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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Several standards specify methods for measurement and/or evaluation of noise. The final objective of
the ISO 11690 series is noise reduction.

A number of noise control measures are offered. However, in order to be effective, the most appropriate
noise control measure(s) should be chosen for a given situation.

It is important when non-acoustic engineers are involved in noise control practice for these engineers
to have a basic knowledge of noise emission and propagation characteristics and to understand the
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C principles or noise control.

hssist in the development of noise control in the workplace, it is essential thathe i

rder to reduce noise as a hazard in the workplace, individual countries have producg
slation. Generally, such national legislation requires noise control measubés to be car
br to achieve the lowest reasonable levels of noise emission, noise immission and noise
ng into account:

known available measures;

the state of the art regarding technical progress;

the treatment of noise at source;

appropriate planning, procurement and installatign of machines and equipment.

5 document, together with the two other parts ih the series, outlines procedures to be
n dealing with noise control at workplaces; within workrooms and in the open. These rec
Ctices give in relatively simple terms the basic information necessary for all parties involy

red noise control requirements.

purpose of the ISO 11690 series'is'to bridge the gap between existing literature on noise
practical implementation of fieise control measures. In principle, the series applies to all y
its main functions are:

to provide simple, briefinformation on some aspects of noise control in workplaces;

to act as a guideto help in the understanding of requirements in standards, directives,
manuals, repdrtsand other specialized technical documents;

[SO &1690 series should be useful to persons such as plant personnel, health and safé
in€ers, managers, staff in planning and purchasing departments, architects and suppliet

ma

fained in these recommended practices is disseminated through International Standardy.

to provide'assistance in decision making when assessing the various measures availablg.

hformation

d national
ried out in
exposure,

considered
bmmended
ed in noise

frol in workplaces and in the design ofJew-noise workplaces to promote the understaniding of the

rontrol and
vorkplaces

textbooks,

ty officers,
s of plants,

hines and equipment However, the abhove-mentioned parties should kppp in mind that

adherence

to the recommendations of the ISO 11690 series is not all that is necessary to create a safe workplace.

The effects of noise on health, well-being and human activity are many. By giving guidelines for noise
control strategies and measures, the ISO 11690 series aims at a reduction of the impact of noise on
human beings at workplaces. Assessment of the impact of noise on human beings is dealt with in other
documents.
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Acoustics — Recommended practice for the design of low-
noise workplaces containing machinery —

Part 2:
Noise control measures
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Scope

5 document deals with the technical aspects of noise control in workplaces.-The variou
isures are stated, the related acoustical quantities described, the magnitude of noisg
ussed, and the verification methods outlined.

5 document deals only with audible sound.

Normative references

following documents are referred to in the text in sd¢h”way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

11690-1:2020, Acoustics — Recommended practice for the design of low-noise workplaces
hinery — Part 1: Noise control strategies

Terms and definitions
the purposes of this document, the:terms and definitions given in ISO 11690-1 apply.

and IEC maintain terminolegical databases for use in standardization at the following ad

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia; available at http://www.electropedia.org/

Technicalaspects of noise control

e reduction measures can be applied at source (emission), between the source and t

(transmission path), and at the work station (receiver) (see Figure 1).

s technical
reduction

Pir content
pplies. For
[s) applies.

containing

dresses:

e receiver

Wh

bn-dealing with the noise emission of a machine, an installation or a production proc

ss, etc., all

possible noise reduction measures should be considered (see Clause 5 and ISO 11690-1). To determine
whether noise emission is the lowest level feasible, it is necessary to consider noise emission quantities;
these are given in the noise emission declaration (see ISO 11690-1:2020, Clause 8) or determined by
measurements (carried out in compliance with the relevant standard).

An assessment of noise control devices such as enclosures, partial enclosures, barriers and screens,
silencers, etc. can be carried out by using, for example, the insertion loss data (see 6.2).

The acoustic quality of workrooms and buildings is assessed with reference to the sound insulation
regarding airborne and structure-borne sound (see 6.4), and that of workrooms with reference to
sound propagation parameters (see 6.3).

© IS0 2020 - All rights reserved


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=906f11c2fcb134fee986ea17935f98aa

ISO 11690-2:2020(E)

The overall effectiveness of noise control measures is determined from the noise immission values at
the work stations.

Generally, people located at a work station or in the vicinity of a machine are affected by the direct noise
emitted by the machine. Therefore, to reduce noise in the workplace, the most effective solution is to
reduce noise at source (primary measures). Additional measures on the transmission paths (secondary
measures) may be impractical because they hinder the work task and the production process. When
assessing the state of noise reduction technology, low noise emission of sound sources is therefore
given high priority with regard to occupational safety.

The basic aspects of noise control (see also ISO 11690-1) are illustrated in Figure 1. These are reviewed
in Clauses b to 7.

Receiving point
i Transmission path .

Noise source p (work station)

Reducti f Increase of transmission Reduction of noise
ion T
no‘ieseugm(i)ssioon loss/insertion loss immissioh Jnd
noise.exposure
(Primary noise control) (Secondary noise control)

Figure 1 — Basic aspects of noise control

In order t¢ minimize noise at the workplace, all noise contrpl measures should be considered [see
Figure 2).

| Noise contrel |

Use apd development of low- Use of noise eontrol measures on Use of noise control
noige emission technology thetrahsmission path at the work station
- seleftion and use of low-noise Airborne noise - cabins
workjng process “Tocation of source - screens
~enhclosures - breaks taken in quiet environment
- seleftion and use of low-noise = mufflers
machfinery - absorptive treatment

- screens
- partitions, etc.

Structure-borne noise

- vibration isolation

- floating floors

- construction joints of building
elements, etc.

Figure 2 — Steps for the implementation of noise control measures

Noise control is most effective if it is carried out when planning, modifying, changing existing
machinery or equipment, or when acquiring new machinery or equipment in plants, workrooms and
buildings. From the outset, all parties involved (see ISO 11690-1:2020, Clause 6) and, in particular,
the noise experts, should take part in the process. Noise control measures are most effective if they
are integrated at the design stage of machines, production processes, workrooms and tasks (see
ISO 11690-1:2020, Clause 7). Machine operation, material transport, safety technology, ergonomics and
environmental protection should also be considered at that stage.

2 © IS0 2020 - All rights reserved
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Noise control at source

General

The measures described in this clause deal with the reduction of noise generated by working processes
and machines. They should be implemented at the design stage because retrospective measures can
affect operational requirements and are generally more expensive. However, they are also recommended
for existing noise sources, when practicable.

Control of noise at its source in workplaces deals in partlcular with the noise reduction of existing
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replacement of machine parts and the assessment of the results obtained.

effectiveness of noise control at its source is based on measurements and/is a
parison with the noise emission data, for example, provided by the supplier/manufa
11690-1:2020, Clause 8).

Noise control at source by design

en machine noise (or noise from technical production equipment)is’considered, two tyq

pration.

d dynamic noise arises from temporary fluctuations_in'pressure and velocity of fluids
combustion processes, fans, blow-out openings and hydraulic systems.

hanically-generated noise is caused by vibrations of machine components that are
amic forces which are generated, for example,\by impacts or out-of-balance masses. The
transmitted to noise-radiating surfaces, such as machine casing, workpieces, etc. Ex

T2 3

h-wheel gears, electric motors, hammers;shakers and mechanical presses (see Figure 3].

chnologies,

bsessed by
Cturer (see

es of noise

eration should be distinguished: fluid dynamic noise generation(gas and/or liquid) and fnechanical

Examples

excited by
vibrations
hmples are

Key

BwWw N R

excitation
machine
transmission
radiation

Figure 3 — Generation process of mechanical noise

In order to control noise at its source, the noise-generation mechanism should be taken into account.
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Examples of reduction of fluid dynamic noise are the following:

a)

b)

<)
d)

reduction of flow velocities (e.g. speed-controlled fans);

reduction of periodical pressure fluctuations at the excitation source (e.g. in-line hydraulic
dampers);

avoidance of sudden changes in pressure (e.g. graduated vs abrupt transitions in HVAC ducting);

effective design of through-flow components (e.g. design layouts that do not put obstacles
immediately in front of air movers).

Examples ¢f reduction of mechanically-generated noise are the following:

e)

f)

g)

h)

sound;
(castifon)];

reductfion of exciting dynamic forces (e.g. by means of elastic layers to extend the impulse durat

hCts);

reductiion of the vibrational velocity of the machine structure at the excitation;point for a g
dynantic force [e.g. by means of stiffeners or additional masses (inertia blocks)];

reductfion of the vibration (structure-borne sound) transmission from the.excitation point to
radiating surfaces [e.g. by using elastic elements and materials, with high internal damping

reductiion of the sound radiated by a vibrating structure, for example by use of

n walls with ribs instead of thick stiff walls,

— damping layers on thin metal sheets,
perforated metal sheets (provided noise insulation is not required);

sound{insulating wrappings or thick-walledstructures (thin damped metal sheets near
radiating surface).

Further information on reducing noise at itgsotuirce can be found in ISO/TR 11688-1 and ISO/TR 1168

5.3

Fmation on noise emission

In addition to the information-on’ noise emission given by suppliers/manufacturers in techn
documentdtion (see ISO 11690-1:2020, Clause 8), there may be measures specific to industrial sect
Information on such measures can be found in databases, professional magazines, trade associa

journals, e

C.

For some 1hachine famiilies, there are lists of noise emission data obtained under specified opera

conditions
Annex A).

5.4 Use

Theselists can help purchasers selectlow-noise machines/equipment (see ISO 11690-1:2

—e

on

ven

the

the

ical
or'sS.
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[ing
20,

oI Iow-noise macnines

In some circumstances, rather than implementing costly retrospective noise control measures, it is
feasible to replace a noisy unit in a plant with a low-noise one (see Table 1).
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Table 1 — Examples of alternative processes with lower noise

High-noise processes

Low-noise processes

Percussion riveting

Compression and roll riveting

Drive by compressed air or internal combustion engine

Electrical drive

Cutting or making holes in, for example, stone or con-
crete by the use of pneumatic or internal combustion
percussive machines

Use of machines that can be fitted with drills or circular
saw blades equipped with diamond teeth

Hedding in the die

Tapering/full-forward extrusion

Pugh cutting

Pull cutting

Flo drying

Radiation drying

Plapma oxygen cutting

Plasma cutting under water

Cutiting shock, punching

Laser-beam cutting

Conjventional TIG/TAG welding

TIG/TAG shielded arc welding

Flame-hardening

Laser-beam hardeninhg

Fastening with rivets

Pressure fixing

Strpke forming Hydraulic préssing

Spdt welding Seam welding

NOTE1 A change of the material and/or form of the component under manufacture may allow the use pf low-noise
profluction processes.

NOTE 2 This listis by no means exhaustive.

There are also noisy operations which are not connected with fixed machines, for example frjom the use

of Wand-held tools. These can often be the dominating noise sources in a workroom. If care

is taken in

seldcting the tools or the working arrangenient (e.g. sound-deadened hammers, cushioned work tables,

lowtnoise grinding discs, magnetic damping mats, etc.), considerable noise reductions can K

as shown in Figures 4 to 7.

e achieved

© IS0 2020 - All rights reserved
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>4

110 Hﬂ,\
100 /

90
</}//

80 &

70

125 500 2000 8000 X
250 1000 4000

X  octave-pand frequency, in Hz

Y A-weighted sound pressure level at the work station, in dB
2 Convenfrional steelhammer, L, = 115 dB.

b Sound-fleadened hammer (with little recoil), Ly, =107 dB.

Figure 4 — Example of sound pressurelevel during hammering

Y
110

100

90

80 //
70

L
| (!’
125 500 2000 8000 X
250 1000 4000

X  octave-band frequency, in Hz

Y A-weighted sound pressure level at the work station, in dB
2 Hard grinding wheel, L, = 100 dB.

b Bonded abrasive grinding wheel, Lpy=89dB.

Figure 5 — Example of sound pressure level when grinding during the cleaning of a cast iron
electromotor housing
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Y
120
110
100
/
/
90 s
/
80 “
a b c

Y |A-weighted sound pressure level, in dB

a  |Steel working plate, 25 mm thick.

b [Steel working plate, damped by viscous material, 40 mm thick.
¢ |Steel working plate, 200 mm thick.

Figure 6 — Example of sound pressure level when hammering

Y
110

/ﬂ
100

24

AN
o
]

80
1

70

125 500 2000 8000 X
250 1000 4000

X |octave-band frequency, in Hz
Y |A=weighted sound pressure level at the work station, in dB

3 "Without magnetic mat, L, = T11 a8
b With magnetic mat, L,,=102dB.

Figure 7 — Example of sound pressure level when grinding a steel plate

5.5 Modification or replacement of machine components

It is possible, by replacing or modifying machine components, to reduce noise transmission inside the
machine and noise radiation by the machine surface, without affecting performance. Annex A gives
examples of such noise reduction measures.

© IS0 2020 - All rights reserved 7
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5.6 Low noise working and production technologies

It is always beneficial, if feasible, to replace a particularly noisy machine or unit in a plant with a
quieter one, for example by using a machine that works to a different principle (e.g. replacing an impact
screwdriver by a continuous direct-driven screwdriver).

With regard to existing processes, particular attention should be paid to the possibility of substituting
the process with an equally effective but quieter method.

When substituting a production process, low-noise alternatives should be systematically searched for.

The succe >
term lead o quieter working environments even though low-noise machines have to be positi
alongside gxisting noisy ones.

5.7 Maintenance of machines and noise control devices

Noise emis
poor lubrig
be maintai

sion levels from machines or processes can be unnecessarily high due to lack of maintena
ation, misalignment, unbalanced and loose parts, etc. Optimum operating conditions sh
hed at all times. Any maintenance defect normally increases the neise‘levels.

nce,
uld

Maintenan
screens an

ce of noise control devices is also of prime importance. Therefore,'the integrity of enclosures,
 silencers should be carefully monitored.

6 Noisg control on the transmission path

6.1 Noide control by means of a proper spatial arrangement of the noise sources

ork
be

An optimiz
stations. T
considered

ed spatial arrangement of machines can provide a substantial noise level reduction at w
his is mainly applicable when planning, new plants and installations but should alsa
for existing plants.

Noise redu ork

stations (s¢

ction can be obtained by incredsing the distance between the noise sources and the w
pe Annex B).

6.2 Use pf noise control devices

Enclosureq (see Annex C), sileficefs (see Annex D) and screens (see Annex E) can be effective measyres
for the redfiction of the noise,emitted from machines, installations, piping systems and openings.

An enclosyre is a struc¢ture completely surrounding the machine or installation. It consists main{E/ of
a sound-insulating shell (metal, wood, concrete, etc.) with and without an internal sound-absorlping
lining. The achievable noise reduction depends on the insulation of airborne sound provided by|the
shell and dn the\degree of absorption by the internal surface of the enclosure if absorption exists. In
practice, it[isimited by openings, ineffective seals and by transmission of structure-borne sound. This
limitation camrbemintmized by ubiug Mreasuressucihrassiterced Upcuiugo.

The effectiveness of noise control by using enclosures, silencers or screens can be measured and assessed
by the insertion loss, the transmission loss and the reduction of sound level (see ISO 11690-1:2020,
Clause 3, for definitions).

6.3 Noise control by use of sound-absorbing materials

The relationship between noise emission and noise immission is determined by sound propagation
(see ISO/TR 11690-3). Sound propagation and therefore the acoustical quality of a room are influenced
by the treatment of surfaces (ceiling and walls) by using sound-absorbing materials, which should be
selected in relation to the frequency spectrum of the noise. For attenuation of noise at low frequencies,
the use of absorptive materials is less effective.

© IS0 2020 - All rights reserved
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Noise in rooms consists of direct noise from sources and reflected noise from room boundaries (floors,
walls, ceilings, other equipment, fittings, etc.). Absorptive surface treatment reduces exclusively the
reflected noise.

It is possible to assess the acoustical quality of a room and therefore the effectiveness of a surface
treatment by using the sound propagation quantities, e.g. the rate of spatial decay (DL,) and the excess
(DL¢) of sound pressure levels. These quantities are derived from the spatial sound distribution curves
(see ISO 11690-1 for definitions and also ISO/TR 11690-3). Recommended values of DL, are given
in ISO 11690-1:2020, Table 3 (see also Table 2 of this document). The assessment can be made from
quantities measured (see Clause 8) or calculated using noise-prediction methods (see ISO/TR 11690-3).

T3

descriptors DL;and DL, in the middle region

ble 2 — Typical values for the mean sound absorption coefficient & and sound prdpagation

Lo a DL DL,
Description of rooms
dB dB

With small/intermediate volume (V < 10 000 m3 and <02 81013 [ to 3
h <[5 m) without absorbing ceiling, empty ’
With large volume (V> 10 000 m3 and h = 5 m) without 02 609 25 to 4
absporbing ceiling, with fittings ’
Allrooms with absorbing ceiling, with fittings >0,3 5to8 35to5
NOTE DL is the excess of sound pressure level. DL, is the rate of spdtial decay of sound pressure levels per distance
doupling. See ISO 11690-1 for definitions.

The

abs

diff

Gen

acoustical quality of a room is best if DL; is low and.'DL, is high. Typical values for ave
prption coefficient and for sound propagation parameters DL, and DL; are given in ]
brent types of rooms and surface treatments.

erally, industrial noise lies in the frequency range 500 Hz to 2 000 Hz. In such situ

Fage sound
[able 2 for

ations, the

follpwing reductions in sound pressure level relative to rooms with hard walls and ceiling may be

achjeved.

a) |Inthe near region, the reductiofi of the A-weighted sound pressure level is in the range 1 dB to 3 dB
because surface treatment has very little effect (see ISO 11690-1 for definitions).

b) [In the middle region, thisxréduction is usually between 3 dB and 8 dB.

c) |Inthe farregion, itusually lies between 5 dB and 12 dB, depending on the room dimensi¢ns and the
extent of wall treatment and fittings.

In qrder to assess‘the effectiveness of a surface treatment outside the direct field, distinc§ion should

be made between rooms with and without diffuse field conditions (see ISO 11690-1 for defihitions and

alsqg Annex-Fand ISO/TR 11690-3).

Typical{spatial sound distribution curves in rooms of different shapes and sizes before
instiallation of a variety of surface treatments are given in Figures 8 and 9.

and after

© IS0 2020 - All rights reserved
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©
~ 4
L
| ‘ |
1 10 100X
Key
X  distancp from source, in m
Y sound pressure level, Lp, in dB
1 reflectipg floor, walls and ceiling
2 with absorption at ceiling
3 with absorption at ceiling and walls
4  withouf reflections (free field)
NOTE All three dimensions of the room are of the same ofider of magnitude.
Figure § — Typical spatial sound distribution.curve for a room with diffuse field conditiong,

10

without and with several surface treatments
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noi{
(sed
be 3

Mot

6.4

Tra

100 X

distance from source, in m

sound pressure level, Lp, in dB
Scattering objects and reflecting ceiling
Scattering objects and absorbent ceiling
without reflections (free field)

E The height of the room is much smaller than theother two dimensions.

Figure 9 — Typical spatial sound distribution curve for a fitted room without diffu
conditions, with andywithout sound-absorbing ceiling

combination of surface treatmént and noise barriers is normally quite effective and
e level reduction which is substantially higher than that obtained with only one of thes
Annexes E and F). In additien to the noise reduction which can be measured objectively
n important subjective improvement.

e information on sutface treatment is given in Annex F.

Sound propagation in structures and noise control measures

hsmission0f airborne noise into adjacent rooms or into the open is reduced by increasing

ins

Pro
onc

lation.of walls, ceilings, windows and doors (see Annex H).

se field

leads to a
b measures
L there will

b the sound

eliminate

agation of structure-borne sound should be prevented initially as it is very difficult t

rne sound

(see Annexes G and H) should be considered at the planning stage, otherwise their implementation may

not

7

be feasible.

Noise control at the work station

Noise control measures at the source and on the transmission paths can be supplemented by further
measures taken at the work station, for example with screens and cabins (see Annexes E and I).

© IS0 2020 - All rights reserved
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8 Verification methods

8.1 General

Sound sources, noise control devices, sound propagation, noise levels in workplaces and sound
insulation of buildings are described by acoustical quantities. These acoustical quantities and sound
level reductions by means of specific measures are frequently determined or agreed upon in plans,
programmes and contracts. The value of these acoustical quantities and the success of noise control
measures should be verifiable in situ. When comparing these values with the verified ones, the
uncertainty should be taken into account.

8.2 Sound sources

hise
rds

The declaffation of noise emission can be verified by using the methods given in ISO4871. N
emission dpta should be verified by using the machine-specific noise test code and the basic stands
ission measurement (the ISO 3740 series, the ISO 9614 series and the SO 11200 serles).
When verifying the declared values, it is essential that the operating and mounting‘conditions are|the
same as those specified in the noise emission declaration or machine documents. The noise conjtrol
measures gre assessed by determining the difference in noise emission.

8.3 Noige control devices

The effectjveness of noise control devices can be measured and Vveérified by using the insertion loss,
transmissipn loss or the reduction of sound pressure levels (see‘Annexes C, D, E and I). The buyer and
seller should agree on which descriptor to use.

8.4 Workroom

fion
ese

The acoustiic quality of workrooms and offices can be assessed by using the following sound propaga
parameterp: spatial decay (DL,) and excess (DL¢) 6fSound pressure level and reverberation time. T}

three qua
parties at t

Verificatio

influence ¢
sound pres

he planning stage are usually calculated. Verified values are measured.

1 method: an omnidirectional sound source of known sound power should be used.
source should be located near the floor with the measurement points all set at the same height.

Sound pro

bagation should. be determined for the overall sound pressure level with a given freque

ities can be measured or calculated [see ISO/TR 11690-3). Values agreed upon between

f a directional characteristic of the source can be avoided if the source is rotating and
sure level is integrated at each measurement point.

or in octayve bands. Normally, it is measured on a path that ensures a clear line of s

the

The
The
the

ncy
ght

between t it is

essential t

distributio]
{e source _dnd measurement point. When comparing the given and the verified values,
at the path and the range of distances be the same.

When meapuring the spatial sound distribution curve, the sound pressure level behind obstacles quch
as machings-{e.g. at work stations) can be up to 10 dB lower (on average 3 dB to 4 dB) than the sound
pressure level measured on a path with a clear line of sight. These differences must be taken into
account when the spatial sound distribution curve in rooms and the sound pressure level at the work

station are to be determined.

8.5 Specified positions, work stations

The effectiveness of noise control and the noise immission can be determined and verified by taking
into account the sound pressure level at specific positions, normally the work stations. The acoustical
conditions present following the deployment of noise control measures can be compared to those
proceding them only if the operating conditions and the measurement method used are identical.

12 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=906f11c2fcb134fee986ea17935f98aa

IS0 11690-2:2020(E)

9 New technologies

In some cases, it may be necessary to consider noise control strategies offered by the application of new
technologies.

Annex ] gives some information on one of these technologies: anti-noise active/adaptive techniques
where the undesired mechanical and/or acoustical waves interfere destructively with artificially
generated ones in the opposite phase. No such systems are commercially available for workplaces as yet.
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A.1 Res

The follow

a)

b)

A2

Annex A
(informative)

Modification or replacement of machine components

Avoid
motiol
masse

Avoid
the sys

Use mulltitube nozzles instead of a single large one in discharge openings.

Avoid
relief y

Install
Use pl4
Install

Ensuré
parts v

Ensuré
Select
Ensuré

Select
with fi

Design
(e.g. el

T ITCCIUIT UL ITO T Hereratrormrarreor TITIOOTOULY

ng procedures are recommended.

impacts or rapid movements. Replace them with uniform processes (slow’ progres
). Restrict impact noise by reducing impact velocities (e.g. reduce drop height, use sme
5). Use damping materials on impact surfaces (e.g. sandwich or elastic materials).

1sing piping arrangements with flow-restricting designs; select larger, radii bends or de
tem with continuous cross-sections rather than discontinuous ones.

1sing speeds close to the speed of sound and prevent cayvitation by using multiple presst
alves.

inner gear system pumps instead of axial piston pumps.
istic gear wheels if mechanical loading requirements allow this.

helical gearing instead of spur-toothed gears.

vith friction rolling contact.

all rotating masses are balanced:

ow-noise bearings (frictionybearings are generally quieter than rolling bearings).
that the installationprovides optimum performance.

materials givingdhe best combinations (e.g. plastic/steel) and surface lubrication of elem¢
iction contactt

the system so that the most acoustically favourable force-transmission method is y
pstic ceuplings or hydraulic gears, toothed, V or flat belts, friction wheel drives instea

gearw

isofa Ilnaterial with high internal damping; use direct drive by multipole or speed-regulated mot

heel drives, helical-tooth and/or ground gears); select gearwheel pairs where one gearw

Kive
ller

bign

Hre-

tolerances are adhered to when usjng‘parts where surface quality is essential for machine

ents

sed
d of
heel
or's.

Red

uction of noise radiation

The following procedures are recommended.

a)

b)

‘)
d)

14

Use perforated plates with an open area of about 30 % (if no insulation of airborne sound is

necess

ary).

Use materials with high internal damping (e.g. grey cast iron, sandwich plates, plastics).

Limitt

he transmission of structure-borne sound to radiating surfaces.

Restrict airborne sound by the use of panels with high mass or use a double wall and fill the cavity
with acoustically absorbent material.
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e) Line the inner surfaces of casings with acoustically absorbent material; this is especially effective if
little structure-borne sound is transferred to the casting surfaces.

f) Seal all openings which are not required and grout all joints.
g) Provide noise absorbers in areas where openings are required or design acoustic openings.

NOTE More design rules can be found in ISO/TR 11688-1.
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B.1 Gen

Annex B
(informative)

Arrangement of sound sources

ral

The follow

B.2 Location of high-noise sources together in order to minimize their effect o1

remote v

Placing tw
noise sour

B.3 Location of the noisiest sources

Where the
can be dor]
partitions
a single ro
compensat

B.4 Arrangement of ancillary tasks

Low-noise
to noise so
task prepa
low-noise &

B.5 Use

Where prdcticable, remote-control systems should be used. These enable the operator to be mdg

to a greate
controlled

ng procedures are recommended.

vork stations

b equally loud noise sources together increases the total noise level by, 3 dB. However, if
es are placed some distance apart, the surrounding area of each ofthiem is affected.

[production process allows, high-noise machines should\bée separated from quieter ones. ]
e by locating high-noise sources in separate rooms; or by the retrospective installatio
with effectively sealed doors. When a number offiigh-noise machines are concentrate

ed for by an appropriate treatment of the room‘surfaces.

tasks should be separated from fioisy ones. Ancillary tasks which are not directly conneg
urces, for example, cleaning, maintenance and repair work on individual parts, produc
Fation, further processing of production (packaging, etc.), should be carried out in sepa
reas.

of remote control

r distance\from the noise source or the operator can control the equipment from a n
cabin.

fwo

his
h of
d in

pm, the A-weighted noise level generally rises by only a few decibels. This increase can be

ted
fion
fate

ved
hise

16
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Annex C
(informative)

Enclosures

Various designs of enclosures will provide varying noise reductions, measured for example as insertion

loss
sou

Typiical reductions of A-weighted sound pressure levels are:

Figlire C.1 gives typical values of the noise reduction, as a function.of frequency, for differen

and

Ope
the
or(

Ver
soli
line

The
ISO

danandina aontha naica cnactriiym oftbho cnnecn Tho natcn raductinn ~chiouad e lavaar
aepe H—+the tFHR-e+tRe-Seodece—rne-hoise R e evea1S1o0Wes

~dependin G neise-spee he ! eisereductio
'ce emits predominantly low-frequency sound.

approximately 5 dB to 10 dB for sound-insulating wrapping;
approximately 10 dB to 25 dB for single-shell enclosures with sound-abserbing lining;

more than 25 dB for double-shell enclosures with sound-absorbing lining.

machine configurations.

nings drastically reduce the effectiveness of enclosuresyespecially at high frequencies.
open areas should be kept to a minimum. For example;for enclosures with leak ratios o
,1 %, the reduction of A-weighted emission sound pressure levels is limited to 10 dB, 20 d

y high values of noise reduction are only obtained with well-designed complete enclo
H-borne sound-insulating mounting and without openings or with openings fitted with s
d ducts or properly sealed doors.

effectiveness of an enclosure decreases'with time unless very careful maintenance is p¢

11546-1 and ISO 11546-2 give miethods for the measurement of the effectiveness of encl

f the noise

I enclosure

Therefore,
10 %, 1 %
B or 30 dB.

sures with

ilencers or

rformed.

bsures.

©IS

02020 - All rights reserved

17


https://standardsiso.com/api/?name=906f11c2fcb134fee986ea17935f98aa

ISO 11690-2:2020(E)

100 ;
&

80 7
70

60

d 63 250 10004000 "A" X
v 31,5 125 500 2000 8000

‘\w

100 I T

L~ L1
80 \i "‘\\
7
a 1 70
60
-3
50
d 63 . 250 10004000 "A" X
z ] 31,5 125 500 2000 8000
b)
34 Y
gl - 100 , I
mx 90 H—= ,6 T
80 "
~
a 4 70 7
1 J N
60
il 0
63 250 10004000 "A" X
)

31,5 125 500 20008000

18 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=906f11c2fcb134fee986ea17935f98aa

IS0 11690-2:2020(E)

777777777 Y
100
43 zzzzzx 6I :
90 o P
—\— 80
o o ES L
s 1 \\
60 N
5 ;:E
50
/ ! l 63 250 10004000 "A" X
z ] 31,5 125 500 20008000
d)
Key)
d | microphone 3 ventilation openings
X | octave-band frequency, in Hz 4 lined ducts for ventilatien
Y | sound pressure level, in dB 5 sound absorbing matetial
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2 | vibration isolators 7  modified

Figure C.1 — Typical noise reduction achieved for different machine and enclosure
configurations
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Annex D
(informative)

Silencers

Silencers can be categorized as follows, according to the physical action brought into play:

a) reacti
combul
b) thrott
c) dissip
air-coy
Frequently
absorption
frequency
— presern
— massf
— pressu
— tempe

— allowable pressure loss,

— install

In practice
sometimes

The follow

ve-type silencers (reflection-type and resonator-type), used for instance in inte
stion engines and effective in specific frequency ranges;

le silencers, used mainly in blow-out operations (high pressure loss);

htive silencers, based on absorbing linings, used mainly for fans, blowers; eOmpressors
ditioning systems.

a combination of the above is used. All types of silencers have frequency-depenc
. It is essential that the choice of a silencer is based on the preliminary knowledge of
content of the noise to be attenuated and on the practical conditions of use, such as
ce of particles, moisture and corrosive constituents in theluid,
ow,
re,
rature,

htion situation.

, noise level reduction ranges“approximately from 10 dB to 20 dB. Larger values
achieved.

‘nal

and

lent
the

are

ng International Standards give methods for the measurement of the effectiveness of spme
types of silencers: ISO 7235, ISO"11691 and ISO 11820.

20
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Annex E
(informative)

Noise barriers and screens in rooms

Noise barriers and screens generally consist of sheets of steel, wood, glass or plastic. They should be

covered-by-seund-abserbing 61 de-facingthesod

Noipe barriers and screens can be used in workplaces where the aim is to prevent directnoeige radiation

from reaching a point of immission. Furthermore, they can be used to separate noisy areas in a room
from the rest of the room, especially in the form of partial-height partitions or |lateral ¢nclosures.
Seppration improves as the remaining connecting surface of the room cross-section decregses and as

thefabsorption on the part of the wall and ceiling surfaces adjacent to the conhecting surfacg increases.
Typiically, reductions of A-weighted sound pressure levels of up to 10 dB cah.be achieved.

In workrooms without surface treatment, a noise reduction (measuredas insertion loss ir] the 1 kHz
octave band) of more than 5 dB can only be achieved by barriers and:screens of more than hallf the room
height and for distances between the source and the receiver of less-than three times the room height.

Noipe barriers and screens are most effective when they are€ombined with wall and ceiling ffreatments,
and the combination should be used when all other measutes are not practicable.

[SO| 11821 gives a method for the measurement of ¢the in situ effectiveness of removablle screens.
[SO|10053 gives a method for the measurement of the effectiveness of office screens.

© IS0 2020 - All rights reserved 21


https://standardsiso.com/api/?name=906f11c2fcb134fee986ea17935f98aa

ISO 11690-2:2020(E)

F1 Ro

In such ro

Figure 8).

It is only i

reduction

The noisel
areas (A4, 4
after treat

10 Ig (4

The reverb

T=01

where

V s

A is

i

Examples

Table F.1 -

Annex F
(informative)

Acoustical treatment of surfaces

ms-with-a-diffuse field

bms, and at a certain distance from the source, the sound pressure level is constant
h this ideal case that the reverberation time, T, can be used to determine'the noise 1
in the diffuse sound field when a certain absorption is added.

bvel reduction yielded by surface treatment can be easily calculated frem the total absorp
1,) or the reverberation times (T, T,), where indices 1 and 2 indicate’the values before
ment, respectively:

2/Ay) or 101g (T1/T,)

eration time (in seconds) in a room under diffuse-field\conditions is given by

b-V/A

the volume of the room, in cubic metnes;

the equivalent absorption area ¢f the room (in square metres) given by the partial surfa

S;|of the room and the respective absorption coefficients, a; (see ISO 11690-1):

U

AzZSi(xi

»f the mean absorption/coefficient & are given in Table 2 and Table F.1.

— Mean sound absorption coefficient & in the frequency range 500 Hz to 2 000 Hz
nearly cubic rooms without sound-absorbing treatment

see

bvel

fion
And

F.1)

es,

for

Room utilization o

Rooms wit

h equiptment such as compressors, fans, etc. 0,05to0 0,1

Metal-proc

b$sing halls, machine rooms 0,1t0 0,2

Wood-processing halls

0,1to 0,25

Textile industry (e.g. weaving and spinning mills)

0,2t0 0,25

Office rooms

0,15t0 0,2

F.2 Rooms with a non-diffuse field

In such rooms, parameters describing spatial sound propagation are used to assess the effectiveness of
a surface treatment.

22
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Practical hints on surface treatment

Some features of surface treatment are as follows.

a)

b)

d)

f)

g)

Wh

If the density of noise sources in a room is very high, work stations are necessarily close to noise
sources but surface treatment can, nevertheless, be beneficial if the sound field in the vicinity of a
source is dominated by the sound coming from other sources and reflected by room boundaries.

Surface treatments are particularly effective in rooms with acoustically hard boundaries.

Surface treatment should always be considered as a possible measure at the design

stage of a

WOTRTOOM. AT THIS STage, One has the opportunity to Setect wall and cetiing Structures
absorbing properties and, where relevant, in combination with heat insulation.

The sound absorption coefficient of materials used for wall treatment is frequency
(commonly used materials are most effective in the medium- and high frequericy ran
choosing a surface treatment, it is therefore necessary to consider the frequency spect
noise (octave band levels usually).

Surface treatment is most effective when located close to the noise sources.

One of the reasons is that the frequency spectrum has been shifted towards lower and
annoying frequencies.

If, in an existing room, additional absorbing materials.are used to cover the ceiling of
absorption coefficient of the treated surface should'be higher than 0,6 in the relevant
range.

bn using noise barriers and screens, the noise-level reduction is very poor unless these ar

ith a surface treatment.

yith sound-

dependent
bes). When
rum of the

Frequently, the subjective effectiveness of a surface treatment i$ greater than the objective one.

hence less-

walls, the
frequency

b combined
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Annex G
(informative)

Structure-borne sound insulation

Machines transmit vibrations to the structures to which they are connected (floor, walls, mounting
elements, pipi i i

Structure-borne sound insulation is therefore necessary if, for example, low noise levels are requireld in
adjacent rdoms.

Methods applicable for reducing airborne sound induced by structure-borne sound are.thé followi

a) Vibrat]on isolation (mounting of the machine on appropriate vibration isolators)."The mountinjg of

the m4dchine on a heavy, resonance-free foundation mass may be necessary,
b) Damping of the radiating structures (dissipation of structure-borne sound-as heat).

c) In piping systems, flexible joints should be used or (if they arechot practicable for operatignal
reasorls) claddings should be applied (damped metal sheets).

The use of appropriate fastening devices (damped springs, visco-elastic fasteners) prevents |the
transmissipn of structure-borne sound to the structures supporting the pipe.

In conveying systems, similar fasteners should be used, if necessary combined with additional lumps of
mass, for ekample at crane rail supports.
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