As a
result the mechanisas become theamselves the sources of the emergence
of the high-fregquency production noise which, acting on the organism

of wvorker, are caused occupational diseases.

To fight with production noise pay great attention many medical
institutions.
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In the institute of the hygiene of work amnd occupational
diseases of the Academy of medical sciences of the USSR, is carried
out composite research on the physical nature of production noise and
acoustic lawvs, wvhich explain the physiological and psychological
effect of noise on the human organism. Are reveal/detected and are
studied the basic reasons for the noise formation of separate
aggregate/units in production, is determined communication/connection
of the audio frequencies of the production spectrum with technical
reasons, are develop/processed measures for the elimination of the

reasons for sound formation and propagation of emission/radiation.

On the basis of the data of physiological investigations of the
safety of accustic perception, the institute produces the estimation
of effectiveness of the utilized in industry and newly
developed/processed attachments for the protection of the
organs/controls of audition, and also are estimated the results of the

execution of different technical and sanitation measures.

Large work on research on the physiology of auditory
organ/control fulfilled the blade of eye/ear, throat and nose, led by
Prof. V. I. Voyachek (military medical academy), which determined

role and the valua of the ccmmon/general/total auditory-perception




-~

poc = 7723%1 PAGE 4

function of organism, air and bone conductiom of auditory perception,
and also the role of diffuse ability and electrical phenomena,

occurring with sonic perception.
Page 4.

Works on fight with production noise are carried out also in the
scientific research institute in honor of Erisman, in the physical
institute of the AS USSR, the institutes of imdustrial safety
measures VTsSPcrs [Al1-Union Central Trade-Union Council]

and its branches.

In the Leningrad institute of industrial safety measures (LIOT)
are designed the instruments for level measurement of noise and its
analysis under production conditions, are developed effective
organizational and technical recomaendations regarding fight with
production noise, and also "time/temporary sanitary norms and rules

on the limitation of noise in production".

The acadeamy of architecture of the USSR and the acadamy of
sunicipal services solve the problem of the rational acoustics of the
special-purpose buildings, and also work on the projects >f the
reconstruction of habitable and industrial buildings for the

target/purpose of an increase in theam vibration- soundproofing.

i et ]
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Measures for noise abatement are develop/processed also by

different boards, organizations and enterprises. 1
But the separate branches of machine-building continue to pour

as before into production the flows of the mechanisms, which are

intense noise sources. 7

This position it is not possible to comsider normal.

The future of machine-puilding - these are the noiseless or ]

lov-noise mechanisms, which eliminate the harmful effect of noise on

man.
k
Page S. i
INTRODUCTION.
The disturbamnce/perturbation of the atmosphere in nature occurs
as a result of a change in its temperature, heating either the ;

coolings,, which is accompanied by the movement of the masses of air,

or as speaking, in the appearance of the wind. Depending cn the 3

amount of the perturbation impetus, of the masses of air cam be
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soundless and imperceptible, if the length of its wave is great, but
can be converted into the wind, the stormj, hurricane, cyclone with
electrical discharges and the unrollingseelings of thunder, with
rain or cloudbursts or the snow blizzards and other known to us

atmospheric phenomena.

The perception of these atmospheric changes is received by us
through sense organs. In particular clearly ve distinguish the
initial and final stages of separate phenomena, transitions from one

rhase to the next.

Sound transmission is connected also with formation/education in
the atmosphere of the air waves which transfer sound from its source

to the auditory organ/control of man - to eye/ear.

The soundss which exceed the loudness level of normal human
speech (shout, coamand/crew, collapse in mountains, waterfall, storm,
etc.), affect the central nervous system of man, causing the

appropriate conditioned reflex.

The noise of contemporary production generally considerably
exceeds the loudness level of human voice, and by separate
productions it exceeds even the boundaries of the physiological

abilities of the organ/control of audition, leading to its depletion,
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to regeneration and even ossification, but in certain cases for its

instantaneous destruction, i.e., for final hearing loss.

However, noise exerts harmful effect not only on the
organ/control of audition, but also on entire human organism. People,
vorking under conditions of large production moise, usually complain
to rapid fatigability, a headache, a reduction in the productivity,
an involuntary increase of the reject in work. Practice shows that
simultaneously with the advent of symptoms enumerated above occurs a
series of functiomal changes from the internal organ/controls of the
man: cardiovascular, digestive and other systems and the |
organ/controls, it would seem, not having direct/straight relation to 3

the organ/controls of audition. :

Page 6.

Is explained this by the destructive effect of production noise
on cerebral cortex - the central organ/control of nervous systen,
vhich is higher leader and the distributor of all functions of the

human organism.

This circumstance causes and especially emphasizes entire

importance and the seriousness of fight with production noise.
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PHYSICAL NATURE OF SOUND (NOISE).

The effect of perturbing force on solid, liquid or gaseous
elastic body causes the mechanical oscillation/vibrations of
particles within its substance. The fluctuations of particles in the
form of emission/radiation are transferred to the ambient air medium
and frequently are the reason for emergence and propagations in
free-air conditions of the elastic air waves, received by us as

sound.

This phenomenon to more easily present on any system of small
mass and large elasticity: tuning fork, the rule, stopped up into
jaws, to the stretched string, which under the effect of
jerk/impulse, shock or another perturbing force, as a result of its
elasticity long time continue to accomplish the so-called natural or

free oscillations.

Equal in magnitude perturbing forces are caused in the body of
the fluctuation of the determined force and frequency. With an

increase in the perturbing force, increases the intensity of

oscillations.
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Equal in magnitude perturbing forces are caused in the body of

the fluctuation of the determined force and frequency. With an

increase in the perturbing force, increases the intensity of

oscillations.

N An increase in the mass of substance or a decrease in the
elasticity of system reduces natural frequency and, on the contrary,
vith a decrease in the mass and an increase in the elasticity

frequency grow/rises.

The three-dimensional/space propagation of acoustic waves in the
atmosphere depends on the ratio of the size/dimensions of emitter to
vavelength. The emission/radiation of material fluctuatioas by the ]
source of small in comparison with the wavelength of sizesdimension 7

occurs in the form of spherical or spherical waves.

The oscillatory motions of the plate, stopped up into jaws and
given into action by free play to one side, create the directed air
vaves, exiting/vaste from its oscillating edge in the form of sector

or hemispheres. The sound of large intensity with the shortest

wavelength is healed by the narrow beam, called plane wave.
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Acoustic vave jis formed under conditions of the air medium with

pressure in one atmosphere.

In all cases air wave consists of two periodic layers: the
condensed uUnder effect of pressure, caused by oscillatory motion, and

¥ rarefied.

E & ; The graphically oscillatory motion of air wave is depicted in
the form of the sinusoid on which it is possible to determine the

basic physical parameters of wave (Fig. 1).

] The amplitud2 of oscillation is greatest of deviation from
quiesccent point. The amplitude of oscillation is measured in
millimeters and indicates the greatest increase of air pressure Ap,

of the emergent under action mechanical impulse.

Page 7.

Air pressure Ap is a difference between the actual pressure of

acoustic vave p and the atmospheric pressure p.

The unit of the measurement of sound pressure bar is equal

approximately to one millionth of atmospheric pressure or pressures

in 1 dynes on 1 ca2 of surface.
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Graphic sound pressure Ap is equal to amplitude a, and therefore

it they frequently call the amplitude of sound pressure.

Wavelength { - the distance between two symmetrically
arranged/located points of the adjacent acoustic waves, which made

one complete cycle.

Period T - time for which vas made one cosplete cycle of

oscillation/vibration.

Frequency of acoustic wave - a quantity of periods, which were

repeated for one second.

Unit of the measurement of frequency - hertz (Hz). Hertz is

equal to one oscillation/vibration per second.

The oscillations of the air wave, which are repeated per second
are not less than 16 and not more than 20,000 times, they transfer the
sound of the vibrating body, which recovers by the organ/control of
the audition of man. This range of the oscillations of air wave he is

called audio-frequency range, and air wave by acoustic wave.
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A quantity of oscillations determines the tone of sound.

If the reverberating body accomplishes not more than 100
oscillations per second, sound is obtained lowv (anechoic). With an
increase in the number of oscillations, the sound acquires higher

(vhistling) tone.

Intensity or sound intensity in the source of its
formation/education depends on the mass of the reverberating body and
spread/scope, which arose in it under the effect of shock or another

stimudating effort/force.

Intensity - concept physical, that gives estimation of sound
] intensity according to energy content which will bear the air or

acoustic wvave.

As the unit of intensity, measurement is accepted gquantity of
the ergs of energy, elapsing 1 s through 1 cm2 of the surface,
perpendicular to the direction of sound. Intemsity is measured in

erg/ca2/s, dyr/cm2 or in W/cm2.

e
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Fig. 1. formation of oscillatory motiom and its parameters. a is
amplitude of the oscillation of acoustic wvave, Ap - the amplitude of

sound pressure, T - the period of oscillation, 1 - wvavelength.

Page 8.

Theoretically the motion of acoustic wvave is infinmita, but
practical its energy is expend/consumed on the overcoming of the
internal friction of particles and air resistance, to acoustic
radiation it is converted into heat. With the removal/distance of

acoustic vave from sound sources, increases its acoustic field, but
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simultaneously decreases its energy.

The intensity of acoustic waye decreases inversely proportional
to the square of distance from source, i.e., with an increase in the
distance double, triple, four times sound intensity decreases

respectively four, nine, sixteen times.

With very short waves sound, possessing the highest 2nergy, it
is spread by the almost nondivergent sonic ray/beam, retaining energy
in the center of beam. Por this reason high sounds are well audible
only against emitter, on the side from emitter their audibility is

insigmificant.

The length of acoustic wave is a value that depends on
frequency. Than is more frequency, those is shorter wavelength. With
the smallest number of oscillations, the dength of air wave has

pmaximum value (Table 1).

Therefore high-frequencys sound they are called short-wave, and

low-frequencys sound - long-wave.

Sound is spread through all bodies - solid, liquid or gaseous,

but at different rate.

i
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The velocity of propagatiom of acoustic wave or the vibrational
speed of the particle motion of this medium is called the speed of
sound v. It depends on the module/modulus of elasticity and density

of medium c and does not depend on intepsity or frequency sound

source.

Por each this medium (by gaseous, liquid or solid) under
identical conditions the speed of sound is constant value. The
velocity of propagation of acoustic wave in the different media with

t = 0°C is represented in Table 2.

The vibrational speed of movement of the particles of air or

another gaseous or liquid medium is measured in meters per second.

During a change in the atmospheric pressure, the speed of sound
does not change, since simultaneously and proportionally is changed

the density of the mediunm.

#ith an incresase in the temperature, the speed of sound
increases, since air density decreases and the speed of the motion of

its particles grow/rises.

e
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Table 1.

() Yacrora 50 | 100 | 200 | 300 | 500 | 1000 | 2000 3ooo|5000 10000
B 24
@nma Box- | 680 | 340 | 170 | 113 | 68 | 34 | 17 | 11.3]| 6,8 | 3.4
HH (£=20°C)
B CM

Key: (1). Prequency in Hz. (2). Wavelength (t = 20°C) in cnm.

Page 9.

The product of the density of mediuma c by the speed of

propagation of sound v calls the specific acoustical resistance of

the medium.

The unit of the measurement of the specific acoustical
resistance of accoustic oher is expressed in g/cm2/s. In Table 3 shown

acoustical resistance of the different sedia.

Specific acoustic resistance as index of density determines the

sound-insulating properties of materials.

Noise and some of its laws.
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Sound (or the sounds, formed by the periodic simusoijal
oscillations of the reverberating regular body, for example tuning
fork) is received by eye/ear as idle timse or the so-called musical

sound, the tone.

Pitch of tone is determined by the frequency of sound.

Table 2.
B)
C:)\ela nnozr ;:.O:QT o S::ap:eii:&;ﬂe éa&r:(p‘;ov
()Bozzyx 0,001205 332 g
W\npecuan BO1a 1,0 1430 {
(DPeauna 0,92 54 3
&’\\Boi’mox B HECXKAaTOM BHIe 0,6 530
($)Mposka 0,24 500
(Mecox 1.6 2000
\\V\Kupnuq 1.8 3600
(\\Fpanut 2,7 3900
\(*Cauren 11,3 1322 ;
\\‘)Cranb 7.8 5000 '
Q\mrexao 3.0 5200

Key: (1). Medium. (2). Demsity c g/cm2. (3). Speed of propagation of
sound v m/s. (8). Air. (5). Presh water. (6). Rubber. (7). Felt in
uncompressed fors. (8). Plug. (9). Samd. (10). Brick. (11). Granite.

(12) « Lead. (13). Steel. (14). Glass.

@ —— —— .t
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- Table 3.
’.
i' . W g ' (
A \ Conporusaenue G Conpom%di’e’uue
E Cpena B aKyCTHYECKHX Cpena B aKyCTHYECKHX
omax omax
( #Boaayx 43 Yiposxa 120 000
(% Bonopon 11 | Peanna 5000
{}- (\\Bona 150 000 8| Boitiok B Hecwka- 32000
(@)Crekao 1200 000 TOM BH e
: (1)Craan 3g0000  JIKupnns 647000
v “Necox 320 000
. ] #
d Key: (1) . Medium. (2). Resistance in acoustic obhas. (3). Air. (4).
1 Plug. (5). Hydrogen. (6). Rubber. (7). Water. (8). Pelt in
uncompressed form. (9). Glass. (10). Brick. (11). Steel. (12). sand.
?

Page 10. I

The which surround us reverberating real object/subjects
accomplish complex oscillations. Por example, in strimg or plate with
shock, besides basic oscillation in the place of application of force
on the adjacent and more removed sections also arise waves, but the
more high frequency which are superimposed on basic oscillations,

they interact with then.

The fundamental tone is always accompanied by a series of other
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Pure/clean sound to obtain is very difficult.

If frequenciss of overtones are multiple to fundamental
frequency, then such overtones call musical or harmonic tones. They
paint complex tone and they give to it the so~called "velvety"

timbre.

during the complex oscillations of bodies, appear also many
nonharmonic, not multiple to the fundamental tone, overtones. If they
considerably differ in height/altitude froa the fundamental tone,

then sound acquires sharp "metallic" timbre.

The irregular coabipnation of the complex tones, which
simultaneously proceed from vorking instruments, the colliding metal,

machine tools or mechanisms, he is called production noise.

In physical concept production noise is the complex tone,
consisting of the large number of sounds of simple tomes and
overtones of different height/altitude, force and direction. Between
their parameters - by frequency, by the amplitude of sound pressure,
by intensity - there is no any coamaunication/connection, but all the

oscillations as a whole bear irregular and unstable character.

[ O
B it -
g g, : .
L e 2 = R o e
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Contemporary production consists of a wvhole series of the
complex processes, fulfilled with the aid of machine tools, machines
and other mechanisms vhose work is accompanied by the intense

production noise.
For reasons for emergence, they distinguish:

a) the impact noise, vhich appears during the execution of
impact technological processes (in forging, forging, the
straightening of metallic sheets, tinsmithing works, riveting, the
work of knockout machime tools, weaving and shoe machines, of

tumbling barrels, etc.);

b) the mechanical noise, which appears as a result of friction
of node/units and parts of mechanisms at idle and working course (in
catching of toothed wheelss, in the work of cam/catch/jaws, valves,
crank gears, etc.), and also with the malfunctions of mechanisms, as
a result of eccentricity, intermnal slants, the 1inaccuracies of
assembly or wear of parts (here enter cutting forces, torsional

oscillations, the clank of metallic parts, materials and articles) ;

c) the aerodynamic or hydraulic noise, vhich appears at high
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v speeds of the flow of air or liquid, with abrupt changes in the

; { direction (flow about the blade/vanes, on edges, with rotations or

% the overcoming of any obstructions), during pressure chanje (during
v compression, expansion, with explosive-formation/education, during a
? change in temperature, etc.).

¢ Page 11,

Apy noise or complex sound can be decomposed and presented
graphically in the form of its component simple sounds with the

\ indication of fregquency and intensities of each of then.

The graphic representation of the composition of production

noise he is called noise spectrua.

Noise spectrum makes it possible to judge the character of sound
source and its frequency composition, to determine the most harmful
sounds and their localization helps to solve the guestion concerning

the measures of fight.

Any noise has its, characteristic for it spectrum. The noise
spectrum of forging shop will differ from the noise of machine shop,

and the noise of compressor differ from noise and smithy and machine

shop.
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I The acoustic waves, which proceed from different sources, but

S A

o

unidirectional and which coincide in their phases, they are

sumnmarized; having accurately opposite direction, with identical

intensity and the amplitude vhen the apex/vertex of sinusoid
coincides with the deepening of another phase, they are liquidated;

those who are converging at am angle or not cophasal affect each

oty

. other, they store/added up partially, as algebraically, and "mask"
common/general/total background noise. This phenomenon he is called

interference (FPig. 2).

common/general/total noise level for many sources only

insignificantly differs from the highest its components, but

sometimes it is less them precisely on the strength of the resultant

action of interference.

With two the noise sources of the equal to intensity,

common/general/total noise level increases (Table 4).

Total noise levels from identical sources at the equidistant

from them point are given in Table S.

With removal/distance from sources, the noise is
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attenuvate/veakened.

When, in the large location, several idemtical sources of noise

are present, near each of them, predominates its inherent noise.

"

Tt AN
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¥ Fig. 2. Interference of sound (algebraic addition). A, B —curved of
1 é sound vibrations, C-the resulting curve.
E
!
E 2
E | Table 4.
¥ 07
" Paaunua B 96 IO 1125 4|6 8|10|12|16|20
; (3] (%) \ !
{ Ilo6aska x ypos- IMpaKTHueCKH MOWHO He mpu- | 3By !
s HI0 OQHOTrO HCTOY- HHMaTb BO BHHMaHHe MaCKH- {
,‘ HHKa B 00 312,5(2,0l 1,5 1,010,705} 031} 0,1 |pyerca {
| |
|
i Key: (1). Difference in dB. (2). Addition to the level of one source i
in dB. (3). Virtually it is possible not to take into consideration. é
(4). Sound is masked. }
!
Page 12. !

Acoustic waves, as light, can be scattered in the environment.

i




1'.

o b

'

DOC = 7723&01 PAGE 30— o 5

The acoustic waves, which appear indoor, which has four walls,
ceiling and sex/floor, achieving the enclosing construction, they can
be reflected from its surface partially or completely (Fig. 3), to be
refracted during transition of one medium to amother, to be absorbed
by the nevw medium or to penetrate through it, amd also to affect the
elastic system as mechanical impulse, to transfer by it its energy -
to be for it perturbing force and to become the reasom for the

emergence of new mechanical or acoustic elastic Vaves (Fig. 4).

Encountering in way barrier/obstacle, acoustic wvave is reflected
at an angle, equal to the angle of its incidence/drop and which lies
at one with it plane. Sonic ray/beams after the first reflection are
distributed on entire location, them they are reflected again, they
are accunmulated in the point, symmetrical with respect to starting
point, they are reflected again and so many times until sound
consumes entire its energy and will not go out slowly after the

multiple repetition of its way., The continuation of sounding after

the cessation of sounding he is called reverberation.
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Table 5.

)
‘ln%noucwquuxoa ll 2'3 4‘5’6‘8'10120'30 40 | 100
(@) ‘ '
Ho6aska kyposww oan-| 0 3 | 5|16 |7 |8 |9 ]10]|13|15(16]20
HOrO MCTOYHMKA B 00 :

Key: (1). Number of sources. (2). Addition to the level of one source
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Fige. 3. Circuit of reflection, absorption and passages of the sound

through the obstruction.

Key: (1). Reflected energy. (2). Incident energy. (3). Absorbed

energy. (4). Come energy.




DOC = 7723&01 PAGE —33";\-’!

Page 13.

The greater the intensity and is above the frequency of acoustic
vave, the greater time of its fading. Reflection coefficient
characterizes the conservation of energy of sound. The duration of
time during which (after the cessation of the sounding of source) the
energy of sound dascends to threshold of audibility, he is called

reverberation tinme.

The lesser the size/dimensions of location, the greater number
of reflections and, consequently, also absorpticns occurs in time

unit, the faster attenuates noise.

Maximum sound absorption occurs at the medium freguencies
between 150 and 4800 Hz. With an increase in the frequency, the
absorption increases absolutely, but it decreases relatively. The

absorption coefficient characterizes the energy loss of sound.

The structure of the material of emclosurey/protection is always
capable of resisting energy of acoustic wave (large either numerous
pores, cracks, slots, opening/apertures or the low acoustical

resistance), and acoustic vave passes through it.
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During transition of one medium to another (for example, from
metal into air, from air into liquid) occurs refraction or the
refraction of acoustic vave. In this case, the sines of the angles of
incidence and refraction are related between theaselves as speeds of

sound in the appropriate media.

To the passage of the sound through any medium, just as on the

reflection of sound, is spent the part of sound energy.

The coefficient of sound conduction indicates, what part of

sound energy is transferred through enclosure/protection.

The sum of the coefficients of sound reflection, sound

absorption and sound conduction is equal to unit.

If acoustic wave encounters in its vay vindow, ventilation unit,
opening/aperture, then, in passing by through it, it becomes source
for the formation/education of the new sound wave. If obstruction
(screen), met in the way of the propagation of acoustic wave, has
ssall sizes/dimensions, then acoustic vave flows about the it. If
obstruction large of size/dimensions, then is acoustic wave, flowing

it, it can be divided into two hose/pipes which subsequently they can

e

e e
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14 merge, after leaving for screen the area of silence or sound shadow.
“ 2
L E 4 The higher the intensity of acoustic wave or the lesser the

: obstruction, the shorter there will be the sound shadow. This

phenomenon he is called diffraction.

. Sounl is spread not only in air. the more intense way of sound

N propagation is a transmission of the oscillations, caused by the

; ' vibration of the reverberating body, by percussion devices, by
valking, transport, in the form of the material or solid sound,
spread through partition/baffles and overlaps (Fig. 8), especially

) during incorrect arrangement/permutation of equipment (Fig. 5), and
also the penetration of sounds into building from the side (Fig. 6).
Such sound transmissions they occur the more completely than the

i tight connection of the parts of the copstruction and than nearer

among themselves the value of the acoustical resistance of the

conjugated /combined materials.
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Pig. 4. Propagation and the penetration of somnic ray/beam and

vibration through partition/baffles and overlaps.

Key: (1) . background. (2). Oscillating wall. (3). Adjacent room.

kg/nZ.

(4) .
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Page 14.
PHYSIOLOGICAL EFPECT OF INDUSTRIAL NOISE ON THE HUMAN DRGANISHM.

The auditory function of organisam is the fuaction of complex. It
consists of the basic organ/control of auditiom and which amplify
sonic perception perceptions through bome and the skin int egument of

body.

In the structure of the basic organ/control of the parception of

sound - eye/ear - are distinguished three principal parts:

a) extrinsic eyesear (Fig. 7) consisting of the pinna and the

external auditory passage, vhich is finished with the eardrun:

b) the middle ear (Fig. 8) with the grafted to the eardrum three
nuclei, which transmit its oscillations to the inner ear, by hammer,

by anvil and stirrup and with the short tube, called the 2ustachian
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tube, which connects the internal cavity of the eardruam with upper
part the svallows (closed in its lower part eustachian tube is opened
slightly with ingestion, as a result of which entering into it in
this case air equalizes air pressure vwithin the middle ear with

ambient pressure);

c) the inner ear or labyrinth, that comnsists of three
semicircular canals and the smail/cochlea. Labyrinth is wholly filled
by liquid/fluid (endolymph). Smail/cochlea is divided by "basic

diaphragm/membrane® to two *floor"“.

Page 15

Diaphraga/membrane consists of several thousands of nerve fibers of
differeat length and thickness, collected in the form of the
peculiar, gradually increased keyboard whose each key (receptor) is

tuned to its peculiar singular to them received sound.

The eardrum, possessing elasticity, it acts as pressure unit of

acoustic vave.
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Pig. 5. Sound propagation on building during incorrect

arrangement/permut ation of equipment.

Key: (1) . Fan. (2). Lift. (3). Noise. (4). heating. (5). Motor.

Page 16.

The acoustic waves, caught by extrinsic eyes/ear, cause the
oscillations of the eardrum and connected with it auditory nuclei,
vhich lean on the most sensible diaphragm cf oval fenestra in the
inner ear, which lies on liquid/fluid of labyrinth. Under oval
fenestra is located second circular fenestra also tightened by
diaphragm. When the diaphragm of oval fenestra is drawn in, the
diaphragm of circular fenestra is stuck out, allowing for
liguid/fluid of labyrinth, by that not yielding to compression, to

accomplish oscillations.

Auditory nuclei, transferring acoustic vaves, they modify them:
the amplitude of their oscillations is decreased, and force of
pressure is increased, wvhich contributes to reduction into the

fluctpation of liguid/fluid of snail/cochlea. Frequency in this case

resains invariable /unchanged.




poc = 77234802 PAGE & 1) i

4 Receptors, obtaining periodic momentunm/impulse/pulses, they
’,
£ A guide them on ceantripetal nerve fibers to the auditory ceanter of the %
2 cortex of major cerebral hemispheres for response reaction (vocal,
motor, etc.).
1
: 3
. [
é
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Fig. 6. Penetration of sounds into building from the side.

Page 17.

Acoustic vave (low frequency), besides extrinsic and middle ear,
can penetrate the inner ear to the smail/cochlea through the temporal

bone {(bone conduction).

The auditory perception, obtained on the basis of cochlear
reception, is amplified because of diffuse sonic reception
(vibration-tactile perception), that is the property of all living
cells, especially the cells of the surface integquments of organism,
vhich possess this property, although by unevenly distributed in the

different areas of skin integument.

Diffuse sonic receptor is the residual substance of the
perception of the auditory perceptions of the primary living organism
vhich, until now, has been preserved in man. From diffuse sonic
reception the momentum/impulse/pulses go over the filaments of spinal
cord to the visual mounds where they are contacted with cochlear ways

and amplify sonic perception.

Cochlear sonic receptor is more advanced, it obtains auditory
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perceptions by means of air and bone- cranmial conductivity.

The range of sensitivity of hearing aid is extremely great.
Eye/ear receives as sound of the oscillations whose frequencies cover
area from 16 to 22000 Hz in children and to 16000-18000 Hz in adult

people.

Fig. 7. Extrimnsic eye/ear. 1 - gravel of the pinna, 2 - extrinsic

% auditory passage, 3 - the eardrum, 4 - eustachian tube, 5 - the inner
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ear, 6 - the middle ear.

Page 18.

Frequency is received by man as pitch of tcne. The greater the

frequency, the higher the tone of audible sound.

Low bass sounds have frequencies from 30 tc 300-400 Hz,

averages/mean - from 400 to 800-1000 Hz, high - above 1000 Hz.

The capability of eye/ear for a comparative evaluation of two
simple sounds, not differing by height, is estaktlish/installed
already from 0.30/0 to 10/0 (1000 osc./s it is possible to differ

from 1003 osc./s or 100 osc./s from 101 osc./s for bass tones).

The components of industrial noise, which have the fregquencies,
which correspond to musical tones, are transferred by man

considerably more easily.

Acoustic wava in order to affect the auditcry organ/control,
must possess the determined intensity. The range of intensity of

acoustic vave, perceived by eye/ear, betveen its extreme values by

height is distinguished approximately into a million of millions
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2 once. This range he is called intensity level.
?. ; .
3
F Por a perception very lov on frequency (to 64 Hz) and high

{above 15000 Hz) sounds, i.e., extreme values on the threshold of

audibility range, intensity must reach almost 90 dB. With

¢ removal/distance from the outer limits of audibility range, the

L é sounds begin to be received at the lower value of intensity. Is most
: vwide the auditory sensation area of sounds approximately 1000 Hz in

frequency. At this frequency the sounds are audible at intensity fronm

0.1 to 103 dB.
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Fig. 8. More average/mean and imner ear. 1 - the eardrum, 2 - the
grafted to it nuclei (melleus), 3 are an anvil, 4. striving, 5.
semicircular canals, 6. otolith apparatusy, 7 and 8 - the nerves,

exiting/vaste from seamicircular canals and snail/cochlea to cerebral
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cortex, 9 - smail/cochlea.

Page 19.

Minimum sound intensity, vhich in state to perceive eye/ear, is

called threshold of audibility.

Threshold of audibility - phenomenon is subjective. It changes
many times depending on the state of the auditory function, age and

other factors.

Thus, for instance, threshold of audibility for a tone in 1000
Hz for a normal audition must have intenmsity, egqual to 0.001 bar or
0. 000001 atm., with light/lung deafness is necessary already
strengthening sound intensity to 0.1 bar, which corresponds to an
increase of sound pressure 100 times, but energy 10000 times, i.e.,

threshold of audibility in this case higher tham normal.

Threshold of audibility is determined with the aid of standard.
As standard is accepted the standard tome in 1000 Hz at the minimum

value of intemsity, which is compared with the zero level of

comparison.
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As the zero level of comparison, is coaditionally accepted
standard tone into 1000 Hz, equal in the units cf sound energy 10°9

erg/cm2/s or 10°t¢ §/cm2, and in unity of sound pressure 0.000204

g/s2/cm or 2.10°¢ bar.

The zero level of comparison lie/rests below the audibility
range of man and is starting point from which subsequently are

conducted all readings of acoustic values.
standard sound is‘fed to auditory orgam/control with a slow
K & increase in the intensity until in man appears the first perception

of audibility. Thus is establish/installed threshold of audibility.

the difference between the zero level of comparison and

threshold of audibility is measured in decibels and indicates the
degree of hearing loss. The lesser this value, the earlier will
appear the perception of the audibility, the acute/sharper the

audition.

The action of noise with an intemsity of 130 dB for man
completely sound/healthy, vith normal auditiom coincides with pain
threshold, a further increase in the intensity produces morbid
perceptions and can cause the sonic injury: the break of the eardrun,

the atrophy of audition, the state of depression, behind which hides
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itself the action on central nervous system, effect on the

involuntary musculature of body and the psychics of man.

In some people the full/total/complete absence of the perception
of sounds, or the upper boundary of the region of audibility,
lie/rests below pain threshold- This phenomenon is connected with the
premature ossification of the eardrum. Especially frequently this
phenomenon is observed in persoms, long time of those who were worked

under conditions of high-frequency noise.

—

I
(ﬂhe sound intensity level in range of audibility betwveen

threshold of audibility and pain threshold it is possible to measure
in W/cm2, in energy units - ergs (wvork, produced force into 1 dyne in
vay in t cm) or in the units of sournd pressure in bars (pressure with

force into 1 dyne on 1 cm2 of surface).
Page 20.

The sound intensity level or intensity level changes in geometric
progression and grow/rises by jumps from the zero level of comparison
1013 or 10,000000000000 times.

f b

@Qovevet. virtually manipulations with multiple-valued numerals

are inconvenient and, furthermore, completely they do not correspond
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to the physiological perception of sound vibrations, which would
hinder/hamper judgment about physical phemomenon from physiological
positions. This all the more correctly simce the audition within
audibility range catches an increase in the sound intensity,

differing from the preceding/previous perceptiom to 260/5.

The identical growth of volume is noted by the organ/control of
audition only in such a case, vhen sound intensity changes into the

identical number once, and not to some number of ones.

Por this reason for the measurement of the sound intensity or
its intensity level, is introduced the logarithmic scale, in which
each step/stage differs from preceding/previous and that which
follows 10 times. This relationship/ratio is named bel. B2l indicates
that in how often the unknown sound intensity I exceeds imitial value
Io. But since logaritha 10® = 1, logarithm 100(102) = 2 l>sgarithm :
10000Q0(10¢) = 6, this indicates that the first sound exceeds another
by 1; 2 or 6 bel. Therefore the graphic scale of decibels has equal
intervals and indicates that in how often, the measured value of

intensity is greater than the zero level of comparison.

In practice for the measurement of sound intensity, are accepted

smaller unit, decibel, equal to 0.1 bels.
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the calculation of intemsity level is comducted by the formulas
I
?:—'lgg bel or g = 10 19 I/I, dB,
vhere I is a sound intensity;
Io - a zero level of comparison.

The product of intensity or sound intensity by the number of
oscillations per second creates volume of sound. Volume - concept

physical t.

FOOTNOTE 1. The unit of the measurement of volume gro is conditional.
For initial value for it, is accepted the loudness level of sound 40
background, vhich approximately corresponds to the voluamz of whisper
at a distance 0.3 m. 1 gro corresponds to the introduced outside

boundary unit of the measureament of volume, i.e., sleep. ENDFOOTNOTE.

The perception of volume the organ/control of the audition of man is
characterized by from this concept, since to each frequen:cy

corresponds its amplitude of sound pressure. The amplitude of sound

pressure varies from 1 millionth of millimeter to 2 cm, and the
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absolute value of sound pressure from 10719 to 10”3 dyn/ca2? or from
2¢10°¢ to 3000 bar. The eardrum and those vho were graft=21 to it of
from within the nucleus middle ear under the influence on them of
acoustic vave are converted it, decreasing the wave amplitude and
increasing pressure. Lovw~pitcheds sound influence the perception of
high-pitcheds sound. Therefore under the simultaneous influence on
the eye/ear of several simple tones of different frequency and equal
to intensity audible sounds do not present the sum of the volumes of
these sounds, but is created qualitatively the nev value, which has

purely physiological value - loudness level.
Page 21.

Loudness level is the resulting quantity of the physiological

perception of the sounds of different volume.

The comparison of the loudness level of sound with the standard
sounds with a freguency of 1000 Hz makes it possible to
reveal/detect/expose equally loud sounds which can be depicted
qraphically.(éhe physiological equality of the perception of the

volume of different sounds is establishysinstalled only for audition.

For level measurement of volume is establish/installed

physiological unit bac'“ground, the corresponding to the uniform
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growth of volume and indicating, hov much measured volume is greater
than the zero level of comparison. Volume grow/rises ia thae

arithmetical progression.

The loudness level of the sound above threshold of audibility to

pain threshold subjectively grow/rises 130 times.

The loudness level of the simple tone can be defined and as

intensity, expressed in 4B above threshold of audibility for a givern

frequency.

The dependence between volume and imtensity in different areas

is expressed both the e: 1 (Table 6).

The range of intensity, received by the organ/control of the

audition of man, are placed into 13 bels or 130 dB.
On the given diagram (Fig. 9) are fplotted/applied th2 physical
and physiological quantities of sound or noise and equal loudness

contour, arrange/located within auditory sensation area.

In the different questions of applied acoustics thera is

practical interest in a comparatively narrov frequency band: in

speech speech we are encountered the sounds froam 50-5000 Hz, where
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600/0 of energy of human voice falls on area below 500 Hz, and about

850/0 of energy - to area to 1000 Hz.
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Key: (1). sound inteasity. (2). bel. (3). dB. (4). Ratio of

intensities. (5). threshold of audibility.

Page 22.

TE———

jl thﬁ range from 1000 to 4000 Hz, the eyes/ear functions in the best

vay.(?axinul sensitivity is arrange/located near 1000 Hz. Downward
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from 800 Hz and upvard froe 6000 Hz the sensitivity of audition
veakens, gradually disappearing with the approach to the boundary of

audibility range.

On threshold of audibility, the eye/ear capably of catching the
light/lung rustle of leaves, the flight of dixa midge, th2 beating of
pulse, i.e., the volume, approximately equal to one millionth of
atmospheric pressure, and the same eye/ear receives the noise of
vorking motor approximately into 5000 barfsS or the sound actillery

shot into 5 million bar.

Prequency variations with a of are less than 20 Hz, which
lie/rests below the boundary of audibility (subsonic oscillations) or
higher than the boundary of audibility (ultrasonic vibrations), they
emit sound which objectively exist, but by the organ/control of the
audition of man they are no longer received. éhe auditory
organ/control of man does not hear the sound of Galtoa's whistle,
wvhich has 35,000 osc./s, whereas the eyesear of dog, which has wider
auydipility range both in the area of low and in the range high
frequencies, it receives. In many insect and animals, th2 audibility
range is wider than in man, since for them the perception of
infrasounds or ultrasounds has biological value and it is prepared by

the centuries-old evolution of their organ/comatrol of audition.
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Direct effect’on the organ/control of the audition of man, both

infrasounds and the ultrasounds, it is detrimental.
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Fig. 9. Audibility range. I - pain threshold, II - the scale c¢f
decibels, I11 - the scale of volumes, IV - threshold of audibility,

- equal loudness contour, VI - the zero level of comparison, VII -

lovwer boundary of audibility, VIII - upper boundary of audibility.
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Key: (1) . Effect of pressure dyne/cm2. (2). Prequency. (3). sound

intensity in relative units.

Page 23.

According to the data of the French scientists, working in the
domain of definition of the degree of the physiological effect of
noise on the organism of man (" Medecine aeronautigque™, 1955, No 4,
pg-. 309-356), the noise of approximately 150 dB for man is not borne.
An increase in th2 intensity of the acoustic wave, directed toward
metallic plate, to 180 dB, causes fatigue of metals. The
ramjet/direct-flow air intensity waves with an of 190 dB cause the
static damages: warping sutures, the escape of rivets, the

destruction of metallic plate.

Thus, eye/ear plays the role of delicate apparatus, accurately
reacting to negligibly small changes in the parameters of acoustic
vave and which realizes a direct coupling of the human orjanism with

the external worli. At the basis of the work of hearing aid, lie/rest

the laws of acoustics.
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Is given below the table of the loudness levels, which are
encountered in the daily life which can serve for the approximate
determination of the loudness level of other noise sources as method

of comparison (Table 7).

The degree of the stimulating noise effect depends on many
reasons: the intensity of acoustic wave, frequency of oscillations,

duration and regularity of its action.

ﬁ 3 Table 7.

( / Wcrounuk wyma (°ﬁ:)(¥::g::}: a0
(S)Ulenor (Tuxuit) 10
h (M lenot CpeiHeif rpoMKOCTH 2
(5)Bueuue cepaua (y rpyaHOH KJIETKH) 15
; (&)B KBAapTHPE C TOACTHIMH CTEHAMH HOYbKO 15—20
1 (77 TuKauue HACTOAbHBIX 4ACOB HA paccTosuin 0,5 K 30
(%)B kBapTHpe aHeM (MPOHHKHOBEHHE BHEUIHErO LYMa) 32—50
(/)Paano (tuxas nepeiaua) [ 40
(J)1O6uunbit pasrosop 60—65
(/)Ulyy yupexaenus 65—70
(1) ¥ pomkuii pasrosop 70—75
(I Mumymas smawnnka 6e3 noaKaa1KH 70
L/L/)Humymau MaUIMHKA C NOAKTA1KOH BOHAOKA 60—62
(/h)Paano (rpomkas mepeiaua) 80
(/(n)lUlymoBo#i ¢oH B ropoie HOUbK 38—40
(J7)OxuBaeHHaRn yauua C TpamBaes 80—90
(%)B Barone Metpo 80—90
(I9Ha naarpopme metpo mpH Mpoxoae noesta 97
(SLMortoumka Ges raywmureas 102
(©J/)llym camoseta B 5 M OT BHHTa : 130 £
|
|
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Key: (1). Noise source. (2). Loudness level, dB. (3). Whisper (calm).
{(4). Whisper of average/mean volume. (5). Beating of heart (of
chest). (6). In apartment with thick walls at night. (7). Tick of
clocks at a distance 0.5 m. (8). In apartment daytime (penetration of
ambient noise). (9). Radios (calm transmission). (10). Usual
conversation. (11) . Noise of institution. (12). Loud conversation.
(13). Typewriter without block/backing. (14). Typewriter with the
block/backing of felt. {(15). Radios (loud transmission). (16). Noise
background in City at night. (17). Lively street with streetcar.
(18) . In the‘car of the metro. (19). On the platform of the metro
vith the passage of train. (20). Motorcycle without silencer. (21).

Noise of aircraft 5 m of screw/propeller.

Page 24.

(@he question concerning which of the indicated reasons is most
harmful,, until now, is not explained. It is knovn that tae
industrial noise acts on central nervous system and, consequently,
also not entire human organism. As a result of its action, changes
blood pressure, are disturbed the functions of heart, digestive
organ/controls, appears nausea, vertigo amd the whole series of other

phenomena in organism, the speakers about the damage of normal state

and calling supplementary energy consumption not for development and
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,V\ vital activity of organism, but for the overcoming of the harmful

‘v

effect of noise, on the self-defense of organisa.

B

<4

The high-fregjuency noises, i.e., such in composition of which
predominate the sounds of high frequency more harmful, rather than
low-frequency noises. Noise with an intensity of 120-130 1B causes a

3 loss of efficiency of work on 40-600/0, it retards the reaction of

C S Ut

man to sound signals, attenuate/weakens attention, it contributes to

an increase in the traumatism and occupational diseases.

Experiment shows that the tired eye/ear completely of sharpness
perception does not reduce. Each time remains the minimum dose of
"residual strain®, sharpness decreases hardly by noticeable doses,
and the time, necessary for the reduction of the normal functions of

auditory organ/control, once from time grow/rises.

The prolonged action of high noise on the organ/coatrols of man
is led to their regeneration, the appearance of a defective hearing, i

which converts to deafness.

The adverse effect of noise affects the workers already the

first year of work and begins from the blunting of the audibility of

I various frequencies (most frequently in the ramge of th= perception

of frequencies from 2048 to 4096 Hz) in the basic curl of
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snail/cochlea, ani then it is spread to upper curl - the place of the
application/appeniix of the effect of the waves, which go across the

bone and the body.

A reduction in the normal threshold of audibility to 4 years

comprises, i.e., 35 dB, to 6 years - 50 dB and to 8 years - 82 dB.

-
-

l_‘
\ﬁton the viewpoint of physiological, it is distinguished:

a) the local action of acoustic vave on the organ/control of the

audition of man, including on his vestibular part;

b) the effect common/general/total - on central nervpus systenm,

and through it anil on the more distant from eyesear organ/controls.

Acoustic wava can apply injury to auditory organ/control both

during air and during the bone passage of sound for snail/cochlea.

Injury can be acute/sharp, vhen damage in eye/ear occurs into
very short intervals of time, very frequently for fractions of a
second, as they speak "with lightning speed®, and also chronic under
the prolonged action of the industrial noise when damage is done
gradually and is detected after the irreversible regeneration of the

organ/control of audition and disorder of other functions of

organism.
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Acute/sharp injuries occur under the effect of the powerful
B aperiodic oscillations of the air medium, which traumatize the
N eardrum and the middle ear, or the periodic oscillations, which
4 ‘ possess large intensity and wvhich act on hearing aid for all its
extent/elongation, i.e., without depending on the selective

E sensitivity of snail/cochlea to different frequencies. é

The 1limit after which the sound or noise has their
invariable/unchanjed adverse effect on the human organism with the

phenomena of residual action, includes the ability of the

organ/control of audition for adaptation, i.e., for the perception of
the sounds, which exceed harmless. But it is necessary to keep in

mind that this ability of the Oorgan/control of audition is very

I linited and does not exceed 10 dB. Furthermore, it is necessary to

assume that the adaptation more concerns the conversion of sound

pressure, i.e., the volume of auditory perception, since hearing aid

to this conversion is adapted by nature.

——

[

(ahe state of the audition of man is deteramined with the aid of

the electro~acoustic instrument of audiometer (Fig. 10). Instrument

|
|
|
|
|
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consists of the generator, which gives sinusoidal stress, regulable
with respect to frequency, attenuator (divider/denominator), the exit
voltage, calibrated completely in dB, and telephone or dynamics,
calibrated completely by the special instrument, called''artificial

eye/ear".

To the eye/ear of that investigated through the telephone, feed
the sounds of different intensity, gradually it increasing, and,
after grasping the onset of audibility, they note readings. Then they
transfer/convert to the measurement of semsitivity in the range of

other frequencies according to the established/installed scale.

The obtained results of measurements depict on audiogram and on
a difference in the values establish the degree of deviation of
audition from norm.

k

(gbr obtaining the data on the state of audition with high
accuracy (to 2-3 dB) in the laboratory of LIOT is applied following

method.

Investigation is conéfcted in the special sound and
vibration- insulated roo--éinsttulents and investigator ara

arrange/located in adjacent room. Communication/connection with

tested is maintained by indicating lights. Sounding can be

T
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momentum/impulse/pulses on increasing or that which damps. The
compound of these conditions with vocal reinforcement (aczording to
the method of Prof. A. G. Ivanov- Ivanova-Smole's physiologo) makes
it possible to obtain a precise representation of the state of

audition.

The obtained results are checked by the perception >f the

intelligibility of speech.

The analysis of the state of audition with the aid of tuning
fork, pocket watches, speech less it is in a whisper accurately,
since it depends on many conditions which can lead to errors. (3re
applied they only when instruments and experimenter's is absent,

large experience.

The most accurate result can be obtained under laboratory
conditions or the special chambers after the repeated removal/taking
of readings. In such cases the audiogram is constructed according to

average data.

The quantitative estimation of hearing loss is deterained in

decibels.

|
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Fig. 10. Audiometry. 1 - audiometer, 2 - buzzer interrupter, 3 -

rheostat, 4 - neon tube/lamp, 5 -~ telephone.
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Page 26.

PRODUCTION CONDITIONS,

Noise level in production changes between separate shops between
very wide limits depending on the character of installed equipment,
its power, technology, time of connection/inclusion and disconnection
of aggregate/units; an increase in the velocity even of one of the
aggregate/units or a change in loading shop each time are led to a

change in the composition of noise.

Furthermore, one should remember that and within the shop of
noise at different points it can be different, since each source
forms its noise zone (Fig. 11 and 12). Measures for a reduction in

the noise are orianted precisely to isolated points.

The estimation of production conditions of work from the

vievpoint safety and of industrial sanitation technigue is produced

i
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on obtaining of the following data:

1'4

".“f tw

a) the determination of the intensity level of noise (in dB) in

0 o

shop and of separate aggregate/units;
. i
b) the determination of the loudness level of the noise (in

| fon) H

c) of the composition of the noise spectrum and

development/detection of its harmful components;

d) the establishment of localization of the components of noise

§
from sources. t
|
£
£

The graphic representation of the intensity level of the §
components of production noise is different: the spectrum can be
continuous, when in production noise enter components different
closely spaced friend and to the friend of frequencies, and discrete
(intermittent), that release from the overall zone of the noise of

the intensity of tone coamponents.

On one graph it is possible to compare several spectra. Along

the axis of abscissas, divided to octaves or bamnd, are set aside the

frequencies of the simple tones, while along the axis of ordinates -
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their amplitudes in relative values of noise intensity, directly

counted of f according to the scale of the output meter of the filter

or in the absolute values of noise levels with respect to the

i

geometric mean frequencies of the bands of analyzer or filter.

e il AN 1
- ok

Page 27.

The determination of noise spectrum somewhat is complicated in
the presence of periodic momentum/impulse/pulses, and also
low-frequency components (vibration), not recording by sonic
microphones, but having very large value during the determination of

noise source.

This noise can be reveal/detected only by capacitor ricrophone

with oscillograph.

Research on the spectra makes it possible to separate/liberate
its basic components from the secondary, to determine most harmful ]
and thereby to reveal/detect the reasons for their emergence, and

consequent ly, the way of a reduction in ncise and even

structural /design estimation of mechanism.
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Fige 11, Noise zone of tumbling barrel with electric motor.

: Key: (1). Sound intensity in dB. (2). Frequency in Hz.
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Fig. 12. Noise spectrum gasoline-engine saw.

Key: (1). Noise intensity in d0., (2). Frequency in Hz.

R R P R T ar e | g ey -




- G e —— " — ,m“

poC = 7723#03 PAGE 64

Page 28.

Table 8 gives the exemplary/approximate level of production

noise, measured in shops with the predominance of the noise of impact

character.

The noise spactrum of impact character (Fig. 13) is moved to the
left, to the side of low frequencies (from 1 to 2400 Hz). This is the
noise of large intensity and high loudness level.

The sounds of the low-frequency spectrum create the perception
of touch and pressure not only in eye/ear, but are felt also with
skin can lead in the forwvard direction of acoustic wave t> the

lightmning breakage of the eardrum - to hearing loss.

The

Table 9)

8192 Hz). The large part of the components is arrange/located to the

right in

Hz)» In the spectrum is noted the noise of all parts of the

mechanism, 1

production noise spectrum of machine shops (Fig. 14 and

is distributed over a wide range of frequencies (from 20 to

the range of average and high frequencies (from 200 to 5000
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Negligibly small deviations in the sjize/dimensions of the parts

Rk s P i

of machine tool or aggregate/unit are reflected in the composition of

noise.
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gy Table 8.
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Key: (1). Designation of shop or production. (2). Intemsity of noise

dB. (3). Forging. (4). Chopping department/separation of foundry

shop. (5). Blo¥w of hammer on steel plate/slab. (6). The tumbling
barrels of foundry shop. (7). Stamping. (8). Nailmaking. (9). file
cutters. (10). Riveting. (11). Knockout. (12). Boiler room. (13). i

copper smithy shop. (14). The tumbling barrel.
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Pig. 13. Noise spectrum of impact character. 1 - the assembly of
metal structures (stump of the welded joint by pneumatic chisel, 2 -

stamping room.

Key: (1)~ Sound intensity in dB. (2). Frequency in Hz.

Page 29.

For different flaw/defects during the manufacture of mechanisms, is
characteristic the determined noise: with the imaccurat=ly carried
out space of linking of gears, is noted the humming of variable
force, with the incorrect geometric form of profile of the tooth of
gears, is heard out the knock, which fluctuates noise it is the

consequence of eccentricity of gears, etc.

Loudness level is masked because ¢f low-pitcheds sound. In spite
cf the presence of high-frequency components the common/gesmeral/total
noise level in machine shops is 85~90 dB.

The intensity level of aerodynamic noise is given in Table 10.

In the composition of aerodynamic noise spectrum, enter the

noises of wide frequency band with the isolatiom/liberation of the
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separate sharp components of the large intensity and unpleasant tone,

vhich frequently reach pain threshold (Pig. 15 and 16).
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Fig. 14. Noise spectrum of machine shop.
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pelishing, 2 - turning.

16384

1 - drilling, stripping,

Key: (1) . Sound intensity in dB. (2). Freguency in Hz.

Table 9.
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Key: (1) . Machine tool. (2). Intensity of noise dB. (3). Strippinge.

(4)- Polishing.

tire").

(5). Turning.

(8)» Burnishing barrels.

(6) Braiding.
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Page 30.

In certain cases noise source can become the resonanze -
phenomenon of a marked increase in the amplitude of the oscillation

of the body, caused by the effect of external forces during the phase

coincidence of its own and external acoustic wavc.
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Table 10.
W @'\’poseub
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Key: {(1). Designation of shop or production. (2). Intemsity level of

(4) -

Compressor station. (6). Pneumatic rolling-out.

noise dB. (3). Turbocompressor halls.
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Fig. 15. Aerodynamic noise spectrum.

the blasting of the blades by airstream with a velocity

1 - welding set;

Fans are centrifugal.

(7). Boilar room

bench of

of of 140




pDoC = 1723,&03 PAGE -#T 70
n/S.

Key: (1) . Noise imtensity in dB. (2). Prequency in Hz.
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Fig. 16. Noise spectrum of centrifugal compressor. 1 - the

cabin/compartaent of testing, 2 - exhausta

Key: (1). Noise intensity to octaves im dB. (2). Geometric

frequency in Hz.
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Page 31.
INSTRUMENTS PROCEDURE OF THE MEASUREMENT OF PRODUCTION NOISE.

For the measurement of the quantitative value of the intensity
level or loudness level of production noise in shop or on work area,
and also the noise, created by separate aggregates/unit or another
primary source, to evaluate the effectiveness of measures or
determination of the conformity of actual loudness level permissible

is applied movable objective inspector audio-noise meter ShI-S3.

The audio-noise meter ShI-53, designed in the Leningrad
institute of the protection of labor (designer eng. Yu. M.
Il*'yashuk) , makes it possible to measure the loudness levels from 55
background and are above, the intensity level of noise from 55 to 140

dB and noise level from 3-2500 gro.

The appearance of audio-noise meter with the removed cap/cover

is given in Fig. 17.

Microphone 1 is built in into front panel 2, on which are
arrange/located the needle indicator of output/yield 3; the
knob/button of the comnection/inclusion of feeding; the knob/stick of
4 switches, which realize/accomplishes shift of the frequency

characteristics of audio-noise meter - switching the level through 20

dB and checking of the anode and filament voltage of lamps. On panel




e
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is located the seat/socket for calibrating the strengthening from the

g A VT

v
Eéf . grid/metwork of alternating current and the chrome-plated
é screw/propellers, which cover access to the splines of the control of

] filament voltage.

e
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Fige 17. Movable objective noise-survey meter ShI-53. 1 - microphone,
2 - front panel, 3 - the needle indicator of output/yield, 4 - the
selector knob of the frequency characteristics of audio-noise meter
(switching the level through 20 dB), 5 - the seat/socket of
calibration, 6 -~ jauging cord, 7 - conversion table from loudness

level to the scale of natural volume.

Page 32.

In the removable cover of cover, in special seat/sockets, are
packed the screwdriver and gauging cord 6 with plug and the

branching/fork in which is built in the divider/denominator. In

cap/cover is fastened table 7 for transition from loudness level to
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the scale of natural volume.

Wi The principle of the work of audio-noise meter, in general

terms, consists of following (Fig. 18).

Microphone converts sound vibrations into voltage. This voltage

enters the entrance of special amplifier. Amplifier consists of 4
cascade/stages on lamps 1B1P and 2P1P (miniature finger pentodes)

vith feeding from two small dry cells (battery from hearing aids). It

. has two frequency characteristics: plane, or limear, for the

measurement of sound intensity in all operating range of levels and

for level measurement of volume from 80 background is above and the ?Q
second, that corresponds to the sensitivity of human eye/ear on

loudness level 70 background.

Standard microphone of the type of MD-35 is built in into front

panel.

The needle indicator has a scale, calibrated completely within
limits 25 dB (from -5 to +20 dB). On section from 0 to +20 dB, the
scale is uniform. A change in the sensitivity is produced by the
jumps through 20 3B. Reading of audio-noise meter is determined by ]

the addition of readings of switch and the rifleman/gunners of

indicator (if rifleman/gunner it is arrange/located more to the right
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zero) or by the subtraction of readings cf arrow/pointer fron
readings of switch (if rifleman/gunner does not reach to scale

zeros)..

The translation/conversion of loudness level into the scale of

natural volume is prodyced on the table, strengthened to cap/cover.

Audio-noise meter is calibrated from the grid/network of

altermating current, it is simple in control, has weight 3.2 kg and

small dimensions (200 x 160 x 110). It is regulated by thas simple

switching of characteristic.

Audio-noise meter determines the sound pressure level at the
particular point. Several measurements of noise at different points
is determined the average value of the common/general/total sound

energy of noise source. Along with the inspection of source and its

subjective audition, the sum of these data is sufficient for t
overall estimation of noise and determimation of the ways of i

veakening.

For the establishment of the qualitative-guantitative estimation

of frequency components in the composition of noise to objecti
audio-noise meter, are connected the instruments for automatic

analysis - analyzers or octave band-passs filter.

he

ts

ve

!
§
i
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For relieving the noise spectrum under production conditions, is
applied the portable band frequency analyzer of LIOT of the
construction of eng. Yu. M. Il'yashuk (Fig. 19), in whom are used the
so—-called active or electronic filters RC. Analyzer reguires the
amplifier as which is utilized the audio-noise meter ShI-53. The

frequency charactaristics of analyzer are analogous to the

characteristics of spectrometer.
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Page 33.

~(100+250) 6

Fig. 18, Circuit o>f audio-noise meter of ShI-53.

Key: (V). V.

Page 34.

working frequency band of the instrument from 36 to 10000 Hz.
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2 Instrument has 25 adjacent bands with a width of into one third of

octave.

Instrument consists of two mutually detuped fregquency-selective
amplifiers and the output stage with the indicator whose scale is

thoroughly calibrated within limits 30 dB. The exchange of passhands

i,

is realize/accomplished by switching condenser/capacitors and

. | resistances in block RC.

N A i 1 4 i 10
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Fig. 19. Frequency analyzer of LIOT. a) are general view, b) - block
diagram. 1 - the paired switch, 2 - output meter with the scale on 30
dB, 3 - frequency scale, 4 - the knob/stick of the start of

instrument and the check of the supplies of power, Sh - audio-noise

Ao —e——




DocC = 7123‘*‘03 PAGE 3¢ |/ -
neter.

Key: {(1). Logarithmic voltmeter. (2). Entrance. (3). Wideband
amplifier. (4). The medium frequencies of filters, Hz., (5) . Loops of

feedback (block RC). (6). Amplifier. (7). Output/yield.

Page 35.

In vork rotates one selector knob alone of bands ani each tipe

they are record/written reading output meter.

For the acceleration of the process of the analysis of noise,
the recording of readings of audio-noise meter can be produced by an
instrument-automatic recorder of Neumann and then be transferred to
graph. Thus are datermined the relative noise levels in each of the
bands. The obtained values are related to the geometric maan

frequencies of passbands, gi?en in Table 11.

With absence of portable instruments for the measurement of
characteristics and analysis of noises during the differeat
mode/conditions of the work of aggregate/units, it is possible to
become district sanitary-epidemiological station or to write noise

with the aid of portable magnetic recorder with the subseguent
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treatment of the recordings under >ratory conditioms. Is
especially convenient this meth« ing the study of rapidly

changing and short-term noises.

Entire/all metering equipment (audio-noise meters, analyzers,
etc.) must periodically, is not thinner than one times per annum, to
be checked and to be calibrated in special acoustic laboratories and

to tested.

The measurement of noise must be produced on work areas.

In shops with the even distribution of noisy equipment
common/general/total noise level is measured at two points according
to the longitudinal axis of location at a distance of one third from

transverse walls and height/altitude 1.5 m of sex/floor.

In shops with the concentrated arrangement/permutation of noisy
mechanisms - at a distance 1 m of mechanism from noise source and
heights/altitude 1.5 m of sex/floor. In the cabin/compartments of

observation and in the locations, which do not have noisy equipment,

in the middle of location, at height/altitude 1.5 m of sex/floor.
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Table //.

U\ﬂpenenu qacTor TCpe:mne reoMer- npengu 4acToT Cpe:u%‘eouerpu-

OKTaBHOH MOAOCHI pHueCKHe 4acToThl OKTaBHOH MOJOCH YeCKHe Y4acToThl
2y ' 2y 2y 24
i 37,5—75 50 50—100 75
| : 75—150 100 100—200 150
‘ i 150—300 200 200—400 300
; 300—600 * 400 400—800 600
E 600—1200 - 800 800—1600 1200
E 1200—2400 1600 1600 — 3200 2400
% 2400—4800 3200 3200—6400 4800
. 4800—9600 6400 6400—12 800 9600

& Key: (1). Frequency limits of the octave band Hz. (2). Geometrical

f mean frequencies Hz.

Page 36

Cf the holes of channels, which publish noise in the atmosphere:

a) at a distance ' m of the edge of the hole of channel in

; output plane;

SRS ———_

b) at four points around the building from vhich is iderived the

il

channel, at a distance 10 m of the walls of building and

height/alt itude 1.5 m of the earth/ground.
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In the calm production locations where the noise level does not
exceed 75 dB, one should conduct the measurements only of loudness

level in backgrouands without the construction of noise spectrunm.

NORMALIZATION OF NOISE LEVEL IN PRODUCTION.

According to work, conditions to completely eliminate the
harmful effect of noise is impossible. It is necessary to conduct
active fight for reduction in the noise and the limitation of
acceptable noise levels in production for the target/purpose of the
protection of the organ/control of audition from regeneration and

destructione.

The "time/temporary sanitary norms and the rules on the
limitation of noise in production”, affirmed GGSI of the USSR on 9
February 1956 (No 205-56), establish/install the permissible
boundary/interface of noisiness for the existing types of mechanisms
and technological processes taking into account realization under

production conditions of the now known technically attained measures

for a reduction in the noise.
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E ¥
" Gradation of the harmfulness of production noise it is expressed r
E during the determination of the classes of noise, for each of which
Q is establish/installed its tolerance level (Table 12).
f;, 1
{ Supplementary necessary conditions to the indicated tolerance

levels and the spectra is the intelligibility of speech, which must

be satisfactory under conditions of the noises of all three classes,
namely: the multiple-digit numbers, pronouncing the voice of normal

volume, must be good audible at a distance 1.5 m of speaker.

A

i
|
%
|
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Table 12.
)
\l'(nacc \L\ @}lonycnmuﬁ
wymMa - XapaKkTepHcTuka Wyma )’POBC:;; wyma
WD )
IlepBmii HuskouactoTuble wymbl (WIyM THXOXOAHMX arpera-
TOB HEYNapHOrO 1eHCTBMs, WYyMBl, NpPOHHKAOUIHE
CKBO3b 3BYKOM30JHPYKIHe nperpaibl — CTEHbl, Ie- | :
PEKPLITHA, KOXKYXH) — HauboJblMe YPOBHH B CHEKTpe
pPacnono)eHs HuXke yactorn 300 zy4, BwUe KOTOPOH
. YPOBHH NOHHKAWTCA (He Menee yeM Ha 5 06 Ha OK-
b\ TaBy) 90—100
Bropoi CpenneyacToThble WyMR (WyMbl 60AbUIKHCTBA Ma-

WHH, CTAHKOB W arperaTtoB HeyAapHOro neiicTsua)—
HauGoAblWHE VPOBHH B CHEKTpe pacloNOXEeHW HHke
yactot 800 2y, BbUIe KOTOPOiH YPOBHM IOHHXKAIOTCS
g}\ (ue meHee yem Ha 5 00 Ha OKTaBy) 85—90

peTHit Q\Bucoxoucromue WYyMb (3BeHslMe, IWIMNAUHE H

BUCTALLHE WYMb, XapaKTepHble AJs arperatoB yaap-
HOTO 1efiCTBHA, MOTOKOB BO3AyXa M rasa, arperatos,
AeHCTBYIOWHX € GONBIWIHMH CKOPOCTSMH) — HaHGOMb-
LIHe YPOBHH B CMEKTPE PACNONOXEHH Bbille YacTOThl
800 24 75—85

Key: (1) . Class of noise. (2). Characteristic of noise. (3).
Acceptable noise level dB. (4). The first. (5). Low-frequency noises
(noise of the slow aggregate/units of unstressed action, the noises,
vhich penetrate through sound insulating barrier/obstacles - wall,
overlaps, jackets) - the greatest levels in the spectrum are
arrange/located ba2lov the frequency 300 Hz higher than which levels
are depressed (not less than on 5 dB to octave). (6). The second.
(7). Middle frequency noises (noises of the majority of machines,
machine tools and aggregate/units of unstressed action) - the
greatest levels in the spectrum are located lower than the frequency

800 Hz, higher than which levels are defressed (not less than on 5 dB

to octave). (8). The third. (9). High-frequency noises (ringing,
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sibilant and whistling noises, characteristic for the aggregate/units
of percussion, the air flows and gas, aggregatesunits, which effect
at high speeds) - the greatest levels in the spectrum are located are

higher than the frequency 800 Hz.

Page 37.

If of 50 named numbers more than 40 are taken correctly, then
intelligibility is considered satisfactory and this noise does not

exceed permissible.

For the calm production locations, arrange/located in the
territory of plant, design bureaus, office and administrative
locations in private and windows the level of permissible noise
level, vhich penetrates into this location from other production
locations, it must not exceed 50 backgrounds of outside dependence on

its frequency composition.

Procedure of the determination of acceptable noise level from the

curveygraph of noras.
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After measuring the common/general/total level of noise strength
5 ' in decibels with the aid of objective audio-noise meter and the
frequency noise spectrum in decibels with the aid of audio-noise
meter and the connected to it filter ome should construct from
measurement data noise spectrum on tracing paper to the scale,

1 identical to the graph of norms (Pig. 20), for which:

a) to plot along the axis of abscissas the geometric mean

frequencies of filter (from Table 11);

b) on the ordinates of graph, corresponding to geometric mean
frequencies, to plot down from zero decibels the measured values of

the noise levels in bands.

Note. For zero decibels, it is possible to accept greatest of
the measured levels in the spectrum and to set aside the difference
betveen the greatest, levels in the spectrum and by the ra2maining

levels in spectrum bands.
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Fig. 20. Acceptable noise levels in production for noises of

different classes (graph of noras).

Key: (1) . Classes of noises. (2). Low-frequency. (3). Midlle
frequency. (4). High-frequency. (5). Relative levels of noise

strength in spectrum bands in dB. (6). dB. (7). Frequency in Hz.
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Page 38.

The graph of norms is combined with the ccnstructed graph of
noise spectrum by the imposition of tracing paper on graph (see Fig.

20) <

Noise is consdidered permissible, if the line, spectrunm envelope
cf noise, it does not fall to more than 3 db outside boundary line of
the graph of norms, which corresponds to the measured by audio-noise

meter common/Jeneral/total level of noise strength.,

COLLECTIVE AND INDIVIDUAL PROTECTIVE MEANS FRONM PRODUCTION NOISE.

Transfer/converting to the practical measures of fight with
production noise, one should say that its success will depend in

large measure on its organization.

The present effective fight, which guarantees lowest possible

noise levels in production, must begin considerably earlier than the

ey T
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launching/starting of new shops and production, earlier than the
issue of machine tools and mechanisms. In this case to the
development of the combat means, it is pecessary to draw the
technical-engineering workers of the design and planning
organizations of the machine building industry, technologists and
specialists, who participate in the creation of constructions and the
composition of projects, and also the representatives of the

organizations, which confirm new constructions and projects.
In the effective shcops and productions, the noise abatement must
be done simultaneously with the different in character noise sources,

which are already located in the flow cf production.

Measures for fight with production noise it is accepted to

divide into three categories:

1) measure for a decrease in the level of production noise to

the maximum permissible ncrms in the effective shops;

2) technical requirements with respect to noise abatement of new

machines and mechanisms;

3) the technical specifications of the planning of naisy

groductions.
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Measures for a decrease in the level of prcduction noise to the
saximum permissible norms in the effective shops in each individual
case must be defined after the visual inspection of mechanism both in
that vhich effects and in the inactive state, and also after
obtaining of the acoustic examination/inspection of production
conditions of this work area, shop, pProductjon and analysis of the
components of noise. Only in this case the determination 52f reasons
will be considerably lighten and the measures, directed toward the

liquidation of these reasomns, will bring the greatest results.

Measurvs for a reduction in the production noise in active shops.

In all production locations where the noise levels on work areas
exceed permissible, must be accepted measures for
insulation/isolation of noise source, prevention of the propagation
of vibration and its emission/radiation, for sound absorption by

special devices.

Page 39.
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The sources sharply emitted noise (mechanisms, installations,
aggregate/units, processes) must be insulated by means of their
conclusion/derivation into separate locations or by the installation
cf special dense vwooden or brick partition/baffles with the

transference of control panel for partition/baffle.

Brick partition/baffle into ome brick gives a reduction in the

noise to 43 dB, and in one and one-half brick - to 49 dBt.

FOOTNOTE t., The effect of the sound-proofing devices and all measures
is given on actual measurements after isplementation. For varied
conditions and ¥ith the different by execution the effect can be

changed within limits of #3 dB. ENDFCOTINOTE.

If it is not possible to insulate noise sources, one should
establish/install near them the soundproofed catin/compartments for
servicing personnel with control panel and inspection window (two- or

by the three-layered pressurized/sealed glazing).

The wooden tightly closed cabin/compartment decreases noise by

30-40 dB.
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Test benches for small engines insulate by the special
sound-proofing chambers from dense tree on to glue (without the
application/use of nails) wvall thickness from 20 to 25 am This
chanber decreases noise by 18.5-20 dB. The sound-proofing chamber can
be double from intermediate air interlayer withcut facing and with
the lover coVering from sound-absorbing material; there can be the

chambers and the special coamstructions (Fige. 21).
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Pig. 21. Jacket of special coastractios vith glazing for packing

automatic machine.

Page 40.

As sound-absorbent materials for the walls, the overlaps, the
chaabers, the chests, jackets, etc., one should apply material
vithout pores, with high acoustical resistance and the coefficient of
sound absorption, wvhich does not exceed 0.10/0. To such materials

they are related:

a) brickwork into half-brick (12 cm). plastered from two sides

by cement mortar, decreases noise by 46 dB;
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b) concrete and the reinforced concrete with a cast thickness of

80 mm - decreases noise by 44 dB;
c) the same thickness of 110 am - decreases noise by 47 dB;

d) double wall of two layers of gypsum plate/slabs 8 ca in

thickness, placed close, decreases noise by 44 d4B;

e) the same with interval/gap in 6 ca - decreases noise by 49

dB;

f) the same with interval/gap in 10 ca - decreases noise by 51

g) wall from pinevood panels 4 cm in thickness, plastered by

calciferous-gipsym solution/opening, decreases noise by 30 dB;

h) the cork board with a thickness of 50 mm - decreases noise by

20 dB;

i) plyvood with a thickness of 3.2 am - lowers noise to 17 dB;

j) 9lass mirror with a thickness of 3-4 mm - lovers noise to 28

dB.
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As sound-absorbings material for an internal facing, is applied
hair felt - with layer 25 mm, it gives supplementary reduction of
noise on 7.1 dB, with layer in SO am a reductiop increases to 10.5
dB; are applied also cotton, oakum, asbestos, the slag cotton and

another sound-absorbings material.

Sound-absorbing material is held from within by fine/thin vire
gauze, the perforated/punched cardboard or the perforated/punched
plywood, which are fastened to internal wall short, those who not

pass through wood screwvs.

The double chamber design, coated by sound-absorbing material,

decreases noise to 47 dB. ' 5

For convenience in the operation, the chamker can be carried cat
number System by lift inspection window, with the hermetically
built-in two-layer glazing, which rests ip all glaces of joint on
sound-absorbing packing of felt or rubber.

\

Sound~proofing effect of inspection wimndow vwith single glazing

16 dB, number system by double glazimg - 20-30 dB.
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rhe chambers for the aggfegate/units, vhich require free air
circulation, can have branch connections, included in ventilation
system, or diversion/taps in the form of the pipes of varying

section, directed to sex/flcor or ceilinge

Sand- blast cabinet from gland (number system by the rubber hoses
for a work within it) for purification/cleaning of parts, coated with
inside technical felt under metal grid, decreases noise level to

33-35 dB.

The noise of the engines of separate asseamblies or parts of
aggregate/unit is decreased by means of insulation/isolation by their

metal casing (Fig. 22).

Jackets are manufactured of of 2-3 millimetric iron of welded
construction with dense fastening to sugportingsreference wooden
plate/slab or the flange through the insulating greased packing. This

jacket decreases noise to 15-18 dB.
Page 41.
It can be made in the form of housing of veneer with 2- or 3- layer

metallic or wooden inserted panels instead of the walls vith packing

of technical felt.
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Jacket for insulation/isolation of tone ncises (crushers, ball
mills, etc.) can be made of two layers of a 10-millimetric plywood
with that laid between them by the tightly connected and riveted on
¥elds linoleum with a thickness of S mm, by plywood or plug plate.

This jacket raises the effect of a reduction in the noise to 25 4B

and more.

i
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Pig. 22. Machine tools with noise-redecing hinged/reversible jackets.

a) Device vwith enclosed casings, b) machine tocl with

hinged/reversible jackets.

TOTORE
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Page 42,

Jacket can be hinged/reversible, on loops, hangers, etc. In all
cases the supressing ability of jacket will depend on the seal of

structure and its fastening (Fig. 23).

Insulation/isolation of the tumbling barrels, ore crushers,

spherical grinder, etc. can be realized by the device of special

chests with individual sectionms.
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Fig. 23. Pneumatic aggregate/unit PGA-6 with hinged/reversible jacket

to movable riveting presses. a) in running order, b) in nonoperating

state.
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Page 43.

Chests can be manufactured according to the type of the chambers
vith dense single either double door or lift cap/cover. Within the
chest of a sufficient size/dimension, is installed the foundation,
drives and another necessary equipment. This device of single chest
provides a reduction in the noise to 20-35 dB, and double with the

sound-absorbing facing - to 50 dB.

Furthermore, the tumbling barrel can be dressed into "jacket"
from sheet rubber with the Sheathing/skin of surface by the strips of
wood, which tightly press jacket by bands or clamps (tie pieces) over

entire drum surface.

A reduction in the noise of the tumblding karrels (in foundry
shops). is achieved by installation within their second grid from
armored plate/slabs with the air seal in 2-3 cm. Simultaneously from
the external drum surface is placed the layer cf rubber, strengthened
with the aid of transverse continuous block/backings under metallic

kelt/zones.
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The impact noises, accompanied by powerful shaking and vibration
of aggregate/unit (hammers, hot—-die-forging, fcrging pneumatic,
knockout or landing/heading automatic machines) and by the
emission/radiations of powerful air waves, require special measures
for the prevention/warning of the propagation of vibration to
vibration insulating parts of the construction and beyond the limits

of machine tool.

As the vibration-isolating materials it is possible to apply:

a) rubber porous, soft, in the form of ribbed slabs or
plate/slabs with holes; rubber of average hardness; rubber of special
types;

b) plug natural or plug grit in the fora of plate/slabs;

c) felt soft; felt rigid pressed and felt with the layer of

plug;

d) mineral felt on the bituminous bonding agent, manufactured in
the form of the fabrics with a thickness of 3-5 cm, by the width of

1«5-2 m and by the length of 3 m;

e) the asbestos-cement plate/slabs with a thickness of 3 cm from

A S A
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the mixture of 500/0 asbestos and 500/0 of cement, dissolved by

water;

f) plate/slab from mineral plug 3 cm in thickness, manufactured

from the slag cotton vith the treatment by emulsion;

g) vwood-fiber boards 2.5 ca in thickmess, manufactured from

production wastes of wood pulp at paper and pasteboard factories.

Packing of felt under machines it follows periodically - through

2-3 years, and rubber after 4-6 years - to replace nev.

Remaining materials as more to strut can te replaced with

necessity.

The prevention/warning of the propagation of vibration beyond
the ljmits of impact constructions (hammers forging, knockout
machines, etc.) is achieved by the device of the attenuating
foundations (Fig. 24). For powerful assemblies the foundations work

into the earth/ground to 900-1000 am and more.

Page &4,

Into the bottom of the coated with brick planking, it is filled and
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is tamped layer of sand or gravel above which along foundation are
laid cross ties at a distance 300-400 mm one from another and on them,
rests concrete foundation. Above concrete cushion with the poured in
it bolts for fastening of the foundation of machine tool, is laid a
layer of mineral felt om bituminous bonding agent 15 ca in thickness
and oaken block/backing 70-100 mm in thickness, that corresponds by

area to the basis/base of machine tool.

Machine tool can be establish/installed and to the spring or
rubber fenderings (Fig. 25) of welded construction (construction of
spring shock absorbers is developed LIOT, and two-spring with rubber

packiangs - NISO).

During the assembly of machine tool on shock absorbers for the
target/purpose of the prevention/varning of sound emission by
foundation level it is regquired to bring under the basis/base of
machine tool with two-layer sound-absorbing packing of of wood-fiber

or cork board and rubber (Fig. 26).

Under knob/caps or nuts of mounting bolts, which strengthen
pachine tool to foundation, it is necessary to place rubber and
metallic vashers, and to pain - to put on rubber tube or to leave air
gap. Pastening must rigid link aggregate/unit number system with

foundation to avoid emergence and transsission of vibration.
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knockout machine tool BSh.

Key: (1). Bolt under hub/boss to pour. (2). Felt technical or sheet

rubber (10 mm). (3). Concrete. (4). Oaken cushion according to the

R R T > ot S

size/dimension of the basis/base of machine tocl 70 mm in thickness.

SR

(5). Cross ties. (6). Sand.

A P R T

Page Uu5.

In the places of the greatest emissionsradiation of vibration by
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machine tool - on arm, thinning projections, indentations, legs,
struts, the escapes of design, receiving shocks, to all metallic
“vwaists" for a decrease in radiating surface of machine tool or
attachment one should install with interference circular rubber
sleeves, clutches, beaker/sleeves or tighten the closely fitted layer

cf rubber, pressing it by wcoden or metallic washer and fastemning by

tightening bolts or clamps (Fig. 27).
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Pig. 25. Vibration-damping supports. Comstructicns of spring shock
absorbers. a) Shock absorber LIOT. 1 - cylindrical spring, 2 -
supporting/reference machine tool, 3 - the fastening bolt, 4 -
housing, 5 - area/site, 6 - nut for preliminary tightening, 7 - nut
lock, 8 - bushing of rubber, 9 - the cushion of rubber or plug, 10 -
supporting metallic disk, 11 - metallic and rukkter washers. b)
two-spring shock absorber with rubber packing. ¢ and 4 - general view

and the cut/section of an equifrequent shock absorber of the type
NISO-2. 1 - strut-bushing, 2 ~ rubber tube, 3 - vasher, & - buffer, 5

- basis/base, 6 - exponential spring 7 - cover plate.

PR e
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Pig. 26. Vibration damping elastic and spring cushions. a'—the

mounting method of machines on cushions, b— an example of the setting

« up of generator on spring shock absorbers, ¢ and 4 - combination of
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plate/slab and machine is establish/installed to resilient mountings.

Key: (1). Wood-fibrous plate/slab. (2). Spring rpacking. (3).

reinforced concrete plate/slab.

Page 47.

Tool making tables, the joiners benchhes, carrying large impact
load, one should cover/coat the top with linoleum, fiberglass,
plastic or polychlorovinyl plates, fastening them to edges of the

table narrow {10 x 10 mm) corner angle from the tin plate.

Under entire that installed on tables or jociners benchhes tool
making tools and trueing attachment of iron sheets, their bending by
hand on plate/slab, rail or the stream of square section/cut, with
knockout on figure models, Anvils or in jaws under the basis/base of
the attachment between the plate/slab and the machine tool, and also
under the washers of the fastening bolts should place two-layered
attenuating lining from sheet of asbestos and mineral felt on

bituminous basis/base or frcm rubber (Fig. 28).

Puring vorking of large metallic planes or cavity articles

{boilers, the cisterns, the containers and cther large-size
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o

’" capacitance/capacities from sSheet petal) by means of pneusatic
*ﬁ riveting, which creates high noise level both within the

j§: capacjitance/capacity and snaruji, the resources of attenuation are
2 difficult.
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[ e Fig. 27. Damping packings in thinning of rail (felt is held by wooden
&
I washer and bolts).
i

\ Key: (1) . Wood plates/bar. (2). Pastening bolt. (3). Felt.

Pig. 28. Damping packings under straightening plate/slab.

Page 48.

As the most rational resource in such cases can serve the coating of

- S
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4 an entire surface of article with several layers of varnish or latex
3A

& (synthetic rubber), which after drying in the open air will leave on
fj metallic surface fine/thin (to 1 mm), but having large coefficient of

friction, and consequently, vibration-damping film of artificial

coating, which does not mix work.

o As the resource, which reduces the plane of the

e erission/radiation of air waves and absorbing thems, can serve the
application/use of panels (of type of blankets) from the double layer
of ATIMKh-15, cotton with the fire-resistant impregnation with

1 antipyrine (OP) and coated from upper side of dressed linen ANZM or
AM 100-0PZ with dense surface film. Such panels are opened according
to the size/dimensions of article, are facestrimmed on edges by the

weld of overlock or with knee tc another side to 15-20 cm (Fig. 29).

When article is very great, is manufactured several panels of
small size/dimensions (4 x 4 or 4 x 5 m) and they throw thes on the
flane of article, overlapping each other. If necessary to free place

for the treatment of panel it is easy to movea

The same panel, double (inside by o0il cloth surface) for the
absorption of high-pitcheds sound, can be hung up along great

capacities. If workers are located within machined

capacitance/capacity, then panel they hang up in it along diagonal.
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ﬁ ! Noise from the shock of instrument in the work of slotting and
%jj knockout machine tools can be lowered by means ofattachment on

ﬁ“] bracket (higher than the instruament) with the aid of the clamping
zij collar of rubber beaker/sleeve 2-3 mm in long lover than cutting or
y

working edge of instrument.
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Fig. 29. Sound-absorbing panel. a) the weld of overlock, b) weld in

the sites of joint.

Page 49.

the mechanical noise, which appears in the work of mechanisams on
idle or working course (in catching of toothed wheelss, in the work
of cam/catch/jaws, from the shocks of pushers cp valve stems, from
the work of crankgear), of automatic machines on the manufacture of

parts cutting, etc., and also with technical shcrtcomings in the

mechanisms (into the result of eccentricity, internal slants,
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; f‘ incorrectness of assembly or wear of parts) is decreased by the way:
‘,g
& a) the elimination of technical defects and malfunctions in
: lgchanisns;
: b) testing undercarriages, their fastening and correctness of
‘ 7 assembly;

c) the elimination of play, slants, lack of balance of motion
work and their correct fixation, decrease in the range of
oscillation;

d) timely repair and the replacements of the vworn out parts;

e) the replacement of serrated straight-tocthed vheels with

gears with herringbone tooth;

f) increase of the width of gears; |

g) the Selection of the relationship/ratio of the teeth of

gearss;

h) the replacement of metallic gears and their altermnating

coupling with serrated oscillations from nonsonorous materials:

g
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fibrolite, ebonite, Textolite, plastic, artificial leather, etc;

“"

“{':"7

i) the regular lubrication of moticn wcrk;

'

j) the replacement of transmission drive by electric motors;

k) the application/use of the sound-proofing hinged/reversible
jackets imn noisiest locations (reduction, chainycatenary, belt, etc.

transmissions) ;

5 1) of the automation of the supply of material;

m) systematic planned supervision after the state of the stock

of machine tools in operation.

A reduction in the noise, which appears from the cutting forces,
is achieved by lubrication (0oil, emulsion) or by the execution of

works in oil baths.

Much higher noise appears during the mechanized, and also hand
finishing of articles made of the alloyed or light alloys, with
alternating/variable section/cut, internal projections or cavities,

i the center-of-gravity disturbance and other deviations from norm. For

the limitation of their vibration treatment it is necessary to do in

T ————
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attachments, creating the densest adjoining to the attachaent of
radiating surface of part. If attachment is not closed entire
radiating surface of part, then it one should tighten by the steel
clamps of various forms and size/dimensions (place), by the equipped
sectors from rubber or bituminized felt, strengthened from inside of
clamp on the recessed into material rivets or the bolts, which emerge
outside. The tension of clamps (Fig. 30a) is regqulated by tightening
bolts. A quantity of clamps is determined by the size/dimensions of

article.

Also descends the sounding of steel tubes during their internal

treatment (Fig. 30b).

Page S50.

During the external working of ducts, the limitation of the
propagation of Vvibration and sound emissioa is achieved by driving in
inside the ducts of wooden plugs with rubber packing, and also
spacers With the spiral control of pressing rubbker or felt
interlayers against the internal surface of duct. During the
treatment of edge or it is end duct it is possible to utilize an

external and internal method of silencing.

Parts with alternating/variable section/cut or the special

R e S
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1 consumption/production/generation of the complex configuration, which
¥ have sharp and thinned strongly vibrating cell/elements (blade/vane
ko of turbines, the blade wheel of compressor, etc.), require special

attachments for the vibration damping of these cell/elements - the
: ? setting up of a clamp-vibration damper, packing, clutches, the

E L belt/zones, developed/processed usually in connection with place by

»

way of vorking invention.

N
™
i
<
4




e

i‘_
g

poC = 7723“0& PAGE 42 | D

(1 (%
Odpadams/bacwan

acmans 5 £y
W\ MAzKas pesuna 2-=J¢

)

Udpadamsibaemas demans

W\ MAckaa pesuna Z=Jom
L Pacnopriie cma)wm/e

/ Anacmunsl { 2
X pacnopreia bunm ¢ npabo )

u nebod pessdod (0 noryaM

Fig. 30. Clamps (a) and internal spacing i(b) during processing of

ducts and different capacitance/capacities.

Key: (1). Machined part. (2). Steel tie piece - clamp. (3). Soft
rubber 2-3 cm. (#) . Loops. (5). Spacer steel plates. (6). Spacer

screvw/propeller with right and left-handed thread on ends.
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Page 51,

Cne Of the specimen/samples of this clamp it is represented in

Fig. 31,

The treatment of rouads of large length of automatic-revolver
machine tools, which creates noise to 94-97 dB, is produced in
special attachment - the directing ducts, coated from internal and
face with the nonsonorous vibration-damping materials, or in the
attachment, which consists of the ducts between which is placed the
spring with the alternating/variable diameter of turns either with
the filling of interval/gap by dry sand or with the filling of it
With viscous fluid. The position of internal tube in this case is

detented by rubber or wooden rings.
A reduction in the noise, produced by instrument, depends not
only on lubrication, but also on the state of the instrument: from

its timely replacement, sharpening, etc.

Pneumatic tool (pneumatic drills, pneumatic hammers,

Fneumo-cutters, etc.), the considerable noise created on leaving of
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exhaust air (to 117 dB), at plants usually alter, equipping it with
special silencers - the closed chambers for the expansion of the jet
of the compressed air to its output/yield in the atmosphere (Fig.

32).

As this chamber it is possible to utilize also a cavity within
housing. The best solution is the device of the chamber in the body
of the housing of knob/stick (of shaft) with 12-15 additionally
drilled outlets into 1.5-2 mm for a free air outlet to bit or milling

cutter (Fige 33). To lower the noise of the working shocks of

pneumatic hammers thus far did not manage.

S v cimra:

B E
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Fig. 31. Vibration dampers (clamps for ktlade wheel of coampressor).

Page 52.

To a decrease in the level of production noise coatribute also
the preventive/varning inspection of attachments, testing stability
and the elimination of the vibration of metallic parts by means of
the stiffening of construction, the application/use of
sound-insulating packing, lugs, sectors (prevent/warning
emission/radiation and noise propagation), an increase in the density

of the adjoining of article, reliability of fastening article, etc.
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Fig. 32. Noiseless drill with removable silencing chamber: a) to

assembly, b) in assembled form. 1 - hole for the admission of exhaust

air into the chamber, 2 - tightening bolt, 3 - clamping collar

e
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(binding band), 4 are silencing chamber.

Page S53.

The aerodynamic or hydraulic noise, which appears at high
velocities of the flow of air, gas or liquids, during abrupt changes
in the direction (during the flow about the blade/vanes on edges with
rotations, the overcoming of obstructions) is scmewhat decreased by
the careful perfecting of the edges of fairings, increase in the
evenness of junctions and change in the directicn of flows,

elimimation of obstructions or imparting to them streamlined shapes.

Considerably reduces noise the device of the mechanical air
outlet from sound source, if sound appears in the limited space.
Thus, for instance, air outlet from under the jackets of the circular
and savw bands through ventilation together with the distance/removal

cf dust contributes to a reduction in the noise.

Jet/reactive noise of continuous spectrum, which includes the

sounds of all frequencies, more easily in all water curtain.

From the effect of the intense air wvave of the time/temporary

aerodynamic noise source, it is possible to be shielded by the
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setting up before the worker of shield or partition/baffles with

sound-absorbing facing. |
09 & 7 . _ 6§ 7 1 1 ]
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Fig. 33. Noiseless pneumatic drill with intermal chamber: 1 - rear
housing, 2 - valve, 3 - hole, 4 - wall of air chamber (removed), 5 -
air holes in old construction of drill (are riveted), 6 -
front/1l€ading body, 7 - hole into air chamber, & - silencing chamber

cf noise, 9 - bushing, pressed to lever, 10 - newv outlets.

Page S4.

The noise of ventilation systems can be considerably lowvered

during the execution of the comparatively simple measures:

a) during the elimination of technical shcrtcomings and

malfuactions in the construction of fan and its conclusion into the
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v sound-insulating chamber;
» 1
. |
> b) during the motor installation on the durable weighted ?
¥ foundation (frame from channel bars, adjustable on sandy soil either f
L the concrete cushion) or on the cushions (Fig. 34);
;-

1

s c) during static and dynamic balances the elimination of :
. eccentricities, lack of order of engine;

d) during the setting up of jacket on engine with its dense

\ fastening for the frame through vibration-insulating packing; }

e) with testing of methods and resources of fastening and
insulation/isolation of air ducts, the renewal c¢f asbestos and rubber

packing, dense tightening and fastening by clamps (Fig. 35);

f) during testing of the soundness of air ducts, with connection
of welds by electric welding, during setting up of flange joints with
the sealing packing, air tubes and branch connections of rubberized

fabric;

g) with the external soundproofing of air ducts by asbestos;

h) with the device of silencers in air ducts (facing and
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shielding) ;

#
¥ ’ . .
%'f i) during setting up during the drawing of supplementary fan.
13
£ |
v |
'
|
. l 4
| Fige 34. Setting up of fans: a) on foundation in soil, b) during
|
N | cverlap.
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Fig. 35. Insulation/isolation of conduit/manifolds of fan from

structure.
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Key: (1). Inset is the rubber hose. (2). Clamp with the cushion

{rubber, asbestos). (3). Reinforced concrete plates/slab. (4). Packing

b

of rubber according to calculation. (5). Before the framing of ducts

to assess by asbestos board and to wrap up roofing paper.

Page 55.

For special ventilation installaticns with the diameter of air
ducts, which exceeds usual size/dimensiocns, one should apply the
facing of the internal surfaces of air ducts by sound-absorbings
material with a thickness from 2.5 to 10 cm (hair or mineral felt),
that are held in mesh metal frames or by the fastened in thrust
perforated/punched plywood, by transverse racks or interbracings (see

Fig. 30b).

It is possible to apply also shell of the internal surfaces of
air ducts by the acoustic slabs of a prcper radius or configurations,
fabricated and those who are assembled according to place. Slabs are

connected with the aid of damp/crude accustic plastering or adhere in

to the walls of air duct by hot bitumen.

In the especially wide channels where the acoustic facing of

walls proves to be insufficient, in the channel of air duct, are hung
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the sound-absorbing plate/slabs and are establish/installed the
shields from pumice or slag concrete, manufactured on metallic or

lumber.

The setting up of shields or the suspension/mounting of
plate/slabs must bé subordinated to the requirerent for the creation
cf the greatest number of bends in the direction of acoustic wave,
possible elongation of its way between the sound-absorbing

obstructions.

For large air ducts are applied the silencers lamellar with

internal voids and bilateral facing. Their effectiveness ~ froam 28 to

72 dB (see Fig. 37).

Are applied also the sections of honeycomt silencers with the
sound-absorbing facing, which consist of the separate extended
lacunar cells 10 x 10 cm by which overlaps the cross section of

air duct and divide air flow to separate hose/pipes (see Fig. 36).

For a reduction in the noise of high frequencies (noise in the
air ducts of fans, exhaust of engine, issue steam, etc.) are applied
chamber silencers (see Fig. 38) with different type by shields

(lamellar, cellular/honeycomb, honeycomb silencers). For powerful

noises with continuous spectrum preferably the coabination of

e A o oy N
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sound-filters and shields. For the damping of ncise from issue, the
pair from the narrow slot of nozzle is manufactured special ircn box g

with the internal filling of imterval/gap with mineral wool. This

aat

4

silencer decreases noise to 50 dB. E

The noise of low frequencies, which appears during the expansion
Of gaSeS and pulsation of exhaust pressure, descends with the aid of i

the acoustic filter-resonators, which have the built-in chambers with

acoustic facing, in section/cut sweep of air duct 2-3 times (see Fig.

39), the allow/assuming Series connection chambers.

The selection of silencer is determined by the value of required

noise reduction and by the gas pressure after bleeder.

The noise, which appears during pressure change from compression
during the suction of air, is decreased by applying the capacitive
filter-silencers in the places of air intake. The places of air

intake in this case they will be carried to the side.
Page 56.

In rotor-pressure system of air intake, one should remove also

the mechanical noise of gear drive, interfering of rotors against

each other, etc.
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During the combined setting up from several uniform or diverse
silencers, a reduction in the noise is equal to the sum of the

reductions, obtained from each silencer.

Honeycomb silencers are manufactured in the form of separate
cells with length 1-2 m. Each cell has the wire framework/body,
turnmed by the sound-absorbing matte finish from felt with a
thickness about 2-2.5 cm. Cells tightly are placed in series, they
are bound by wire and are moved in into air duct or channel (Fig.

36). Effectiveness of honeycomb silencers from 33 dB - 82 d4B.

Honeycomb silencers are manufactured also in the form of the
cast sections from porous materials (Pumzolite, slag gypsum, etc.).

Wall thickness in this case is not less than 2.5-3 cnm.

Lamellar silencers consist of a series of the sound-absorbing
plates, manufactured from porous plate materials or the

sound-absorbing matte finishes (mineral felt), strengthened from all

sides on wooden basis/base (Fig. 37).

|
|
|
|
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Key: {1). Section of honeycomb silencer. (2). Layer of
sound-absorbing material with a thickness of 2-2.5 ca. (3) « Wire

framework/body.
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Pig. 37. Lamellar silencer.
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BT Key: {1). Wooden plate. (2). Sound-absorbing material. (3) .
2
29 Directing.

¥ Page 57.

}

The prepared plates are assembled on sections in lumber with the
aid of guide bars of cassettes and are establish/installed in the
form of shields. For an increase in their absorptive power, the
wooden basis/base of framework/body is made in the form of hollow box

(air chamber).

Chamber silencers with internal shields are constructed
according to different circuits (Fig. 38). Shields are faced by the

mineral felt, fastened to basis/base with the aid of wire gauze.

For the damping of air or gas of mction akcve 6-7 m/s in speed
transverse shields in the chambers they do not establish/install,
being limited only laterally. All internal surfaces are faced by

sound-absorbing material.

Acoustic filters are manufactured in the form of the hollow

chambers, 2-3 times of those exceeding the section/cut of air duct

{Pig. 39). The chambers are connected in the section on several of
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pieces or are arranges/located along the ¥way of the air duct through
the determined (1-2 m) distances. In acoustic filters by
sound-absorbings material are faced not the chambers, but their
connecting channels. Acoustic filters are capable of
attenuate/veakening the fluctuations of one or several frequency
regions, suppressing and reflecting of driver with the frequencies of
outside these regions. This property of filters is requlated by the
size/dimensions of the chambers which are selected for a section

virtuallye.

As sound-absorbings material one should apply porous and bulk

paterials.

3
L..‘.__m__a. T ——
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Fige. 38. Circuit of chamber silencers with shields.
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Fig. 39. Acoustic filter for low frequencies.

Page 58. j

Especially high percentage of sound absorption have materials with

the fibrillar structure of the structure of cells (with the internal

voids through which they pass the finest fitrils):

ke Ly
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a) felt construction with a thickness of 1.25 cm at average and

high frequencies gives sound absorption to 45-520/0;

b) the same, by the thickness of S cm, greatest sound absorption

69-670/0 gives at frequencies from 500-1000 Hz;

c) the same, by the thickness of 7.5 cm greatest sound

absorption 66-770/0 gives at frequencies from 250-500 Hz;

d) the asbestos felt with a thickness of 1 ca absorbs sound to

32-250/0 at medium frequencies from 500-1000 Hz;

e) the glass-felt with a thickness of 3 cm gives 81070 of sound

absorption for the frequencies, close to 1000 Hz;

f) the slag cotton with a thickness of 10 cm also gives highest

sound absorption 70-6%/0 for a frequency 1000-2000 Hz;

g) the asbestos wool with a thickness of 10 cm after iron sheet
with holes in 4 mm, the space of perforation 30 mm gives sound

absorption to 700/0 at frequencies in 500 Hz;

h) panels of Bekesh 1 x 4 (linen on cotton) with a thickness of

4 ca they give sound absorption 80-810/0 at frequencies 125-250 Hz.
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Of the holes of air ducts, which emerge into the corridors, one

should establish/install the sound-proofing valves.

Of outlet above the corridor, is made special suspension with

the hermetically closed hatch.

Between floors overlaps one should make heavier by filling.

A decrease in the resonance noise, vhich afppears during
fluctuations in elastic constructions during agreement with the
vibrations of the external or internal sonic exciters, which increase
the amplitude of oscillation, is achieved by a change in the speed or
operating cycles of the aggregate/unit, calling resonance, by a
change in the angle of incidence in its acoustic wave, by an imcrease
in the rigidity or by an increase in the massiveness of the

resounding part.

By the considerable on effectiveness resource of a reduction in
the noise indoor is also the coating of the internal surface of
valls, ceilings and farm/trusses the sound-absorbing coampositions.
For this purpose are applied porous acoustic plasterings, plate

materials, the slag cotton, felt, asbestos grit, wood filings, etc.
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In the metalworking shops the plastering will be deposited
directly to the walls, pre-covered with the layer of cement

flastering with a thickness about 10 mm.

The even damp/cruder layer of cement plastering is closed by the
layer of acoustic plastering with a thickness in 25 mm. Acoustic

plastering is manufactured as follows: construction slag or pumice is

ground by hand or on mill and is sifted on grid with cells into 3 or
4 mm. Removed slag thoroughly is mixed with dry cement and fills with

vater before uniform moistening.

Page 59.

To one square meter of wall, it is required for 19.2 parts of the
Slag, 4.8 parts of the cement, 3.2 parts of water or 28.8 parts of

the pumice, 7.2 parts of cement and 7.2 parts of the water.

The facing of the walls of the smithy, foundry, molding,
chopping, stamping and other shops with the low-frequency noise of

impact character it is better to produce with ready acoustic slabs.

Plate/slabs are fastened to wall to hot bitumen or cement mortar.
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As material for the manufacture of plate/slabs serves the
solution/opening in proportions indicated above which is discharged
into the forams with a depth of 25 mm, are aligned in them and through

several minutes is sprinkled by water.

Plate/slabs are dried in air at temperature of 18-20°C during

2-3 days.

Iron farm/trusses and other metal coastructions are cover/coated
from pulverizer with the liquid mixture of the milled asbestos, glue

and cement in proportion #:1:1, by the dilute water to the required

consistency.

Dampings one or of several tome sounds it is possible to attain

ty the device of the resonance systeams, which consist of numerous

separate resonators.

Resonators are clay or cups with narrow throat in the fora of
cylindrical and another fcrm of cavities (Fig. 40).
L
Integral cavities are incorporated into walls and are filled to

1/3 by different sound-absorbings material: ash, by charcoal, by cake

pumice, by graphite, etc.
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Fig. 40. Resonance sound absorbers of various forms: 1 - with square
vooden plug in throat of resonator, 2 - with 3-lobe oaken plug, 3 -
arraigement of resonators on wall of door, 4 - arrangement of

resonators on arch/summarye.

Key: (1). Ash.

Page 60.

Outlet of resonator is closed by the sound-transmitting material, and

above - by the figure wooden plug of the square or other form, which
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has holes for the penetraticn of air wave inside resonator (Fig. 41).

External resonators are made in the form of the mesh incomplete
cylinders with the open lateral surface in which is fastened a series

of disks from plyvood on long legs, and they are hung near walls.

The loop branching in air ducts, which raise the distance,
passable by acoustic wave to the odd number of halflengths of the

wave of the supressed tone, are also resonators and supress noise.

]
In practice usually is applied the combination of the resonators
|
of various forms. The system of resonators it is possible "to tune"
for the frequencies, close to resonance, for absorption one or of -

several unpleasant sounds.

In locations with the noise of very high tcnes (in the shops of
working light alloys, on the sections of testing and
inspection/acceptances of signals or with the ncise of aerodynamic
origin) is made the soft facing of the surfaces of location in
connection with the air damping. For this, according to the
size/dimensions of each wall and ceiling, is made the vooden frame
with a depth of 4-5 cm with transverse or longitudinal racks

approximately through 1.5 m. Each frame is faced by the panel of the

corresponding to it size/dimension (Fig. 42).
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g Form board is made of 2-3 layers of the material ATINKh-15,
E rarely it is quilted and outside is covered by flannel. The edges of
E panel are face/trimmed by the weld of cverlock (see Fig. 29). Such
| &
Ei panels are tightened to the frames which then are establish/installed
i . to ceiling and to walls. Hems in such locations are cover/coated
‘ f first with one layer ATIMKh-15, and by the then carpet material ATIMK
|
E* art. 131 {aircraft cover).
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Fige 41. Sound absorption by resonator sound absorber.

Key: (1). Absorption coefficient. (2). limit. (3). Glass silk. (8). .

Sound. (5)« Frequency in Hz.
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Page 61.

The depth of frame is determined depending on the fregquency

ccmponents of noise and can be from 2.5 to 10 c=n.

The lower than the frequency, facts deeper must be frame (at
frequency from 350 to 20 Hz the depth of frame pust be from 6 to 10
cm, at medium frequencies from 350-1000 Hz, the depth from 4-6 cam, at

high frequencies - is below).

Very high walls and the ceilings of special locations face for
the sound absorption of the wide spectrum by felt, mineral 6 or slag
wool, asbestos, which are held on the surfaces cf location by metal
by grids or the perforated/punched (area of holes must not exceed 0.2

areas of material) sheets of plywood.

For an increase in the sound absorption the upholstering of
walls with the aid of walls and the perforated/punched plywood one
should alternate. This facing can be prcduced directly on wall, but

for strengthening of its absorptive power, can it is fastened also to

frames. In that case sound-absorbing material (felt, etc.) is placed
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between two structural/design layers (grid) and is nailed to frame by

nails.

For a reduction in the noise from in-plant transport, must be

observed folloving:

a) rail tracks must be placed to the elastic vibrtion-insulating

basis/base, and the joints of rails are to te welded;

b) the bridge fabric of the main roads, which pass on the
territory of enterprise, must be cover/coated with asphalt; along the
sides of the road should be provided for are sound~insulating green

cultivations from the trees of leafy or conifercus rock/species.

T

T e e g TR S T T SR o i

e e i



DOC = 7723.‘206 PAGE |4¢

)
\"Pama dng nomosva u cmew Bes npoemod

R

25

\ N\ Pasmep no wupure cmens:

inf 1 _
Yyt~ =Pazmep ng Beicome cmenst

3 o o
\WPawa dng cmens: c npoemom

(T

25

()

& Pasmep no Bsicome cmens

A

Pasmep no wupure cmews/ -

<] o a

I

)

Fig. 42. Frame of air chamber for sound absorption.

Key: (1) . Frame for a ceiling and walls without apertures. (2).

Size/dimension on the height/altitude of vall. {3) . Size/dimension in

the width of walle (4). Frame for a wall with aperture.
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Page 62.

Individual protective means from noise.

Conducting of measures indicated above does not eliminate the
need of applying individual attachments for the protection of the
organ/controls of audition. The application/use of individual
attachments serves the target/purpose of the weakening of acoustic
wave by reflection and sound absorption of different frequemcy and
intensity and thereby of a change in the noise spectrum, which
reaches the organ/control of audition by sonic or bone reception.
This eliminates the threat of the mechanical damage of the
organ/controls of audition, it contributes to the weakening of the
irritating noise effect on central nervous system, to decrease in the
fatigue and to the prevention of emergence and developments of

occupational disease.

The harmful effect of noise gave rise to the numerous forms of
individual attachments for the protection of the organ/controls of
the audition: internal plug/silencers from different materials (for

the external auditory pass), antiphones, earphones, filters, helnets,

caps, ties, and so forth from the different materials. However, the
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hygienic and acoustic qualities of the resources of individual
protection under conditions of contempcrary producticn proved to be

insufficient.

By the author is proposed the nevw form of the attachment for the
protection of the organ/control of audition PAS-80 (Fig. 43), which
consists of the pair of the plug/silencers, connected by cross
connections of tapes/strip (galenite) rukber, covering not only the
pinna but also the located beyond it sound-transmitting part of the

skull (temporal bone).

Each plug/silencer is two-layered: its upper part is pressed
from the vinyl chloride plate with a thickness of 1.5 mam, which has
the coefficient of reflection a = 0.7-0.85, with its preheating to
110-125%; the second - from cardboard, who gives a reduction in the
noise in the range of low frequencies on 28-33 dB. between thenm is
made the packing of oakum (having the fibrillar structure of
Structure) or of felt (vith the coefficient of absorption r =
0.5-0.65), impregnated with paste of wax and technical vaseline in
equal portions (with the coefficient of abscrption r = 0.8-0.96) . For
an internal facing is applied the silk lov-napped velvet, which has

air micropores.

Regulating units make it possible to achieve the uniform and
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dense adjoining of attachment on the outline/contour of head.

Attac hment sharply changes the character of production noise, it
eliminates high-pitcheds sound, which effect on man on any level of
production noise, it protects from the breakage of the eardrum, it
does not allow/assume throughout workday of the appearance of "noise"
in ears, fatigue, headaches, vertigoes, feelings of depression, i.e-,

create normal working order.

Attachment PAS-80 does not have metallic parts and provides the
normal position of the pinna without pressure and any pains. It
satisfies also aesthetical (does not deform of face and head) and
hygienic (it is cleaned by fleece with gasoline or eau de Cologne)

requirements, has weight 105-175 g.

SRR
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Page 63.

Fig. 43. Attachment for the individual grotecticn of the

organ/controls of audition PAS~80. a) in operating position, b)

out-of-service.
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Page 64.

The results of testing the supressing properties of PAS~80 on

thresholds of auditory sensitivity are represented in Table 13.

puring correct control of the density of the adjoining of

attachment, its supressing ability is raised (Fig- 44).

Note. A change in the number of plug/silencer depends on a

change in the filler between its gas inclusions.
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f Table 13
s

k- -is \J“ g (\) Yacrora » 24

g araywk# | 105 | 950 | 500 | 1000 | 2000 | 3000 | 4000 | 6000 | 8000 | 10000

(")\ 3arayuetue B 00
X NAC-1 30 | 36 | 35 | 32 | 28 ( 32 | 39 | 51 | 48 | 43
: NAC-2 803l an i o5 Mo ISR gy 1 s3: ik ah il 40
naca | a8 | as | 28 | 27 | 33 | 38 | 51 | 56 | 54 | 38
TNAC-4 32 | 30 | 22| 21 | 25| 3 | 48 | 50 | 50 | 40

A TIAC-S 38 | 36 | 30 | 23 | 25 | 24 | 38 | 48 | 41 | 32
1 NAC-6 41 | 30 | 33 | 28 | 28 | 290 | 37 | 23| 23 | 38
¢ MAC7 38 | 32 | 27 | 25 | 29 | 35 | 46 | 54 | 47 | 40

Key: {(1). plug/sileacer. (2). Frequency in Hz. (3). Dampiamg in dB.

60 T
£ l 44*?‘“‘\
S50 A S W
= I I/'r/ \E 1
40— A= 3 e o
e A Nl
L e T B vy
£ ; e — g
S L LR sh i = 120 s | - L = s
t§20 il i l ‘ |
§ | i ] l |
g0 —
i | i i
X i
3 oL Ep S IS
w oS (= b oS S (=) >
© % 3 EEEEEEE

~
(Macmoma nponycxarus 8 eu

Fig. 44. Average result of testing the supressing ability of PAS-80

on the thresholds of auditory sensitivity.

Key: (1). Noise intensity in dB. (2). Frequency of tramsmission in

Hz.
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Page 65.

Reduction in the noise in design bureaus, laboratories and office

locations.

In the calm specially equipped with soundproofing and sound
absorption locations of nonproductive designation/purpose (design
bureaus, laboratories, etc.) the common/generalstotal maximunm
permissible noise level must not exceed 50 backgrounds. For the
prevention/warning of the disturbance/breakdown of silence in such

locations, it follovs:

a) to equip doors with springs with pneumatic regulator;

b) to cover sex/floor or passes or cloth strips of carpet;

c) to place rubber points to the supports (leg) of the moved

furniture or inventory (chairs, movable joiners benchhes, benches,

Kuhlmanns, etc.) or to cover with rubber the small vheels of legs;
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d) to establishs/install the noisy equipment of laboratory in the

chambers or the vitrified cabinets with sliding doors;

e) to replace ejector settings up with ventilation systenm;

f) to lay plates from the hair felt among table and instruments,

attachments, typewriter, etc.;
g) to mute telephone bells;

h) to conduct the service calls at half-vocice, at a 3istance

between collocutors on are more than V1 m.

After selection of one or the other resource of a reduction in
the noise for each work area, is develcp/processed working project by
the efforts of engineering and technical personnel of this enterprise

or special organization.

Measures for fight with production noise are included in the
plan/layout for the organizational and technical measures of plant

for the nearest period {(subsequent quartere. year) and are checked by

all collective of enterprise.

Por the purpose of a reduction in the production noise should to
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be carried out the reconstruction of the existing shops of special

designation/purpose on the projects, developed by appropriate

organizations.

TECHNICAL REQUIREMENTS WITH RESPECT TO NOISE ABATEMENT OF NEW

MACHINES AND MECHANISHMS.

The review of construction and the development of new noiseless
cr low-noise models of mechanisms must begin frcm research on the
spectrum the bag of the effective specimen/samples, establishment of
the reasons for emergence and emission/radiation of acoustic waves

and determination of technical requirements for the construction.

The common/general/total level of the noisiness of machine

tools, machines and production aggregate/units must not exceed 50 dB.

The common/general/total noise level of mechanism must be

brought in into log book.

As beginning in the use of intact reserves and possibilities of

a reduction in machinery noise one should ccunt:
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a) the correct selection of the schematic of mechanisa;

b) the replacement of reciprocating motion of parts by rotary

mctions;

c) the replacement of the percussicn of parts and asseablies

unstressed;

d) a decrease in the tolerances and clearances in the

articulation of parts;

T

e) the careful balancing of all driving parts of aggregate/unit; i

Page 66.

f) the replacement of the machining of the parts of mechanisas
by the manufacture of them by pressure casting, precision casting,
investment casting and by other new technolcgical methods of

groduction;

g) the replacement of metallic bearings by bearings froa

plastics or the pressed wood;

h) the replacement of antifriction bearings by slide bearings;
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i) the coupling of metallic parts with parts from the

nonsonorous materials: plastic, ebonite, fibrolite, Textolite, etc.;

j) the replacement of narrow straight-toothed gears by wide with
the herringbone or oblique arrangement of teeth, for an increase in

the evenness of transmission;

k) the selection of the number of teeth in accordance with

musical intervals;

1) insulation/isolation of the noisy assemblies of
aggregate/unit (gear reducers, the chain, serrated and other
transmissions, the colliding parts of engine) by means of conclusion
into special bellows with the structural/design cavities, filled with

damping materials (o0il, the slag cottomn, asktestcs grit, etc.):

m) the replacement of gear reducers by hydraulic reducers, the

chainy/catenary either gear drives - by frictional or hydraulic;

n) the insertion of the noisy assemblies of aggregate/unit to

oil baths:
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E o o) the careful assembly of aggregate/unit, the

exception/elimination of slants, eccentricity, etc;

p) the application/use between the parts of packing (impregnated ]
cardboard, plug, asbestos, rubber) and of spring damping washers in

the places of flexible members;

E q) the automatiom of launching/starting, stop and machine-tool

centrol;

X r) an all possible decrease in the surface of the reverberating

parts of the mechanism;

i

s) sould-proofing of the internal surfaces of the housing of
noisy aggregate/units by acoustic facing (nailmaking, braiders,
machine tools for working of hour stones, diesel and electric

motors);
t) the facing of the external surface of the housing of the
aggregate/unit, cap/covers, jackets and other exteriors by spackle,

by paint and varnish for a reduction in the radiating capacity;

u) the provision for a mechanism with the assembly of the

rapidly vorn parts and with command on correct cperation.
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For the prevention/warning of the appearance of jolts and and
noise-formation after arrangement/permutation and equipment

installation in shop, it is necessary:

a) the arrangement/permutation of noisy aggregate/units and

entire relating to them equipment to produce in separate locations,
after the sound-proofing partition/baffles, in the chambers, the
chests, the sections, which allow/assume contrcl by aggregate/unit

and observation of its work;

Page 67.

b) each mechanism, calling jolts, to establish/install in
individual foundation with damping packings or to the spring shock

aksorbers with sound-insulating block/backing under basis/base;

c) during assembly to establish/install personal responsibility
for correct fixation of mechanisms, for density and reliability of
fastening undercarriages, bolted joints, etc., for the elimination of

overhanging and eccentricity;

d) all aggregate/units, which create excessive noise as a result

e ST U g e ey 1 o




pocC = 7723&06 PAGE 20~ /(r 2-

of vortex formation or exhaust of air and gases (fans, blowers,
pneumatic ejectors, internal compustion engines, etc.) to supply with
special silencers with the outlet of the exhaust gas or air into

ventilation systems or special boxes;

e) during the assembly of ventilation systems to observe all
requirements, provided for in Section 6 of "measure for a reduction

in the production noise in the effective shcps";

f) in the places of a change in the direction of
conduit/manifold to make the smooth rotations (during a change in the
section/cut expansion angle must be not above 8-12° and welds must be

without projections and projecting edges),

In the avoidance of the growth/build-up, nct substantiated by
the need forl production noise, one should periodically reexanmine

existing technology:

a) noisy techmological processes to replace noiseless (forging
and stamping - by pressure, straightenings/trimming - by rolling,
riveting - by electric welding, pneumatic riveter -~ hydraulic, impact

- press, nail-makings machine - nail presses and so forth) ;

b) employ new types of technological
working: electric-spark, anode-mechanical,
chemical, ultrasonic, thermal, and so forth;
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v c) to select least noisy equipment and instrument;
d) to develop/process technical requirements by the new types of i
automatic or machinery and instrument;
4
e) to develop/process the special sound-deadening attachments,
creating the stability of parts during working and reliable

o attachment on machine toocl or bench, that eliminate sound formation.

TECHNICAL SPECIFICATIONS OF THE PLANNING OF NOISY PRODUCTIONS.

1. All productions and shops must be classed according to

loudness level {(harmfulness).

The permissible loudness level of noise of outside production

E . pust not exceed 50 dB by day and 40 4B at night.

2. All enterprises and shops where is exceeded permissible

? loudness level, must be arrange/located in areas or places, which

make it possible to observe establisheds/installed sanitary zone of

protection (breakage) from habitable structures and at noise

productions and shops (Fig. 45).
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3. Productions or settings up, which create intense noise above
130 dB and having free exhaust, must be arrange/located outside urban
feature, at a distance of several kilometers (according to
calculation) from nearest residential area from leeward relative to

prevailing winds of side.
4. Noisy shops or productions (nailmaking, rock-breaking, etc.)
rust be concentrated in one place and be arrange/located in territory

of plant from lee side (Fig. 46).

5. Structures of noisy production shops must be placed by

end-type facade or at an angle not more than 30° to other shops.

6. NOisy Shops or productions must be encircled by Jreenery (see

Fig. 46).
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Fig. 45. Circuit of the arrangement of plant of outside city.

Key: (1). Sonic ray/beam. (2). Plant. (3)« City. (4). Prevailing.

{5). difection. (6). Noise. (7). Winds.
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Fig. 45. In-plant planning of noisy productions< a, C) correct

planning; b) incorrect planning.

Key: (1)« Noisy production. (2). Calm sShops. (3).
Administritive-economic housing. (4). Street. (5). Noisy shop.
Technical shop. (7). Shop of average noisiness. (8). Offices.

Corridor. {(10). Noisy shop. (11). Calm shop.

(6) -
(9.
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Fig. 47. Dcuble partition/baffle with the layer of air and

sound-absorbing material.

Key: (1). Clinch rivet from strip iron. (1A). Felt antiseptizatione.
felt. (2). Clinch rivet from strip iron, tied up to fittings. (3).

Plastering. (4). Packing of antiseptization of felt. (5). Matte

finish from asbestos. filament or the slags. of cotton in gauze.

T C———
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7. Structural/design parts of noisy shops and productions must
be design/projected with thickened, heterogeneous multilayer walls,
which have air and attenuating layers, winding channels, built-in
resonance sound absorbers, sonic filters and sc forth (Fig. 47 and

-~

48) .
8. Must be provided for internal of facing of walls by acoustic
plastering on concrete or felt or by special accustic plate/slabs

from gypsum—asbestos or slag ccncrete.

9. Structural/design couplings of junctions of walls, weeding,
partition/baffles must be provided for with vikration-isolating and

sound-absorbing packing (Fig. 49, 50, 51, and 52).

10. Overlaps must be provided for weighted multilayer or special

(floating) construction (see Fig. 51).
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Fig. 48. Arrangement/permutation of the cushions in overlaps.

Key: (1). Roofing. (2). Parket. (3). Flooring. (4). Log. (5). Panel
bolster. (6). Felt 20 mm, put in order into amole. (7). Sand. (8).

Counterrecoil. {9) . Plastering. (10). Counterrecoil from plates.
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Fig. 49. Floating enclosure/protections,

Key: (1). felt. (2). felt sex/floor. (3). Rabitz wire netting. (4).

It is reinforced. detonation. (5). Springs. (6). Plastering. (7).

vertical constructions. (8). Thermo-IZol. (9). Spring. (10). Cement
filling. {(11). Metals the logs of spring. (12).
Thermo-insulation/insulating filling. (13). Channel bar. (14).
Holders. (15). Spring. (16). Channel bar. (17). Construction of
spring. (18). holder. (19). Load. (20). Plate/slab from slag wool.
(21) . Plinth. (22). Working diagram of spring suspension. (23).
Black/ferrous sex/floor. (24). Pure/clean sex/floor. (25). felt.
(26) . Pure/clean sex/floor. (27). Pergamyn. (28). Thermo-Izol. (29).
Black/ferrous sex/floor. (30). Cement filling. (31). Bitumen is

pergamyYn. (32). Thermal insulation. (33). Braces (34). Logs cement

filling. (39). Parts of the packing of the floating sex/floor.
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Fig. 50. Construction of those who float weeding.

elastic support, b) on logs with the cushions, c)

a) on continuous

the sound-proofing
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packing.

Key: (1). Air layer. {2). gap 10-15 mm is filled with packing of
elastic material. (3). Clearance 10-15 mm is filled with packing of
elastic material. (4). Parket. (5). Mastic. (6). Concrete layer. (7).
Rcofing (layer). (8). dense layer from elastic material. (8a). The
tackbone of the overlap. (9). Solution/cpening. (10). Cross bar.
(11) . Cardboard. (12). Black/ferrous sex/floor. (13). Log. (14).

Packing of elastic material. {(15). The backbone of the overlap.

Page 74.




DoC = 77231907 PAGE 10~ 175
/o

i, 2 ) //ﬂdﬁmg/c npubLmL K CmeHe

/ : Vipoxnadxa u3 anmucenmup. Bodnoxka unu
/anéemwdou Kkpowku B mewxoBune

%

/ Peu/(a

“

: 8 7258 S 17902074 30 I

7 : \iEgﬁ‘Qj?7<;,;>‘—;‘\\

4 g 2) fipoxnadxa  u3 awmucen-

7 5 ) mupob. bodnoxa 15

u Sl
s 3 Ynpycan
/ f @/ﬂﬂﬂbﬁﬂﬁ NpyxuHa

Fig. 51. Part of contiguity to the wall of the floating overlap.

Key: (1). Plinth drive against wall. (1A)« Facking of antisepticized

felt or asbestos grit in sacking. (2). Rack- (3). Packing of

antispeticized feit 15. (4). Elastic steel spring.
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Fig. 52. Suspension ceiling during spring suspensions.

Key: (1). Parket. (2). Flooring. (3). Rcofing or cardboard. (4).
Gypsums. of plate/slab 60. (5). Spring suspensicn. (6). Block/backing
from the anti-septa. of felt. (7). Striving from the bands. of iron
cf 50 X 3. (8). Matte finish from asbestos grit

{(departure/withdravals) in gauze 20. (9). Bars. (10). Plastering on

the Rabits wire netting.
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Fig. 53. Window with increased insulation/isolation. a and b)
locking, open/disclosed windows, c) nonopen/disclosed inspection
windows with high soundproofing, d) the fastening of glass, e) the

open/disclosed noise-reducing construction,

Key: {1). Normal-type locking. {2). Cement. (3). Glass. (4). Locking
with the increased soundproofing. (5). Wooden molding/bar. (6).
Glasso (7). Rubber. (8). Film/strip from microporous rubber. (9).
Microporous rubber. (10). Glasses. (11). Oak moldings/bar is fastened
with wood screws. (12). Window stool pamnel. (13). Porous sound
absorber. (14). Plastering. (15). Disinfected felt. (16). Disinfected
felt 10 mm. (17). Holes for ventilation. {(18). Air. (19). Impost.

{20) . WindoWw .... {(21). Cut/section on forams.

Page 76.

11. Quantity of apertures in noisy shops must be strictly

limitedly:
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a) light apertures must be provided for with multilayer glazing
(air gaps) and insulation/isolation of glass from material of frame

and, consequently, also from walls (Fig. 53);

b) for door apertures must be provided for dense massive doors
with packing within hair felt (Fig. 54) or with hinged/reversible
plate/bar for closing of slot between sex/floor and door ian the

absence of threshold (Fig. 55).

12. Packing of sanitary-enjineering equipment and communications
of shops (water-conducting, heating or sewers, assembly of lighting
system, radio, etc.) must be fulfilled with pressurized/sealed
fra:ing of holes according to entire thickness of walls (see Fig,

35).

13. Construction projects must be confirmed in division of
hygiene of work of Ministry of Public Health of USSR in accordance
with recommendations of institute of hygiene of work and occupational

diseases AMS [Academy of Medical Sciences] of USSR.

14, Construction work must be fulfilded in strict conformity

with project.
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Pig. S54. Door with the condensed locking.

Key: (1) . Part of lccking. (2)- shell. (3). Sealers of locking from

the rubberized fabric, packed with horse hair. (4). Panels of

thicknesses 5 cm into fourth., (5). Flannelette cn of anti-septa
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bovine felt. (6). Plastering is dry on asbestos. (7). Part of
threshold. (8). Plywood 6 mm. (9). Cover plates are fastened on wood
screvws for the possibility of the exchange of the sealer of
threshold. (10). Felt of thicknesses 5 mm in the dense rubberized

fabric. (11). Parket. (12). Asphalt. (13). Sand.

Fage 77.
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Fig. 55. The flap for a door without threshcld.

Key: (1). Size/dimension in the width of docor.

(3). rigid lining. (4). Door.

Rubber.

(5) Bolt.

(6)-

{2) . rigid washer.

Planck is wooden.
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