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Woodworking industry (chipboard, plywood production)

Carver operator : .
(veneer manufacturing) 93 Plywood cutting equipment Upto13
HRIREEP SR . 93 Veneer-cutting lathe Upto 13
(veneer manufacturing)
Chipper operator ;
(veneer manufacturing) 93-103 Drum chippers Upto 23
Raw material sorters at the I|n.e equipment 91 ) Upto11
(veneer manufacturing)
Food industry (packaging production)
PEKEr 82-83 Line equipment, conveyor lines Upto3
(food production, packing workshop) HEiR ' Y P
. Pack.lng 84.86 Line equipment, conveyor lines, Upto6
(food production, packing workshop) Up to 6 hand-operated tools
Pulp and paper industry (pulp and paper mill)
Papermaking machine operators 94-98 Papermaking machines | Upto 18

Tab. 1: Results of the workplace noise measurements of the vari-
ous industrial enterprises

As it can be seen from the table, significant excess of the ma-
ximum permissible noise levels (up to 23 dBA) can be set at
many workplaces of the enterprises of different industries.
The availability of such exceedances suggests the need for
the introduction of various complex noise mitigation measu-
res — construction and acoustic, organizational and technical,
taking into account all the equipment and premises charac-
teristics.

3. NOISE MITIGATION MEASURES AND MA-
NUFACTURING NOISE REDACTION SYSTEMS

Most often production facilities can be classified as a large-
_sized facility with a large (at least ~15) number of intensive
sources, which create excessive noise levels.

According to [2], noise abatement means can be applied
to the source (noise emission), between the source and the
receiver (in the way of noise propagation) and at the workpla-
ce (noise receiver). In general, people at workplaces or in the
immediate vicinity of the machine are exposed to direct noise
emission from the machine itself. Therefore, the most effecti-
ve solution to the problem of workplace noise reduction is to
reduce noise at the source (primary measures). Additional me-
asures applied in the noise propagation path (secondary mea-
sures) may be inconvenientin practical terms because of their
impact on production targets and processes. Therefore, when
assessing the state of noise reduction measures and methods
from the labour safety point of view, the main priority is to re-
duce the noise emission from the source.

3.1 Noise reduction casing for machinery

Noise reduction casing in some cases areé the only effective
means of reducing noise from the manufacturing machinery
or individual units. Noise reduction cover refers to the shell
of the free form, made of enclosing structures with necessary
ventilation and service openings, viewing windows, hatches
and doors, fully covering the entire noise source or part of it
with the aim of reducing air noise levels.

The minimum dimensions of the casing are determined by
the condition that no part of the machine is in contact with
the walls of the casing. Additional requirements for minimum

dimensions may be due to the electromagnetic field of =
machine.

In addition, the casing can cover the entire noise soum=
and be installed on the floor of the facility or the noisiest za™
of the machine due to the peculiarities of operation and mam:
tenance of the noise source and be attached to the F=me
through vibration insulating pads.

For the most efficient reduction of the sound powsr @
the noise emitted by the source into the surrounding s
as a result of installation of the noise reduction casing om =
source, it is necessary to carry out a test calculation of thems=
quired sound insulation of the casing.

The required sound insulation of the casing Reas.reg. 5.
is determined in eight octave bands with geometric me=m T
quencies 63 - 8000 Hz according to the formula (1):

=L-L_ 45
cas.req. perm
where

L is the octave level of sound pressure at the o

point from a single operating insulated machine 8
Lperm is the maximum permissible octave leve! o soumt
pressure at the reference point, dB. i

s wallis
oF e

Sound insulation of the casing depends on the ca
design and material, its shape and the availability
ficient sound-absorbing lining inside the casing, dust, ==
parts and transmission of the structural noise to The &5
When designing the casing, it is necessary to prec==
the required sound insulation of its walls. For a soiic ==
casing of the cubic shape (or in the form of a rectanoua &
allelepiped), completely covering the machine,
sound insulation Rf.req. for each face of the casing will &=
same and can be determined by formulas 2 and 3:

(a) for casings with sound-absorbing lining

=

the

R

cas.req.

R -10lga,

freq.

where

Rcas.req. isthe required sound insulation of the casimg, S8
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1 3 is the absorption coefficient of the lining deter-
mined by supporting documentation or reference
information;

= “or uncoated casings

= Scas
Rf.req.— R(as.req. - 1018;—: 3)
MEre
fo= isthe surface area of the casing, m?;
%, is the area of an imaginary surface closely surrounding

the noise source, m2.

~ zddition, it is significantly dependent on the number of

=ning windows, communications exit points, availability of
scies, the need for supply and release of the air from under
+e casing, the removal of dust, treated parts and the trans-
mi=sion of the structural noise to the casing. In casings with
ses=rogeneous structure the average sound insulation of the
=<ing faces Rf.a. should not be lower than Rf.req.and itis de-
=rmined by the formula 4:

Reo =10lg 1018 = 215 )
j=

1 Srlo—O.lRl'

- B
N

X

are respectively area, m? and sound insulation, dB, of
the element in question;

n is the total number of face elements with different
sound insulation.

sccording to [3], the following five groups of casings are dis-
“mauished depending on the differences in sound levels or (as
= oreliminary estimate) the difference in A-corrected sound
~r=ssure levels in the octave band with an geometric mean
#=quency of 500 Hz without the casing and with the casing
=< the acoustic requirements for the casing, dBA:
= upto 10 - no special requirements for the casing;
= from 10 to 20 - typical casings, without significant leakage
of sound;
from 20 to 30 typical casings with carefully excluded leak-
age of sound and flexible machine installation;
= 30 to 40 - carefully designed and assembled high perfor-
mance casings;
= more than 40 - special casing designs.
= “llows from the abovementioned, that the effeciency of the
~=ise reduction casing provides high performance for its ap-
~ication as a noise protection measure. But the main disad-
antage of noise-reducing casings is the complete covering
= the production machinery and, as a result, the inability to
~e-form manipulations beside the plant, if required by the
=cnnological process (conveyors with elements of manual
mbly, welding and hand tools, stamping, sheet bending
hines and guillotines without installed automated control

1.2 Screen-baffle at the workplace

nstallation of the baffle as one of the noise mitigation
—=z2sures is aimed at reducing the direct sound of the source
=~ its way to the workplace.

n this case, the installation of baffles with a height of at
=25t 3 m is considered most often, and to achieve the great-
=fficiency - with curved in plan at 45° ypper edges. The lin-
= dimensions of the baffle must be at least three times the
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linear dimensions of the noise sources. U-shaped screens are
preferable. Depending on the operations performed by the
employee, the baffle can be mad sparent materials

and/or equipped with 2 transparent part f

L§

It is worth noting that the production of baffles from opaque
materials using sound-absorbing material inside/outside the
structure will also increase the efficiency of the measure.
When the screen is installed in 2 room, its efficiency is
reduced due to the zppearance 0 ted from the
surfaces of the room and the so er noise
sources located in the room. The va e sound pressure
octave levels reduction in the reference point 21 joint applica-
tion of screens and sound-zbsorbing dadding when there is
no more than one screen onthe s from
the noise source to the referan sing

the formula 5:

w

AL=L-1_

Where
L is the octave sound pressur
point of the room without s
and without scr

Lscr isthe octave sounc ore
ence point after instz
constructions (lining
formula é:
Lscr =Z:‘=1ad1r110°”"_""‘ hd :1=‘ Tor i g :—.’,__“-:.}‘;“.‘ 5
where
gir.i is the coefficient O Zmg the contribution of
the direct sound at the r=fics=mc= point from the ™
source;
Lwi is the octave sound power iewel of the ™ noise source,
dB;
ALgeri s the acoust
Qreflli

of the noise barrier
conditions can pro
tion environmen
ment per unit ar
has small sound abs
the reflected nc

measures
teristics of t
absorption) with

area, the maxamum

m
w

t the measures in many
r lines, operators, hand-op-
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3.3 Improving the acoustic performance of the premises -
implementing additional sound absorption
The production facilities of the abovementioned indus-
tries most often have sufficiently large production areas and,
as a rule, relatively small equivalent sound absorption areas,
which creates significant levels of reflected noise. Therefore, in
addition to reducing the direct noise from the equipment, it
is necessary to reduce the reflected noise. One of the ways to
reduce noise in the premises is their acoustic treatment, which
includes:
1. Facing of the internal surfaces with sound-absorbing ma-
terial or special sound-absorbing structures;
2. Installation of the single-piece sound absorbers (in close
proximity to the noise source partially reduces the direct
sound intensity).

The most efficient sound-absorbing lining and single-piece
sound absorbers are in the area of reflected sound, far from
the source, because the sound field in these areas is deter-
mined mainly by the energy density of the reflected sound
waves.

Sound-absorbing lining is usually placed on a ceiling and
walls of the premises (the top part). In the premises with a
height of more than 6 meters it is recommended, if possible,
to install the suspended ceiling. To achieve the greatest effect
it is recommended that the lining is not less than 60 % of the
area of the premises surfaces. [5]

For an acoustically untreated premises, the premises con-
stant (B, [m2)) is determined by reference data or by calcula-
tion taking into account the sound absorption coefficients of
all enclosing surfaces in the premises.

To calculate the efficiency of the measure, the formula 7 is
used, which allows to evaluate the efficiency of noise reduc-
tion in the premises when using sound absorption means:

AL, =101 A,

«=10lg A 7)
where

A1 and A2 are equivalent areas of sound absorption in the
premises before and after using sound-absorbing material,
respectively:

(8)
9)

where

«;,, i, and Siy, Si, are, respectively, the sound absorption co-
efficient and the area of the ith enclosing surface (m?) before
(index 1) and after (index '2’) the acoustic treatment [6].

For rooms with the same type of equipment, when the av-
erage range of sound pressure is known, as well as for rooms
without its own noise sources, the design of sound-absorbing
cladding can be selected without prior calculation. Thus ac-
cording to the table [item 8.5 [5]] of acoustic characteristics
of sound-absorbing facing the designs with the most suitable
frequency characteristic of sound pressure in the considered
room are selected.

The maximum possible reduction of sound levels in pro-
duction facilities with the introduction of the maximum possi-
ble sound absorption area for sources with a pronounced mid

- and high-frequency spectrum (since the greatest efficiency
of absorption of ZPM lies in this range) can reach 8-10 dBA
the reflected noise zone.

It is also important that ZPM is also a mandatory elemen=
of such noise protection structures as soundproof enclosurss
shelters and noise dampers (in the area of noise damping v==
tilation systems).

3.4 Noise dampers for ventilation systems

High workplace noise levels can often be caused not omu
by direct noise emitted by the manufacturing machinery. Dust
also by noise from ventilation systems that contribute gr==il
to the overall noise levels (background levels) in the procius
tion facility.

At the same time, the machinery can be locatec = =&
manufacturing premises (supply and exhaust systems =
heaters, air conditioners), as well as installed on the ent=rmmss
premises (chillers, fans, refrigeration units, etc.) and hawe=i
harmful effect as a direct noise source or penetrats iz T
production facility through the enclosing structures TN
and doorways.

In ventilation equipment, the source of radiation = e,
and the noise is emitted as a secondary source throwa® S
open ends of the ducts in which the fan is locatec.

The main noise mitigation measure for the vermismmm
units is using noise-reducing mufflers, as the desicn ST
of the muffler are optimally suited for their instz ==am
air duct ends.

When determining the required noise recuctor wr
reference points in the premises protected from the M
ventilation, air conditioning or air heating syst=7= ="
number of noise sources taken into account snowic 5=
ed in the calculation of the required noise recucmms &
supply or exhaust system fan (calculation of the ==
fler) - the number of systems serving this facimy =i ‘
the reference point). Otherwise noise levels from =
tion systems can be determined based on mezsur=me
other sources (machinery) disconnected.

It is necessary to apply absorption muers s
lindrical, plate-like, channel) as noise mufflers of The
tion systems, air conditioning and air heating = T =
- chamber mufflers and the air ducts linec &
sound-absorbing materials and their turns. T
muffler is selected depending on the size o == &¢
the permissible air flow rate. The approxima=
muffler in the form of a set of chambers =
formula 10:

L = 22, 103

where
A, = S, is the sound absorption of 2 singie CTamE=S
s,na; arethe area and sound aDsorpTom CHETIEE

it" chamber, respectively; n-numer o &5
The required cross section of the m Cer = i
formula 11:

_ O
Sa d3em

where
Q. is the volume air flow rate through She il
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e permissible air velocity in the muffler

- ’

2m/s).

“l= e noise emitted by the air duct walls, they are in-
w20 additional sound insulation coating (SIC).
¢ msulation cabins
==tors of manufacturing machinery, which can be
== remote control and do not require operator’s in-
= the process for the purpose of control and man-
wn. ¢ = recommended to use sound insulation cabins.
s msulation cabins, depending on the application,
w=s m0 two groups: the first group includes control
= cabins used in production facilities, which we
e = consider, are called stationary, as well as the sec-
W - m=nsportation vehicle cabins.
2zbins, in turn, are divided into frame and fra-
_=nrs zre assembled from: prefabricated elements,
. == ouilding structures with high S, lightweight
= =

Rl 22

classified into four categories according to
e insulation (Tab. 2).

Tose Slused

Ordinary SI
Assembled from prefabricated panels

Made of lightweight prefabricated
structures

I=-£3 Heavy Sl

Ml cimssification according to SI

o is made in accordance with the exceedance

not
'S m? per worker. Cabin height shall be
2.5 m.The size and shape of the cabin should
mmmec 1o suit the dimensions of the equipment
Wi = = nzccordance with the requirements [7].
w= amz ocztion of the cabin windows should be cho-
w0 2ccount the possibility of a good overview
smwoment and manufacturing process control at
= oroduction site. It is necessary to provide for
Wiy of safe periodic cleaning of the cabin win-

“iEmor 2nd maintenance of the optimum temper-
“mme e czbin, it must be equipped with air con-
w w mmnnected to the general shop heating and

T SeSo=

of the cabin shall be lined with sound-
g or structures. For sound-absorbing

. =mmmmended to choose non-combustible ma-
s zbsorption coefficients from 0.5 t0 0.9 in
=20n where the greatest noise reduction

; == 0'e to equip workplaces according to [8]
0 e =00, For quick information exchange be-
=l directly servicing the manufacturing
amz e dispatcher, the cabin shall be equipped

cztion equipment.

b
14}
- |
)
1
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6. Places of cables and pipelines input through cabin walls
shall be sound- and vibro-insulated. The number of indi-
vidual holes in the cabin walls and intersections should be
reduced to a minimum due to the arrangement of collec-
tors. Cabins made of prefabricated elements must have a

minimum number of seams and joints.

To verify the sufficient airborne n ation of the designed
cabin, it is necessary to carry out 2 test calculation of the ex-
pected noise reduction provided by the cabin Rcab, dB, ac-
cording to the formulz 12

R_=10igB —10ig) S-10" 12)
where
S,R, are the values of the i

lation of the individuzl czbi
respectively;

Ve is the acoustic constant of the czbin compartment, m?,
determined by the formulze 13 74
Vet 13
vy . S+Y A
= - 14)
C": <
where
a, is the average sound absorption cos™cent of the sur-
faces in the compartment
a; is the reverberation coefcent of the surface slement
sound absorption withthe are= S ™
n is the number of surfaces in the room
A is the equivalent area of sound zbsorbers In the com-
partment (in this case A =0, since k=0 — the number of
single-piece sound absorbers in the compartment
S is the total area of the surfaces in the =0 compart-

ment, m?.

It follows from tab. 2 that sound

high efficiency of noise reduction
a great advantage of this workplace noise mTic
However, its use is limited, as it can be
all manufacturing machinery can be

ufacturmg process for control a
necessary.

4, CONCLUSION
According to the results of in situ noise level measurements
over the last 3 years, at many enterprise workplaces in differ-

ent industries significant exceedanc
missible noise levels (up to 23 d2. n be identified. Avail-
ability of such exceedances suggests the need for introducing
a set of various noise mitigation measures — construction,
acoustic, organizational and technical, taking into account all
the machinery and premises cnaractens’ac&

In order to comply with the maximum permissible noise
levels, various types of structures are used, aimed at reducing
both direct and reflected noise, and reducing noise levels on

of the maxi

mum per-

)
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its propagation path. Tab. 3 shows the estimated efficiency of
the most common noise reducing structures.

No. | Noise mitigation measure title Estimated efficiency
1 Noise reductngn casing for Up to 40 dBA
machinery
2 Screen-buffle at workplaces Up to 5 dBA
3 Introducing additional sound Up to 10 dBA
absorption (reflected noise)
Up to 15 dBA
4 Noise mufflers for ventilation (only in relation
systems to the ventilation
system)
5 Sound-insulated cabins Upto 25dB

Tab. 3: Estimated efficiency of the abovementioned measures
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