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The Supply of Machinery (Safety) Regulations 2008 require
manufacturers to provide information so that their
machinery can be used by workers in industry without risk
from noise. This information includes numerical values for:
emission sound pressure level; peak sound pressure level;
and sound power level. The emission sound pressure level
and peak sound pressure level should alert employers of
potential noise hazards for workers. All three values should
help identify low noise models when buying new
machinery.
This review investigates a small sample of European
harmonised standards used by manufacturers to determine
noise emission values. It shows that noise data for the
same type of machinery, measured using these standards,
may not be comparable; for example, because poorly
defined test methods require interpretation by the tester.
Noise emission values determined using an appropriate
harmonised standard may also not be representative of the
operator’s noise hazard during the intended uses of the
machine.
This review shows that many European harmonised
standards need modifying if they are to produce reliable
and comparable noise emission data. Where noise data do
not adequately represent the noise hazard of machinery
during its intended uses, manufacturers must supply
additional information making clear the residual noise risks.

This report and the work it describes were funded by the Health and
Safety Executive (HSE). Its contents, including any opinions and/or
conclusions expressed, are those of the authors alone and do not
necessarily reflect HSE policy.
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KEY MESSAGES
Machinery Directive 2006/42/EC (implemented in the United Kingdom by the Supply of Machinery
(Safety) Regulations 2008) requires machinery manufacturers to minimise noise risk and provide
noise information on any residual risks, such that employers can put in place control measures so
that workers can use machinery without risk from noise.
This review will be of interest to standards makers and technical specialists dealing with noise
emission standards. It investigates a small sample of European harmonised standards used by
machinery manufacturers to determine noise emission values. The review identifies that many
standards need modification if they are to produce reliable and comparable noise data, that is, data
that can help employers to both select the better machinery and protect workers from residual
noise risk.
Up to three noise emission values must be provided, these are: the emission sound pressure level at
workstations should describe noise hazard and enable comparison of noise from similar machines
intended to carry out the same function (“competing” machines); the peak sound pressure level at
workstations should identify any risk from peak noise; and the sound power level, which does not
provide any information about noise hazard but should enable comparison of noise from competing
machines.
This review found that:
•

Noise emission values for sanders and hand-held concrete breakers, provided in accordance with
appropriate European harmonised noise test codes, under-represented noise hazard during the
intended uses of the tools and machines. These values were unsuitable for verifying that the
noise emissions have been reduced to the lowest level.

•

Noise emission values for wood chippers and printing machinery, provided in accordance with
appropriate European harmonised noise test codes, made clear the noise hazard, informed
decisions on low or lower noise equipment, and facilitated comparisons of actual noise emission
against the lowest noise emissions that can be achieved.

•

Emission sound pressure levels were found to be at least as useful as sound power levels for
comparing machinery on the basis of noise.

•

Sound power levels determined according to the Outdoor Noise Directive 2000/14/EC
(implemented in the United Kingdom by the Noise Emission in the Environment by Equipment
for use Outdoors Regulations 2001) were unreliable for comparing the noise from competing
machines.

•

Overall, some standards exist which are capable of producing noise data useful for describing
noise hazard, comparing the noise emissions of machines and verifying that noise emissions are
state-of-the-art. However, many more standards require modification so that the resultant
noise emission values describe the noise hazard and are useful for comparing machines on the
basis of noise.

•

Meanwhile, to satisfy the legal requirement to provide information enabling machinery to be
used without risk from noise, where data produced by harmonised noise test codes do not
adequately represent noise hazard manufacturers must supply additional information with the
noise emission data to make clear these residual risks.
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EXECUTIVE SUMMARY
Background
The Machinery Directive 2006/42/EC, which is implemented in the United Kingdom by the Supply of
Machinery (Safety) Regulations 2008, requires manufacturers to minimise noise risk and provide
noise information in instructions supplied with their machinery. The noise information, which
includes noise emission values, must inform employers of any residual noise risk and enable them to
put in place control measures so that workers can use machinery without risk from noise. The noise
emission values should also allow manufacturers to verify that they have minimised the noise risk
produced by their product.
Typically three numerical values are provided to describe machinery noise, these are: emission
sound pressure level at workstations, peak sound pressure level at workstations, and sound power
level. The emission sound pressure level and the peak sound pressure level should describe noise
hazard and enable a comparison of similar machines, intended to carry out the same function with
equivalent performance characteristics, on the basis of noise (referred to here as “competing”
machines). The sound power level is a measure of the total sound energy of noise emission; it does
not provide any information about noise hazard but should help identify low or lower noise
machinery.
European harmonised standards are commonly used by manufacturers to demonstrate compliance
with the requirements of the Machinery Directive. Machinery manufactured in conformity with a
harmonised standard, the reference to which has been published in the Official Journal of the
European Union, is presumed to comply with the essential health and safety requirements covered
by that standard.
A preliminary market surveillance exercise carried out across Europe between 2009 and 2012 found
that the noise information contained in 80% of a sample of 1500 instruction manuals did not meet
the requirements of the Machinery Directive, though some did have presumption of conformity
through use of harmonised standards. Common issues were noise emission values that did not
represent noise hazard during the intended uses of the machinery and could not help
manufacturers, market surveillance authorities, etc demonstrate state-of-the-art low noise designs.
The European study showed it is highly likely that purchasers and users of machinery will be unable
to make informed choices regarding the risks from noise associated with potential purchases based
on the information contained in instructions. Nor are they likely to be informed of the control
measures necessary to mitigate the risks from noise during use.
Objectives
Between 2007 and 2016, Health and Safety Executive (HSE) researchers investigated European
harmonised noise test codes for sanders, hand-held concrete breakers, wood chippers and printing
machinery. A review of these studies was carried out to examine:
•
•
•

The measurement methods and operating conditions used to obtain noise emission
values and the associated uncertainty.
Manufacturers’ declared noise emission values and those obtained by HSE researchers
using the same harmonised noise test code.
The usefulness of noise emission values to control the risks associated with exposure to
workplace noise.
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Main findings
Measurement standards
Harmonised standards for sanders, hand-held concrete breakers and wood chippers may not always
produce reliable noise emission data. It may be difficult for manufacturers to identify the
appropriate noise test code from the range of available standards. This is especially so for
machinery that has to fulfil the requirements of the Machinery Directive using the method of
determining guaranteed sound power level set out in the Outdoor Noise Directive 2000/14/EC.
For machinery without a harmonised noise test code, manufacturers have to establish their own
method of determining noise emission data that meets the noise requirements of the Machinery
Directive. They need a high level of understanding of their legal duties regarding noise and how to
obtain the noise emission values; they may need to employ a noise consultant who is also familiar
with the requirements of the Directive for noise.
The Machinery Directive requires the uncertainties associated with the measured values to be
specified in the noise emission declaration. The sum of the declared noise emission value and its
associated uncertainty should represent an upper boundary of the range of values likely to occur
during (emission test) measurements. The uncertainty values provided in the noise test codes for
sanders, concrete breakers and wood chippers were either given as a K value of 3 dB or a standard
deviation of reproducibility of 1.5 dB (accuracy grade 2 engineering method). It was unclear
whether these uncertainty data were generic values or machine-specific values that had been
obtained from round robin tests.
The Outdoor Noise Directive requires declaration of a guaranteed sound power level, which takes
into account the uncertainties due to production processes and measurement procedures.
However, the Directive does not define an approach for determining the uncertainties, making it
difficult to compare the guaranteed sound power levels for competing machinery.
Reproducibility of declared noise emission values
Poorly defined noise test codes, drafted and presented in accordance with BS EN ISO 12001, resulted
in noise emission declarations for competing machinery that were neither consistent nor
comparable.
More often than not, HSE researchers could not verify manufacturers’ declared noise emissions for
sanders and concrete breakers. In the majority of cases, this was due to poorly defined noise test
codes; measurement methods and operating conditions were unclear and obsolete and, in some
cases unsuitable standards were referenced.
The lack of verification of the declared noise emission values suggests that the declared uncertainty
values were not sufficient to fully account for the differences between noise measurements made by
different operators working to the specified test conditions, in different laboratories, using different
instrumentation.
The Outdoor Noise Directive requires declaration of a guaranteed sound power level. But the lack of
a well-defined approach for determining the measurement and production uncertainties makes it
very difficult for notified bodies to verify manufacturers’ declared emission values, in particular for
those machinery with limit values.
Usefulness of declared noise emission values
HSE researchers showed that noise test codes for sanders and hand-held concrete breakers
produced noise emission values that were frequently limited in their ability to:
•
•
•

Verify state-of-the-art noise control.
Help identify low or lower noise tools and machines.
Represent noise hazard during the intended uses of the tools and machines.
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Although employers are encouraged to consider manufacturers’ noise emission values as part of a
noise risk assessment, machinery is rarely supplied with information describing likely noise hazard
during its intended uses. HSE researchers showed that the noise test codes for sanders and concrete
breakers produced noise emission data that underestimated or overestimated real use noise levels.
Where emission values did not adequately represent the noise hazards during the intended uses of
the machines, no additional noise information was provided to help the employer assess and
manage the associated noise risks, although the harmonised standards for some types of machinery
require this to be provided.
The emission sound pressure levels provided for wood chippers and printing machinery were
sufficient to make clear the noise hazard; they also appeared credible for informing decisions on the
purchase of low or lower noise equipment and providing a guide to likelihood that the lowest noise
emissions have been achieved.
Noise emission data indicated that there were high noise and low noise models for some types of
machinery where real use noise levels for these models were indistinguishable. Purchasers may
believe incorrectly that there is a real choice to select low or lower noise machinery based on
declared noise emission data for some types of machinery.
The structure of BS EN ISO 12001 and the BS EN ISO 11200 series of basic noise emission standards
directs the reader towards the use of sound power level as a starting point for determining emission
sound pressure level. For hand-held tools, the noise test codes require the calculation of emission
sound pressure levels from sound power levels. The resultant emission data did not represent real
use noise levels; the observed differences could be large.
Emission sound pressure levels were more likely to represent real use noise levels when based on
measurements at the operator’s position. This measurement process is relatively simple and the
resultant noise emission values are likely to be useful for assessing and managing workplace noise
risk.
Some harmonised standards recognise that emission sound pressure levels determined during
standard test conditions may differ from those likely during real use. The harmonised standard for
electric hand-held tools suggests that differences may occur because of the distance between the
tool and operator during real use and reflected sound in the workplace. The standard provides a
means for quantifying the impact of these factors, which can be applied to the emission sound
pressure level. Taking these factors into account produced emission sound pressure levels for
sanders that indicated the real use noise hazard. However, this information is not easily accessible
to employers.
An additional issue was highlighted for machinery subject to noise limits specified by the Outdoor
Noise Directive. The true differences between sound power levels for competing machinery could
be masked by manufacturers making declarations at or near the limit of the permissible sound
power level, a practice which appears to be common for some types of machinery, such as concrete
breakers.
Recommendations
Many standards require modification if they are to produce reliable and comparable noise emission
data, which provide a clear warning of noise risk.
The European harmonised safety standards for some tools and machines already require the
provision of additional information and/or warnings when the noise emission data do not represent
the noise hazard during intended use. The issue of why this additional information is not provided
should be considered in appropriate technical forums.
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The methods used to determine the uncertainty associated with noise emission data required by the
Machinery Directive 2006/42/EC and the Outdoor Noise Directive 2000/14/EC should be considered
by relevant technical specialists, including manufacturers and notified bodies.
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INTRODUCTION
1.

The exposure of workers to the risks arising from noise is covered by the Physical Agents
(Noise) Directive 2003/10/EC [1], implemented in the United Kingdom as the Control of Noise
at Work Regulations 2005 [2]. The regulations set out exposure limit values and exposure
action values in relation to the daily noise exposure levels and peak sound pressure levels of
workers.

2.

The lower the noise emission from machinery, the easier it is for users to meet the exposure
limits set by Directive 2003/10/EC. Users therefore have an interest in selecting machinery
with as low noise emission as possible for the required performance. The adequacy of the
noise control measures that manufacturers have applied to reduce noise risks, is based on a
comparison of the risk level of similar machinery, that is, machinery intended to carry out the
same function with equivalent performance characteristics. For example, a comparison
showing that a significant number of similar machines have lower noise emissions, suggests the
machine under consideration is not in line with state-of-the-art, since other methods of
reducing noise emissions are available and should be applied. [Note: In this report, similar
machines are referred to as “competing machines”.]

3.

Machinery supplied in the European Economic Area (EEA) must comply with the noise
requirements of Machinery Directive 2006/42/EC [3]. These require manufacturers to minimise
noise risk and provide noise information, including emission values, in instructions. The noise
information must inform employers of any residual noise risk and enable them to put in place
control measures for workers to use machinery without risk from noise.

4.

According to the EC guide to the application of the Machinery Directive 2006/42/EC [4], the
noise emission declaration is expected to be useful for:
•

Comparing machinery on the basis of noise hazard so that buyers can be sure noise
control on offer is state-of-the-art and fit for purpose.

•

Carrying out a noise risk assessment in accordance with the requirements of the
Physical Agents (Noise) Directive 2003/10/EC so that employers can determine the risks
to workers arising from noise.

5.

Both the comparison of noise emission declarations and the reporting of noise hazard are
facilitated if there is consistent use of an appropriate and reliable noise test code, that is, a test
code which results in repeatable and reproducible noise emission data for similar machinery
that fulfils the Machinery Directive noise requirements.

6.

Harmonised standards are commonly used by manufacturers to demonstrate compliance with
the requirements of the Machinery Directive. These are standards mandated by the European
Commission and published in the Official Journal of the European Union [5]. Where followed in
full, harmonised standards give a presumption of the machine’s conformity with the essential
health and safety requirements of the Machinery Directive, within the scope of the standard
and any qualifications on its application.

7.

There are more than 700 harmonised standards that include a noise clause; over 300 of these
cover machinery for which noise is considered a significant hazard. Many provide for a
presumption of conformity with Machinery Directive essential health and safety requirement
1.7.4.2 (u), that is, the reporting of airborne noise emissions. The harmonised standards may
also help manufacturers meet other requirements for noise, for example by providing
information on installation and assembly, residual risk and use of hearing protection.

8.

A preliminary market surveillance exercise carried out across 14 European Member States [6]
between 2009 and 2012 found that the noise information contained in 80% of the 1500
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instruction manuals assessed did not meet the requirements of the Machinery Directive,
though some of these did have presumption of conformity through the use of harmonised
standards. The project highlighted issues with the credibility of declared noise emissions
provided in accordance with harmonised noise test codes:

9.

•

Noise emission values may be credible for the operating conditions defined within the
noise test code, but not as representing the actual risk during typical use.

•

Noise emission values may not always be capable of indicating the relative risk (in
terms of high and low noise models) when there is a difference in actual risk between
competing machinery, that is, some standards do not provide evidence for state-of-theart low noise designs.

Between 2007 and 2016, the Health and Safety Executive (HSE) investigated a small number of
noise test codes for machines, including sanders, hand-held concrete breakers, wood chippers
and printing machinery. A review of these investigations is reported here which assesses:
•

Inconsistencies between declared emission sound pressure levels, peak sound pressure
levels and sound power levels and measurement uncertainty of these values based on
the required measurement standards 1.

•

Differences between HSE noise emission values and manufacturers’ declared noise
emission values due to difficulties in following the harmonised noise test codes.

•

The usefulness of using emission sound pressure level, peak sound pressure level and
sound power level to control workplace noise risk.

1

A glossary of some of the technical terms used in this report, for example emission sound pressure level and sound power
level, can be found in Appendix A.
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HARMONISED NOISE TEST CODES
10. Comparison of machines to determine low and lower noise risk relies on the consistent use of
an appropriate noise test code that produces reliable and representative comparative noise
emission data.
11. Two European Directives currently place duties on machinery manufacturers to provide
information on noise when their products are placed on the market. These are:
•

Machinery Directive 2006/42/EC (MD)

•

Outdoor Noise Directive 2000/14/EC (OND) [7]

12. The MD requires information on the A-weighted emission sound pressure level at workstations
(LpA), the peak C-weighted instantaneous sound pressure level at workstations (LpCpeak) and the
A-weighted sound power level (LWA). The MD requires the LWA to be reported in accordance
with the OND when machinery is covered by one of the fifty-seven types of equipment for
outdoor use specified in the OND.
13. The OND requires a declaration of the guaranteed sound power level. The guaranteed sound
power level should take account of the uncertainties due to production variation and
measurement procedure and should not be exceeded when the test is reproduced. The
guaranteed sound power level should be labelled on all the machines covered by the OND. The
OND contains noise test codes for machinery it covers.
14. While the MD sets out the mandatory health and safety requirements for machinery, detailed
technical specifications for fulfilling these are given in European harmonised standards.
Machinery manufacturers are not required to use these harmonised standards to demonstrate
compliance with the essential health and safety requirements, but if they do use them, this
provides a presumption of conformity.
15. Standards and guidance documents have been produced to help experts draft standard noise
test codes. These provide detailed specifications for the measurement and declaration of noise
emission values, including measurement uncertainty as required by the MD. A large number of
noise test codes have been drafted based on these documents. Jacques et al [8] provided an
overview of the key documents used to draft noise test codes and, in particular, how
uncertainty is dealt with in standard noise test codes.
16. The fundamental requirement of the MD is that work equipment can be used without risk,
including without risk from noise. However, the requirement for reporting noise emission
values does not state explicitly that the purpose of the noise emission values is to report noise
hazard. This point is made in the EC guide to the application of the MD [4], which states that
the declaration is intended to help purchasers wishing to buy work equipment with reduced
noise emissions and to provide information useful for the noise risk assessment.
17. Values of LpA and LpCpeak derived from suitable noise test codes should provide an immediate
guide to noise hazard, so that where necessary arrangements can be made to use work
equipment without risk from noise. These values can also be used to help purchasers compare
work equipment and buy models with reduced noise emission. The values of LWA can only be
used to compare the noise emissions of competing machinery, that is, they provide no
immediate guide to noise hazard.
BASIC STANDARDS FOR EMISSION SOUND PRESSURE LEVEL AND SOUND POWER
LEVEL
18. Effective noise emission information is required by manufacturers, installers and users of
machinery to facilitate noise control. This information is obtained from measurements, which
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will only be useful if they are carried out under specified machine operating conditions and in a
defined acoustic environment, produce defined numerical quantities and if they are carried out
using standardised instrumentation.
19. The two quantities used to describe the sound emission of machinery are the LpA at a specified
position, typically the workstation, and the LWA. The LWA is a measure of the total acoustic
energy that a machine radiates to its environment; it is unaffected by the acoustic
environment. The LpA is a measure for the effect of the acoustic energy of the machine and
depends on the distance to the machine and the acoustic characteristics of the area in which it
is located. The emission LpA excludes the effects of background noise as well as the effects of
reflections other than those from the plane or planes permitted for the purpose of the test and,
as such, allows comparison of competing machines on the basis of LpA. International Standards
exist that describe the basic methods for determining emission LpA and LWA.
20. For a specified operating condition, the sound power level of a machine is a fixed value, while
the sound pressure level always depends upon factors such as distance from the source and the
acoustic environment.
21. All the basic acoustics methods used to determine LpA and LWA are based on the concept of
three grades of accuracy: grade 1 “precision”, grade 2 “engineering” and grade 3 “survey”.
According to BS EN ISO 12001: 2009 [9], the engineering method is preferred for noise
declaration purposes. It usually provides sufficient information for taking engineering action in
many situations, for example noise control programmes.
22. Most classes of machine have safety standards covering the safety requirements that are
particular to a machine type or group of machines. These are sometimes referred to as C-type
standards. A noise test code defines a method for measuring noise for a specific machine or
group of machines. It specifies the measurement method, the operating and mounting
conditions of the machine during measurements, and the method for declaring the noise
emission values, taking into account measurement uncertainty. Noise test codes can be
incorporated into machine specific safety standards or they can be separate standards.
Measurement methods are normally described by reference to a general noise emission
measurement standard (B-type standard).
Methods for determining sound power levels
23. Guidance on the selection of an appropriate method for determining LWA is available for those
drafting safety standards and noise test codes. BS EN ISO 3740: 2001 [10] provides guidelines
on the use of the BS EN ISO 3740 series of standards for determining the LWA of noise sources.
BS EN ISO 3741 to BS EN ISO 3747 describe methods with different grades of accuracy
(precision, engineering and survey) for determining LWA for machinery and equipment using LpA
measurements in different types of environments, including reverberation rooms, anechoic or
semi-anechoic rooms and essentially a free-field over a reflecting plane. BS EN ISO 9614 parts 1
to 3 describe methods for determining LWA using sound intensity level measurements.
24. BS EN ISO 3740 provides guidance on the selection of the appropriate standard method for
determination of LWA taking into account factors such as grade of accuracy required, size of
machinery, available test environment, background noise level, type of noise generated by the
machinery, measurement instrumentation available, the type of LWA required (frequencyweighted or frequency bands) and other acoustic information that may be needed, for example
directivity of source. A flowchart in Annex D of BS EN ISO 3740 gives broad guidance on the
choice of appropriate standard for determining LWA; it is reproduced here in Figure 1. Annex D
also contains the following advice for machinery manufacturers who have little or no
experience of noise emission measurement:
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“He should find out whether a noise test code is available for the piece of machinery
concerned. If such a code is available, the International Standard retained for the
determination of the sound power level should be one of those offered by the code. If no
noise test code exists, it is recommended that the manufacturer seeks assistance from
persons with knowledge in acoustics and experience with the determination of noise
emission from machinery.
He should investigate the practicability of a laboratory test site. The use of a laboratory
test site may not be expensive.”

Figure 1: Selection of an appropriate measurement standard for determining LWA (Permission to
reproduce extracts from BS EN ISO 3740: 2001 is granted by BSI. British Standards can be obtained in
PDF or hard copy formats from the BSI online shop: www.bsigroup.com/Shop or by contacting BSI
Customer Services for hard copies only: Tel: +44 (0)20 8996 9001, Email: cservices@bsigroup.com.)
25. The LWA and the related uncertainty value, as determined according to one of the methods in
the ISO 3740 series of standards, are two quantities used by machinery manufacturers when
preparing the noise declaration according to BS EN ISO 4871: 2009 [11]. This standard defines
the uncertainty, K as “the value of the measurement uncertainty associated with the measured
noise emission value”. Values of uncertainty are normally given in the noise test code for a
particular family of machines. Where no specific noise test code exists the method of Annex A
of BS EN ISO 4871 can be used.
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26. Each standard in the ISO 3740 series provides information on measurement uncertainty. There
is a lack of consistency in the terminology used across this series of standards. None of the
standards refer to uncertainty K, but instead refer to expanded uncertainty U or the range
within which the true value of LWA will lie about the measured value.
27. Table 1 provides a summary of how measurement uncertainty is defined in each of the ISO
3740 series of standards. Definitions for some of the quantities used to describe uncertainty
are provided here; they have been taken from BS 6805-1: 1987 [12]:
“Standard deviation of reproducibility: Standard deviation of noise emission values
obtained under reproducibility conditions, that is the repeated application of the same
noise emission measurement method on the same noise source at different times and under
different conditions (different laboratory, different operator, different apparatus). The
standard deviation of reproducibility therefore includes the standard deviation of
repeatability.
Standard deviation of repeatability: Standard deviation of noise emission values obtained
under repeatability conditions, that is the repeated application of the same noise emission
measurement method on the same noise source within a short interval of time under the
same conditions (same laboratory, same operator, same apparatus).
Standard deviation of production: Standard deviation of the different means (of noise
emission values) obtained on different machines from a batch, using the same noise
emission measurement method under repeatability conditions (same laboratory, same
operator, same apparatus).”
Total standard deviation: The square root of the sum of the squares of the standard
deviation of reproducibility and of the standard deviation of production.”
28. The summary in Table 1 shows that a consistent approach has been applied to specifying
uncertainty in the newer standards but not in the older standards, two of which are referenced
in the OND, these are: EN ISO 3744: 1995 [13] and EN ISO 3746: 1995 [14], published in the
United Kingdom by the British Standards Institution (BSI) as BS EN ISO 3744: 1995 and BS EN
ISO 3746: 1996. For these two standards, different definitions are used between the old and
new versions of each standard as well as between the older versions of both of these
standards.
29. BS EN ISO 3740 provides a table of the standard deviations of reproducibility (largest values),
which represent the worst cases of measurement uncertainty for the determination of LWA in
accordance with the different test methods. According to Clause 6.5 of BS EN ISO 3740,
standard deviations may be smaller for measurements on a well-defined specific machinery
family. When drafting a noise test code, the standard recommends an inter-laboratory test for
the specific machine family to determine the relevant standard deviations.
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Table 1: Measurement uncertainty for LWA in BS EN ISO 3740 series
Standard
BS EN ISO 3741: 2010 [15]

BS EN ISO 3743-1: 2010
[16]
BS EN ISO 3743-2: 2009
[17]
BS EN ISO 3744: 1995 (in
accordance with OND)
BS EN ISO 3744: 2010 [18]
BS EN ISO 3745: 2012 [19]
BS EN ISO 3746: 1995 (in
accordance with OND)
BS EN ISO 3746: 2010 [20]
BS EN ISO 3747: 2010 [21]
BS EN ISO 9614-1: 2009
[22]
BS EN ISO 9614-2: 1997
[23]
BS EN ISO 9614-3: 2009
[24]

Uncertainty
quantities referenced
Standard deviation of reproducibility, σRO;
standard deviation due to operating and
mounting conditions of source, σomc; total
standard deviation, σtot determined using
σRO and σomc; k is coverage factor (k=2 for
95% confidence level, 2-sided normal
distribution; k=1.6 for 95% confidence
level, 1-sided normal distribution)
σRO; σomc; σtot; k = 2 or 1.6

Definition of measurement
uncertainty
Expanded uncertainty, U=kσtot,

Standard deviation of reproducibility, σR;

± 1.645σR (90% confidence);
± 1.96σR (95% confidence)
± 1.645σR (90%);
± 1.96σR (95%)
U=kσtot
U=kσtot
± 1.656sR (90%);
± 1.96sR (95%)
Expanded uncertainty, U=kσtot,
U=kσtot
± 2s (95% level of certainty)

σR
σRO; σomc; σtot; k = 2 or 1.6
σRO; σomc; σtot; k = 2 or 1.6
Standard deviation of reproducibility, sR
σRO; σomc; σtot; k = 2 or 1.6
σRO; σomc; σtot; k = 2 or 1.6
a
Standard deviation, s
a

Standard deviation, s

Standard deviation of reproducibility (no
symbol used)

U=kσtot

± 3 dB (95% level of certainty)
(assume this is ± 2s)
Expanded uncertainty, 2 x
standard deviation of
reproducibility for coverage
probability of 95%

a

Note : BS EN ISO 4871 uses “σ” for the standard deviation of a population and “s” for the standard deviation
of a sample. It is not clear to the authors whether the “s” referenced in BS EN ISO 9614 refers to population or
sample standard deviations.

Methods for determining emission sound pressure levels
30. Guidance on the selection of an appropriate method for determining emission LpA is available
for those drafting safety standards and noise test codes. BS EN ISO 11200: 2014 [25] provides
guidelines on the use of the BS EN ISO 11200 series of standards. Three of the standards (BS EN
ISO 11201, BS EN ISO 11202 and BS EN ISO 11204) describe methods for direct measurement of
emission LpA, in three different test environments. Two other standards describe methods for
determining emission LpA from LWA (BS EN ISO 11203) and from measured values of the sound
intensity level (BS EN ISO 11205).
31. In general, emission LpA values will be lower than those measured when the machinery
operates in its installed surroundings. A microphone positioned at a workstation will not only
measure the sound received directly from the machine (the emission LpA) but also the sound
coming from other noise sources present and the sound reflected by wall, floor, ceiling and
obstacles in the room in which the machine is located.
32. The BS EN ISO 11200 series of standards extract the emission component from the total
measured sound pressure level. BS EN ISO 11690-3: 1999 [26] provides guidance on using
noise emission data to predict the LpA at workstations when machinery operates in a workroom.
For determination or calculation of the LpA at the operator’s position with the machinery
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operating in a workroom, both emission LpA and LWA are required, as well as information on
room properties or reflections and noise from other sound sources in the room. In practice, for
most work equipment the extent to which it radiates sound in the direction of the operator’s
position will also be required. Although source directivity is considered in a number of the
standards in the BS EN ISO 12000 series, there are no requirements to make this available
alongside other noise emission data. Commonly observed differences between the emission
LpA and the sound pressure level with machinery operating in-situ are 1 to 5 dB, but may be
greater [25].
33. BS EN ISO 11200 provides guidance on the factors that should be considered when selecting an
appropriate standard for determination of emission LpA. These include repeatability and
reproducibility of LpA measurements, the size and transportability of the machinery, whether or
not particular workstations can be defined, available test environment, grade of accuracy
required, available instrumentation, background noise sources, and determination of local
environmental corrections. Additional guidance is provided on the factors relating to the grade
of accuracy, measurement effort and method applicability. The advantages and disadvantages
of each method are summarised in Table 7 of BS EN ISO 11200. Flow charts are also provided
to assist in the selection of the most appropriate method for the determination of emission LpA.
These are reproduced here in Figure 2 and Figure 3.
34. Two of the standards, BS EN ISO 11202 and BS EN ISO 11204, consider the directivity of the
noise source. A workstation directivity index is defined as a “measure of the extent to which a
source under test radiates sound in the direction of the workstation (operator’s position),
relative to the mean sound radiation over the reference measurement surface”. It is not clear to
the authors how the directivity index is used and whether the measurement procedures in BS
EN ISO 11202 and BS EN ISO 11204 are selected for inclusion in noise test codes for machinery
whose noise emission is highly directional, particularly in the direction of the operator’s
workstation.
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Figure 2: Selection of an appropriate measurement standard for determining emission LpA from
LWA (Permission to reproduce extracts from BS EN ISO 11200: 2014 is granted by BSI. British Standards can be
obtained in PDF or hard copy formats from the BSI online shop: www.bsigroup.com/Shop or by contacting BSI
Customer Services for hard copies only: Tel: +44 (0)20 8996 9001, Email: cservices@bsigroup.com.)
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Figure 3: Selection of an appropriate measurement standard for determining emission LpA from
measurements (Permission to reproduce extracts from BS EN ISO 11200: 2014 is granted by BSI. British

Standards can be obtained in PDF or hard copy formats from the BSI online shop: www.bsigroup.com/Shop or
by contacting BSI Customer Services for hard copies only: Tel: +44 (0)20 8996 9001, Email:
cservices@bsigroup.com.)

35. Each standard in the BS EN ISO 11200 series provides information on measurement
uncertainty, which is summarised in Table 2. Measurement uncertainty is dealt with in a more
detailed and consistent way in the current versions of BS EN ISO 11201, BS EN ISO 11202 and BS
EN ISO 11204 (compared with previous editions of the same standards and with BS EN ISO
11203 and BS EN ISO 11205). Measurement uncertainty is expressed in terms of the standard
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deviation of reproducibility of the method and the standard deviation describing the
uncertainty due to the instability of the operating and mounting conditions of the machinery
under test. BS EN ISO 11203 contains no data for measurement uncertainty as it will be
numerically equal to that associated with the method used to determine LWA. BS EN SO 11205
defines measurement uncertainty using different terminology from that used in the other
emission LpA standards, which may be confusing to the user.
Table 2: Measurement uncertainty for emission LpA in BS EN ISO 11200 series
Standard
BS EN ISO 11201: 2010
[27]

BS EN ISO 11202: 2010
[28]
BS EN ISO 11203: 2009
[29]
BS EN ISO 11204: 2010
[30]
BS EN ISO 11205: 2009
[31]

Uncertainty
quantities referenced
Standard deviation of reproducibility, σRO;
standard deviation due to operating and
mounting conditions of source, σomc; total
standard deviation, σtot determined using
σRO and σomc; k is coverage factor (k=2 for
95% confidence level, 2-sided normal
distribution; k=1.6 for 95% confidence
level, 1-sided normal distribution)
σRO; σomc; σtot; k = 2 or 1.6
Standard deviation of reproducibility
(numerically equal to uncertainty
associated with method used for
determining LWA)
σRO; σomc; σtot; k = 2 or 1.6
Reproducibility standard deviation, σRA;
repeatability standard deviation, σrA; total
standard deviation (no symbol) σtot
determined using σRA and σrA

Definition of measurement
uncertainty
Expanded uncertainty, U=kσtot,

U=kσtot

U=kσtot
Expanded uncertainty = 2σtot
(95% confidence)

36. BS EN ISO 11200 provides an overview of all the methods available for the determination of
emission LpA and provides the standard deviations of reproducibility for emission LpA for each of
the measurement methods. Although some of the measurement methods allow for the
measurement of LpCpeak, it is not clear to the authors how uncertainty data for this quantity is
obtained or if uncertainty data would serve a practical purpose.
37. Methods to determine σRO and σomc are provided in BS EN ISO 11201, BS EN ISO 11202 and BS
EN ISO 11204. Measurements to quantify the uncertainty contributions from, for example,
measuring instrumentation, variability in the mounting conditions and operating conditions,
local environmental influence, background noise, measuring position and methods used in
determining the meteorological conditions, are recommended when drafting a noise code so
that values of σRO and σomc specific to the machinery family concerned can be derived.
A SPECIFICATION FOR NOISE TEST CODES - BS EN ISO 12001
38. The MD requirement to measure and declare noise emissions for different machinery,
produced by different manufacturers intending to put machines onto the European market,
presented a real challenge. Although noise test codes were available at international and some
national levels when the MD was first published in 1989, their requirements were not precise
enough and it was recognised that a single test code for a given family of machinery was
needed [8]. It was in this context that BS EN ISO 12001: 2009 [9] was prepared. It sets out the
rules for the drafting and presentation of a noise test code for a specific family of machinery.
39. The purpose of the noise test code is to permit comparable test results to be obtained on the
noise emissions of machinery from the same family, such that the noise emitted by similar
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machines can be compared, compliance with limit values can be checked, and a noise risk
assessment can be developed. The noise test code should therefore give detailed requirements
on the mounting, loading and operating conditions for the particular family of machines under
test, as well as the location of a workstation(s) and other specified positions (if any).
40. The purpose of BS EN ISO 12001 is to help those who are responsible for drafting safety
standards for specific families of machinery or equipment prepare noise test codes that are:
•

As consistent as possible, with each individual test code having the same basic
structure.

•

In accordance with basic standards on measurement, declaration and verification of
noise emissions.

•

Reflecting the latest technical knowledge of methods of determining the noise
emissions from the specific family of machinery or equipment under consideration.

41. Annex B (normative) of BS EN ISO 12001 lists the items to be covered in a noise test code.
Several are of particular interest to the work described in this report including operating
conditions, measurement uncertainties, and declaration and verification of noise emission
values.
Operating conditions during noise emission measurement
42. Clause 7.4.4 of BS EN ISO 12001 states that “the noise test code shall specify an operating
condition that is reproducible and is representative of the noisiest operation in typical usage of
the machine under test”. The NOMAD project [6] highlighted issues with the credibility of noise
emission values provided in instruction manuals to meet the noise requirements of the MD,
such that they may not be credible as representing the actual noise risk arising from typical use
of the machine. The expectation is that noise test codes have been drafted in accordance with
BS EN ISO 12001, but the extent to which the operating conditions are validated with regard to
the requirements of Clause 7.4.4 is not clear.
Measurement uncertainties
43. Clause 3.12 of BS EN ISO 12001 defines uncertainty, K as a value of the measurement
uncertainty associated with a measured noise emission value. Clause 7.5 states that “in
general, investigations will be necessary to determine the standard deviations of reproducibility
of noise emission values relevant to the particular family of machinery or equipment concerned,
since, as is usual, they differ from those given in the relevant basic noise emission standards. If
this information is not available for a particular family of machinery or equipment, the values in
the basic standards may be regarded as interim upper boundaries”.
44. To attain the required grade of accuracy or specified standard deviations of reproducibility, the
noise test should state how many times noise measurements have to be repeated (for example,
three times) and which value is to be retained as the final measured value (usually the
average).
Declaration and verification - BS EN ISO 4871
45. Clause 7.8 of BS EN ISO 12001 states that “the declaration of the noise emission values of
machinery and equipment is the responsibility solely of the manufacturer. The noise test code
shall state that the noise declaration shall be made in such fashion that the values can be
verified in accordance with ISO 4871”.
46. Consistent methods of measurement and declaration are necessary for machinery noise
emission data to be useful. BS EN ISO 4871: 2009 [11] gives information on the declaration of
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noise emission values, describes acoustical and product information to be provided in technical
documents for the purpose of noise emission declaration, and specifies a method for verifying
the noise emission declaration. It gives priority to LWA stating that “it is of prime importance to
declare sound power levels. It is recognised, however, that information on emission sound
pressure levels is sometimes required.” BS EN ISO 4871 is listed in the Official Journal of the
European Union [5].
47. BS EN ISO 4871: 2009 deals with uncertainty and defines a number of quantities including
uncertainty (K), standard deviation of repeatability (σr), standard deviation of reproducibility
(σR), standard deviation of production (σP), total standard deviation (σt) and reference standard
deviation (σM). The reference standard deviation is defined as a total standard deviation
specified for a family of machinery, which is considered typical for batches of equipment from
this family. Typical values of σM are between 1.5 and 3.5 dB for measurement test codes with
grade 1 or 2 accuracy.
48. BS EN ISO 4871 defines two possible formats for declaration: single-number (obtained by
adding the measured level to the value of the associated uncertainty) and dual-number (the
measured level and the value of the associated uncertainty are declared separately). Table 3
shows a dual-number declaration based on the example given in BS EN ISO 4871.
Table 3: Example of a dual-number noise declaration
Machine model number, operating conditions, and other identifying information:
Type 990, Model 11-TC, 50 Hz, 230 V, rated load
DECLARED DUAL-NUMBER NOISE EMISSION VALUES
in accordance with ISO 4871
Operating mode 1
88

Operating mode 2
97

Measured A-weighted sound power level, LWA
(ref 1pW), in decibels
Uncertainty, KWA, in decibels
3
3
A-weighted emission sound pressure level, LpA
78
86
(ref 20 µPa) at the operator’s position, in
decibels
Uncertainty, KpA, in decibels
3
3
Values determined according to noise test code given in ISO XXXX, using basic standards ISO YYYY
and ISO ZZZZ.
NOTE – The sum of a measured noise emission value and its associated uncertainty represents an
upper boundary of the range of values which is likely to occur in measurements.
49. Annex ZA of BS EN ISO 4871 states that compliance with the normative clauses confers
presumption of conformity with the relevant essential health and safety requirements of
Directive 2006/42/EC. Clause 5.d (1) of BS EN ISO 4871 is excluded from this presumption of
conformity; it covers single-number noise emission values but the MD requires a dual-number
format.
50. BS EN ISO 4871 specifies simple methods for verifying the declared values for a single machine
and for a batch of machines. It clearly defines measurement uncertainty and production
uncertainty as the two basic components of total uncertainty, which should be taken into
account when preparing a noise emission declaration.
51. Annex A of BS EN ISO 4871 provides guidance on determining a noise emission declaration. It
states that for a single machine, the uncertainty value, K is defined as 1.645σR; the standard
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deviation of reproducibility is normally found in the noise test code. If a noise test code does
not exist, estimated values for K that may be used for LWA are 2.5 dB (engineering grade
accuracy) and 4 dB (survey grade accuracy). Guidance on the values of K for emission LpA may
be found in BS EN ISO 11201 to BS EN ISO 11204. For a batch of machines, the standard states
that the uncertainty value, K for a sample size of three machines is 1.5st + 0.564(σM – st). Values
of σM and st depend on the grade of accuracy and the variability of the noise emission values of
the machines in a batch. The value of K is typically between 1.5 and 4 dB for engineering grade
accuracy.
52. None of the basic measurement standards for LWA and emission LpA refer to uncertainty in terms
of the K value. Instead they refer to expanded uncertainty or the range within which the true
value lies. Using consistent terminology to describe uncertainty across related standards would
avoid confusion.
53. According to Jacques et al [8], some manufacturers objected strongly to BS EN ISO 4871 when it
was first published. The main objections were:
•

Manufacturers rarely considered uncertainty in noise measurements.

•

BS EN ISO 4871 was enforcing values of uncertainty, although such data were included
in an informative annex and there was little evidence of alternative data either
published or from manufacturers.

•

The values of σR included in BS EN ISO 4871 were considered high and could lead to
high values of uncertainty (in particular for survey grade) that made the noise emission
measurements meaningless.

54. In 2007, Jacques et al reported “there are signs that the situation is improving and the
acceptance level of EN ISO 4871 is increasing worldwide”.
RECOMMENDATIONS OF THE ADVISORY NUCLEUS OF THE CEN MACHINERY
SAFETY SECTOR
55. Jacques et al [8] refers to the Advisory Nucleus of the CEN Machinery Safety Sector, a group
who reports the views and proposals of the Advisory Nucleus to the CEN Technical Board. In
2001, the Advisory Nucleus prepared a “Recommendation to CEN Technical Committees/
Working Groups on how to deal with uncertainty in noise test codes”. The key messages were:
•

It is essential that uncertainty is considered when dealing with noise emission
measurement and declaration.

•

It is in the interest of all parties concerned to deal carefully with uncertainty in noise
test codes. It will improve the transparency of the market, ensuring fair competition
between manufacturers and providing reliable information to potential users of
machinery.

•

(CEN) Working Groups should consider uncertainty very carefully and make efforts to
provide clear information on uncertainty in noise test codes.

56. The following recommendations were made:
•

Where technical data are available on the noise emission for a family of machinery that
allow the standard deviation of reproducibility to be estimated, they should be
included in the noise test code and used to determine uncertainty, K for use in the
noise declaration.

•

Where technical data are not available for the family of machinery concerned but are
available for similar machinery, these may be used to estimate the standard deviation
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of reproducibility. They may be included in the noise test code and used to determine
K when preparing the noise declaration.
•

Where no technical data on noise emission are available to estimate the standard
deviation of reproducibility, it was recommended to insert the following statement in
the noise test code: “No technical data on noise emission are presently available to
estimate the standard deviation of reproducibility for the family of machinery covered
by this noise test code. Therefore, the values of the standard deviation of
reproducibility stated in the basic noise emission standards may be regarded as interim
upper boundaries and used for the determination of the uncertainty K when preparing
the noise declaration. Investigations requiring a joint effort of manufacturers are
necessary to determine a possibly lower value of the standard deviation of
reproducibility, which will result in a lower value of the uncertainty. Results of such
investigations will be reflected in a future version of this standard. WARNING: This
recommendation is meant to help Working Groups build up their own consensus on the
uncertainty issue. The intention is to stimulate positive discussions on this issue within
Working Groups.”

57. It is not clear to the authors, without further investigation, how many noise test codes included
this statement and whether it resulted in more manufacturers determining standard deviations
of reproducibility for particular families of machinery.
POSITION PAPER FOR DIRECTIVE 2000/14/EC
58. Directive 2000/14/EC (OND) requires machinery intended for use outdoors to be labelled with a
guaranteed A-weighted sound power level LWA. The guaranteed LWA includes the uncertainties
due to variations in the production process and the measurement procedure and it represents
a maximum statistical value that is not exceeded for a given confidence level. While the OND
specifies requirements on permissible noise levels, noise test codes, marking and conformity
assessment, it does not define or specify the method of calculating uncertainties due to either
the production process or the measurement procedure.
59. The Working Group on Industrial and Equipment Noise, which was set up by the European
Commission in 1999, prepared a Position Paper on guidelines for the application of Directive
2000/14/EC [32]. The guide was intended to improve understanding of the requirements of the
OND and raise stakeholder awareness. It was not published formally as a Commission
document and the legal status of any recommendations is unclear.
60. The Position Paper tried to provide machinery manufacturers with practical guidance on the
determination, maintenance and verification of the guaranteed LWA. It defined the uncertainty
K as a calculated value, which takes into account the standard deviation of both measurement
and production, the confidence level and the coverage factor. Although the Position Paper
outlined a method of determining the guaranteed LWA, it provided no specific details on how to
calculate K.
61. According to Carletti [33], the practical implementation of the OND has created serious
difficulties in the assurance of a uniform enforcement among all Member States. This lack of
uniformity is evident for both the assessment of the guaranteed LWA and for the verification
process. Consequently this may lead to unfair competition across the common market and a
risk that the objectives of the OND – to protect the human health and the environment – will
be overlooked.
62. A working group representing European notified bodies collected information about the
methods used to determine guaranteed LWA and the current rules for market surveillance
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across Europe. The main objective was to find, if possible, common rules for calculating K. The
main findings were:
•

The Working Group established essential criteria with which a model declaration
should comply. The model declaration should lead to realistic results, be acceptable by
industry and notified bodies, be verifiable, easy to use and should reference
International or European standards.

•

The preferred method for the LWA declaration and conformity verification was based on
a simplified method adapted from BS EN ISO 4871, in which measurement
uncertainties are assessed in terms of reproducibility.

•

Experimental data on reproducibility uncertainty could be available for many families of
machinery. These values could be collected into a database and accessed by European
manufacturers. They could provide valid support to defining common rules for the LWA
declarations.

•

Notified bodies across Europe do not follow common rules when verifying the
conformance of declarations.

•

There seems to be little guidance on how to carry out market surveillance.

63. It is unclear to the authors what progress was made by the Working Group based on the main
findings presented by the Working Group, with regard to developing a consistent approach for
declaring and verifying the guaranteed LWA to comply with the requirements of the OND.
CHANGES TO DIRECTIVE 2000/14/EC
64. The OND was amended in 2005 [34] because a number of the permissible limits due to be
mandatorily applied from 3 January 2006 were found to be not technically feasible. No changes
were made to the noise test codes. In 2013/14 the European Commission considered the case
for a merger between the OND and MD, but concluded that they should remain separate. This
conclusion was accepted by stakeholders. A complete revision of the OND was planned,
starting with a study on how the existing limit values for noise might be updated and also how
they might in future be applied to equipment currently not subjected to limits but only to
marking. The study began in April 2015 and a report by the research organisation TNO was
circulated to members of the Noise Emissions Committee and Working Group in February 2016
[35]. This report recognises that some of the standards referenced in the OND are no longer
valid or available and others have been revised or replaced. A number of recommendations are
made:
•

Improvement of existing test codes for reproducibility, either in the OND itself or in the
relevant standards.

•

Application of new or revised standards, for example ISO 3744: 2011.

•

Proposed modifications to the standard and/or operating conditions.

65. Although outside the scope of the OND revision, the final report recommends further
investigations and comparative measurements to assess the impact of changing some of the
noise test codes specified in the OND.
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EVALUATION OF HARMONISED NOISE TEST CODES
66. Harmonised standards and noise test codes should provide noise emission data that are
representative of real use noise hazard and facilitate comparison of the noise from competing
machines, making it easier to identify low and lower noise designs. It is common for these
standard test methods to be based on artificial or simplified operations. The NOMAD project
[6] found that the noise emission data for some machine types may not reflect the noise
generated during typical use. This is despite the fact that noise codes drafted in accordance
with BS EN ISO 12001 should specify operating conditions that are reproducible and
representative of the noisiest operation in typical usage of the machine.
67. HSE researchers investigated a small number of noise test codes: for sanders; hand-held
concrete breakers; wood chippers; and printing machinery. These noise test codes were
reviewed to investigate:
•

The basic measurement methods typically used to determine LWA and emission LpA.

•

The operating conditions defined in noise test codes.

•

How noise test codes address the requirements of both the MD and the OND.

•

The guidance provided on measurement uncertainty.

•

The guidance provided on the information to be included in the instruction manual.

•

Selection of appropriate basic acoustics standards according to BS EN ISO 3740 and BS
EN ISO 11200.

ORBITAL AND RANDOM ORBITAL SANDERS
68. The manufacturers, importers and suppliers of orbital and random orbital sanders have to
comply with the noise requirements of the MD. A number of harmonised safety standards and
noise test codes for orbital and random orbital sanders give presumption of conformity with
the essential health and safety requirement 1.7.4.2 (u), which is the provision of airborne noise
emission data. All the standards are listed in the Official Journal of the European Union [5].
69. The MD requires the provision of emission LpA; a value of LWA may be required depending on the
value of the emission LpA. There is therefore an expectation that emission LpA is measured first
and that it will represent the hazard and enable a comparison between competing machines.
However, for hand-held power tools such as sanders, the harmonised noise test code requires
manufacturers to determine LWA from which emission LpA values are calculated.
Electric orbital and random orbital sanders
70. BS EN 62841-1: 2015 [36] defines the general health and safety requirements for hand-held
motor operated electric tools. Compliance with Part 1 together with a relevant (machine
specific) Part 2, 3 or 4 of BS EN 62841 is required to achieve presumption of conformity with
the essential health and safety requirements of Directive 2006/42/EC. The machine specific
part for orbital and random orbital sanders is BS EN 62841-2-4: 2014 [37].
71. The noise test code for measuring noise emissions is provided in Annex I (normative) of BS EN
62841-1. For hand-held tools, measurements of LWA are required in accordance with BS EN ISO
3744 using a hemispherical/cylindrical measurement surface and five microphone positions
located 1 m from the centre of the tool as shown in Figure 4. For a hand-held tool used
horizontally, the standard requires that the tool be positioned so that its axis is at 45o between
microphone positions 1 and 4 and 2 and 3. The A-weighted sound power level, LWA is given by
L’pA + Q dB. L’pA is the surface sound pressure level, which is defined as the mean of the time-
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averaged sound pressure levels over all the microphones position on the measurement surface
with corrections applied for background noise and the influence of the environment on the
measured sound. Q is a value determined from the surface area of the measurement surface.

Figure 4: Hemispherical/cylindrical measurement surface (microphone positions shown at 1 – 5)

(Permission to reproduce extracts from BS EN 62841-1: 2015 is granted by BSI. British Standards can be
obtained in PDF or hard copy formats from the BSI online shop: www.bsigroup.com/Shop or by contacting BSI
Customer Services for hard copies only: Tel: +44 (0)20 8996 9001, Email: cservices@bsigroup.com.)

72. According to BS EN 62841-1, the A-weighted emission sound pressure level (LpA) at the
workstation is determined in accordance with ISO 11203 as follows: LWA – Q dB, where Q =
11 dB.
73. BS EN 62841-1 provides the following explanatory notes:
“Note 1: This value of Q has been determined, during experimental investigations, to be
applicable to hand-held power tools. The resultant A-weighted emission sound pressure
level at the workstation is equivalent to the value of the surface sound pressure level at a
distance of 1 m from the power tool. This distance has been chosen to give satisfactory
reproducibility of results, and to permit comparison of the acoustic performance of
different hand-held power tools, which do not, in general, have uniquely defined
workstations. Under free field conditions, where it may be required to estimate the
emission sound pressure level, LpA,r1 at a distance r1 in m from the geometric centre of the
power tool, this can be done by applying the formula:
LpA,r1 = LpA + 20 log10 (1/r1) in dB
Note 2: At any given position in relation to a particular machine, and for given mounting
and operating conditions, the emission sound pressure level determined by the method of
this standard will in general be lower than the directly measured sound pressure levels for
the same machine in the typical workroom where it is used. This is due to the influence of
sound reflecting surfaces in the workroom compared to the free field conditions of the test
specified here. A method of calculating the sound pressure levels in the vicinity of a
machine operating alone in a workroom is given in ISO/TR 11690-3. Commonly observed
differences are 1 to 5 dB, but in extreme cases the difference might be even greater.”
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74. During normal use, sanders are likely to be positioned much closer than 1 m to the operator’s
ear and used in workrooms with sound reflecting surfaces. Applying the corrections as
described in Paragraph 73 shows that that sound pressure levels at the operator’s position may
be about 10 dB higher than the emission sound pressure level.
75. If required, the C-weighted peak emission sound pressure level LpCpeak is taken to be the highest
C-weighted peak sound pressure level measured at any of the five microphone positions; no
corrections are permitted.
76. The operating conditions for the determination of noise emission data for orbital and random
orbital sanders are specified in BS EN 62841-2-4. These tools are suspended with the plate of
the tool horizontal and tested at no load. Three consecutive tests are carried out and the result
is the arithmetic mean of the three tests.
77. BS EN 62841-1 requires the declaration of a dual-number noise emission according to BS EN ISO
4871 for LWA and emission LpA, that is, numerical values and associated uncertainties. If
required, LpCpeak will also be given. The upper bound value of the standard deviation of
reproducibility for the engineering measurement methods (grade 2) described in ISO 3744 and
ISO 11203 is 1.5 dB. According to BS EN 62841-1, the values for the uncertainties, KWA and KpA
are expected to be 3 dB, assuming the measured value is the average based on a sample of
three power tools that have been properly sampled.
78. BS EN 62841-1 attempts to provide clarity regarding the use of different terms for the same
measures of uncertainty. It explains that σtot in BS EN 62841-1 is referred to as σR in BS EN ISO
4871 and the expanded measurement uncertainty U is referred to as K in BS EN ISO 4871. The
link between U and K is not provided in some standards, which may lead to confusion for some
users.
79. BS EN 62841-1 requires the instruction manual to include the following:
•

The noise emission values LpA and LWA and associated uncertainties KpA and KWA, and
LpCpeak where required/appropriate.

•

A recommendation for the operator to wear hearing protection.

•

Information that the declared noise emission values have been measured in
accordance with a standard test method and may be used for comparing one tool with
another and in a preliminary assessment of exposure.

•

A warning that noise emissions during actual use of the power tool can differ from the
declared values depending on the ways in which the tools is used especially what kind
of workpiece is processed.

Non-electric orbital and random orbital sanders
80. The harmonised safety standard for non-electric orbital and random orbital sanders is BS EN
ISO 11148-8: 2011 [38]. Noise emission is measured and declared in accordance with ISO
15744 and the noise emission values must be included in the instruction manual.
81. BS EN ISO 11148-8 also requires the following additional information and/or warnings to be
included in the instruction handbook, unless the risk assessment shows they are not relevant to
a particular sander:
Clause 6.2.2.12
“Exposure to high noise levels can cause permanent, disabling hearing loss and other
problems, such as tinnitus (ringing, buzzing, whistling or humming in the ears). Therefore,
risk assessment and implementation of appropriate controls for these hazards are
essential.
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Appropriate controls to reduce the risk can include actions such as damping materials to
prevent work pieces from ‘ringing’.
Use hearing protection in accordance with employer's instructions and as required by
occupational health and safety regulations.
Operate and maintain the sander or polisher as recommended in the instruction manual, to
prevent an unnecessary increase in the noise level.
Select, maintain and replace the consumable/inserted tool as recommended in the
instruction manual, to prevent an unnecessary increase in noise.
If the sander or polisher has a silencer, always ensure it is in place and in good working
order when the tool is being operated.”
Clause 6.4.2.2
“If the values for noise emissions obtained during the appropriate tests do not adequately
represent the emissions during the intended uses of the machine, additional information
and/or warnings shall be supplied to enable an assessment and the management of the
associated risks.”
82. Many harmonised safety standards only require instruction handbooks to include a
recommendation to wear hearing protection. BS EN ISO 11148-8 requires the provision of
additional information that is potentially much more useful. However, it does not provide any
guidance on how to obtain this additional information, for example how to determine when
emission values do not adequately reflect real use risk and how to obtain real use noise levels
needed to assess and manage real use risk.
83. The noise test code BS EN ISO 15744: 2008 [39] is comparable with the noise test code in
Annex I of BS EN 62841-1. The A-weighted sound power level LWA is determined in accordance
with ISO 3744: 1994. Measurements are made at five microphone positions located on a
hemispherical/cylindrical measurement surface and LWA is given by L’pA + 11 dB; where L’pA is
the surface sound pressure level.
84. The A-weighted emission sound pressure level at the workstation LpA is determined in
accordance with BS EN ISO 11203: 1995 and is given by LWA – 11 dB. It is taken to be equivalent
to the surface sound pressure level at a distance of 1 m from the power tool. The standard also
provides guidance on the measurement of LpCpeak, which is taken to be the highest C-weighted
peak sound pressure level measured at any of the five microphone positions; no corrections are
permitted.
85. BS EN ISO 15744 requires that orbital and random orbital sanders are tested by trained
operators during sanding. The sander is fitted with sanding paper and operated on a horizontal
rigid plain steel plate. The feed force is specified and the operator is required to move the
sander over the surface of the steel plate in a figure-of-eight pattern. Measurements are made
three times and the average value is retained as the measured value. BS EN ISO 15744 states
that measurements made in accordance with this test code will result in standard deviations of
reproducibility σR for LWA and LpA of less than 1.5 dB.
86. The declaration of the noise emission values is made as a dual-number declaration in
accordance with ISO 4871. It comprises the noise emission value (LWA, LpA and LpCpeak) and
associated uncertainties (KWA and KpA); the likely values for K are 3 dB according to the basic
acoustics standards from which they were determined.
87. BS EN ISO 15744 contains a model form for declared noise emission values. This provides
manufacturers with a checklist of the noise emission information that they should provide with
their tools.
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88. While BS EN ISO 11148-8 requires manufacturers to provide (in instructions) information
and/or warnings to enable an assessment and the management of the associated risks, BS EN
ISO 15744 states (in the introduction) the purpose of the noise emission data is to compare the
acoustic performance of various power tools. It states:
“For many power tools in a real work situation the noise from the process dominates the
total noise emission in actual use. The process noise varies within very wide limits and
cannot be predicted. Users are cautioned that the emission sound pressure level as
determined by this code may not be representative of actual operator exposure levels,
which are unique characteristics of individual applications and environmental factors
beyond the control of the manufacturers of the equipment covered by this International
Standard, and are under the exclusive control (and therefore the responsibility) of the users
of the equipment.”
Identifying appropriate basic acoustics standards
89. The harmonised standards for orbital and random orbital sanders require use of BS EN ISO 3744
and BS EN ISO 11203 to determine the noise emission values LWA and emission LpA.
90. BS EN ISO 12001 provides the rules for drafting and presentation of a noise test code. The
section on determining methods for LWA comes before that for emission LpA. It is unclear to the
authors, whether those drafting noise test codes give priority to LWA when selecting appropriate
basic acoustics standards simply because of the order outlined in BS EN ISO 12001. For small
machines (< 1 m), BS EN ISO 11200 also encourages the determination of emission LpA from LWA.
91. The flow charts from BS EN ISO 3740 (Figure 1) and BS EN ISO 11200 (Figure 2) are intended to
provide guidance on the selection of appropriate basic noise emission standards for
determining LWA and emission LpA respectively. They were used to check the validity of the
standards used in the harmonised standards for orbital and random orbital sanders.
92. The flow chart in Figure 1 guides the user to select an appropriate measurement standard for
LWA. For sanders ISO 3744 is the natural choice, since they can be easily taken to a test
laboratory or test site, and a grade 2 engineering measurement method is preferred for noise
declarations.
93. The flow chart in Figure 2 guides the user to select an appropriate measurement standard for
emission LpA. Since a value of LWA has already been determined for the sanders, ISO 11203 is
identified as the most suitable method, where Q is equal to 11 dB.
HAND-HELD CONCRETE BREAKERS
94. The manufacturers, importers and suppliers of hand-held concrete breakers have to comply
with the noise requirements of the MD, but the LWA requirements are those of the OND. A
number of harmonised safety standards and noise test codes specify how the emission LpA and
LpCpeak required by the MD are obtained for concrete breakers. The OND provides a detailed
technical specification for measuring and reporting the guaranteed LWA for concrete breakers.
Determination of emission LpA in accordance with MD
Electric concrete breakers
95. Harmonised standards provide a presumption of conformity with the noise requirements of the
MD. For electric hand-held tools these are the BS EN 60745 series of standards, which are
currently being replaced by the BS EN 62841 series of standards. While BS EN 62841-1: 2015
has replaced BS EN 60745-1: 2009 + A11: 2010 [40] (which remains current and will cease to
provide presumption of conformity from 22 February 2018), there is no Part 2 for breakers in
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the BS EN 62841 series. BS EN 60745-2-6: 2010 [41] contains the requirements for hammers,
including concrete breakers and picks; this is listed in the Official Journal.
96. BS EN 62841-1 and BS EN 60745-1 define the same noise test code. LWA is determined in
accordance with BS EN ISO 3744 and emission LpA is calculated from LWA in accordance with EN
ISO 11203. LpA is given by LWA – 11 dB, based on measurements on a hemispherical/cylindrical
measurement array with radius 1 m (Figure 4).
97. The method for determining LWA for concrete breakers is modified by BS EN 60745-2-6, which
requires that LWA is determined using the method defined in the OND. Sound pressure levels
are measured at six microphones located on a hemispherical array with radius of either 2 m or
4 m depending on the mass of the breaker. LWA is given by L’pA + 20 dB (for a 4 m radius
hemisphere) and by L’pA + 14 dB (for a 2 m radius hemisphere).
98. BS EN 60745-1 provides some information on uncertainty. A standard deviation of
reproducibility of less than 1.5 dB is expected for the LWA determined according to BS EN ISO
3744 and the emission LpA determined according to BS EN ISO 11203. The noise declaration will
be a dual-number according to BS EN ISO 4871, declaring the noise emission value L (LWA, LpA
and LpCpeak) and the respective uncertainty K (KWA, KpA and KpCpeak). For a standard deviation of
reproducibility of 1.5 dB and for a typical standard deviation of production, KWA, KpA and KpCpeak
are expected to be 3 dB. It is not clear to the authors whether the LpCpeak value has an
associated uncertainty, and if so how it is determined. BS EN 62481-1 clearly states that if
LpCpeak is required it is taken to be the highest C-weighted peak sound pressure level measured
at any of the five microphone positions with no corrections applied.
99. BS EN 60745-1 requires the instruction manual include the following:
•

The noise emission values LWA, LpA and LpCpeak and the respective uncertainty KWA, KpA
and KpCpeak

•

A recommendation for the operator to wear hearing protection

100. There is more detailed information in BS EN 62841-1 compared with its predecessor BS EN
60745-1, especially in relation to uncertainty and possible limits of emission data.
Non-electric concrete breakers
101. BS EN ISO 11148-4: 2012 [42] is the harmonised safety standard for non-electric non-rotary
percussive power tools, which covers breakers. It is listed in the Official Journal [5]. This
standard has the same requirements for noise as BS EN ISO 11148-8, the harmonised standard
for non-electric orbital and random orbital sanders. Noise emission values are measured and
declared in accordance with BS EN ISO 15744 and information on noise has to be included in
the instruction handbook. This includes warnings on the noise hazards and some simple
control measures, as well as the requirement for additional information to enable potential
risks to be assessed and managed if the noise emission values do not adequately represent risk
during the intended uses of the tool.
102. While BS EN ISO 11148-4: 2012 requires the measurement and declaration of noise emission
values in accordance with ISO 15744 for non-rotary percussive power tools, this does not apply
to breakers. BS EN ISO 15744 states that “it is not applicable to breakers or other power tools
which, when placed on the market, are required to meet the provisions of legislation specifying
test methods and imposing limits on noise emission from, for example, equipment used
outdoors.”
103. The statement in BS EN SO 15744 excluding concrete breakers is in-line with the requirements
of the MD, which states that “where specific Community Directives lay down other requirements
for the measurement of sound pressure levels or sound power levels, those Directives must be
applied and the corresponding provisions of this section shall not apply”. However, while LWA is
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determined in accordance with the OND there is no guidance on determination of the emission
LpA for non-electric breakers. There is no harmonised noise test code, which means a test
method would have to be determined from first principles using an appropriate basic noise
emission standard.
Determination of LWA in accordance with OND
104. The OND cites basic noise emission standards, and provides general supplements to these
standards, for determining LWA. For concrete breakers (OND Item 10), LWA is determined
according to a method based on EN ISO 3744: 1995. Sound pressure levels are measured at six
microphones located across a hemispherical measurement surface, whose radius is either 2 m
or 4 m depending on the mass of the breaker. The OND provides coordinates for twelve
microphone positions but states “generally the arrangement with six microphone positions on a
hemispherical measurement surface has to be used”. EN ISO 3744: 1995 allows use of a
reduced number of microphone positions if preliminary investigations for a particular family of
machines show that the determined surface sound pressure levels do not deviate by more than
0.5 dB from those determined from measurements over the complete set of microphone
positions (Clause 7.4.2 EN ISO 3744: 1995). It is to be assumed that use of six microphones for
concrete breakers has been validated.
105. The A-weighted sound power level LWA is given by L’pA + 20 dB (for a 4 m radius hemisphere)
and by L’pA + 14 dB (for a 2 m radius hemisphere). L’pA is the surface sound pressure level which
is determined at least three times. If at least two of the determined values do not differ by
more than 1 dB, no further measurements are necessary. The L’pA used for calculating LWA is
the arithmetic mean of the two highest values that do not differ by more than 1 dB.
Corrections may need to be applied to correct for background noise but an environmental
correction is not needed for measurements on a reflecting surface of concrete or non-porous
asphalt.
106. The OND specifies the operating conditions for the concrete breakers during the noise tests:
•

The breakers are tested in the vertical position.

•

If the breaker has an air exhaust, its axis will be equidistant from two microphone
positions.

•

The noise from the power supply will not influence the measured noise emission
values.

•

The breaker will be coupled to a tool embedded in a concrete block during the test.
The block is placed in a concrete pit, sunk into the ground, on anti-vibration mounts to
avoid any parasitic noise. The concrete block is reinforced with an array of untied steel
rods.

107. The OND provides details for the testing device used to test the concrete breakers. The test rig
is complex and omissions and errors make it difficult to interpret some parts of the instructions.
The OND provides no information on how the breaker is supported during the noise
measurements or whether it should be operated by an operator. The breaker is supported in
the test rig during tests and does not break any surfaces.
108. The OND requires declaration of the guaranteed LWA, a value that takes into account the
uncertainties due to production variation and measurement procedures. The OND provides no
guidance on how to establish these uncertainties. According to BS EN ISO 3740: 2001, the
standard deviation of reproducibility is equal to or less than 1.5 dB for LWA determined in
accordance with BS EN ISO 3744, for sources which emit a relatively flat spectrum. BS EN ISO
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3744: 2010 provides more guidance on measurement uncertainty, although not on the
uncertainty due to production.
109. For certain categories of machine, including concrete breakers, the OND requires that the
guaranteed LWA does not exceed a permissible sound power level, which is specified in the
OND. For concrete breakers the permissible LWA is determined by the mass of the tool, for
example the limit is 105 dB for breakers less than 15 kg. This limit steadily rises with tool mass
to 110 dB or more based on the equation 94 + 11 log m, where m is the mass of the tool [7].
Identifying appropriate basic acoustics standards
110. The harmonised standards for concrete breakers require use of BS EN ISO 3744 to determine
LWA in accordance with the OND. While BS EN ISO 11203 is used to determine emission LpA for
electric breakers, there seems to be no harmonised noise test code for determining emission
LpA for non-electric breakers.
111. The flow chart in Figure 1 guides the user to select an appropriate measurement standard for
LWA. For breakers ISO 3744 is the natural choice, since they can be easily taken to a test
laboratory or test site, and a grade 2 engineering measurement method is preferred for noise
declarations.
112. The flow chart in Figure 2 guides the user to select an appropriate measurement standard for
emission LpA. Although a value of LWA has already been determined for the breakers in
accordance with the OND, the answer to the following questions taken from Figure 2 is “no”:
•

Do LWA and LpA differ by a machine definable value of Q?

•

Is the average LpA at a given distance from the machine (assuming this is either 2 m or
4 m according to the OND tests) representative of the emission LpA at the operator’s
position?

•

Is the breaker mounted too close to a wall from which sound is reflected to the
operator’s position?

113. Consequently, BS EN ISO 11200: 2014 requires the user to carry out an initial repeatability test
before selecting a suitable basic acoustic standard for determining emission LpA using the flow
chart in Figure 3. The flow chart identifies ISO 11201 (A.2 for grade 2 results) as the most
suitable basic acoustics standard for concrete breakers that are tested outside. ISO 11201
requires measurements of the A-weighted sound pressure level and the C-weighted peak sound
pressure level, if required, using a microphone at the operator’s position.
WOOD CHIPPERS
114. The manufacturers, importers and suppliers of wood chippers have to comply with the noise
requirements of the MD, but the LWA requirements are those of the OND. A harmonised safety
standard specifies how the emission LpA and LpCpeak required by the MD are obtained for wood
chippers. The OND provides a detailed technical specification for measuring and reporting the
guaranteed LWA for shredders/chippers. The standard test methods are described briefly in the
following sections.
Determination of emission LpA in accordance with MD
115. BS EN 13525: 2005 + A2: 2009 [43] provides a noise test code for wood chippers. However, this
standard is no longer listed in the Official Journal as it has been disputed following serious
safety concerns not related to noise. This means that, until the safety concerns have been
addressed by the appropriate CEN Technical Committee (CEN/TC 144 Tractors and machinery
for agriculture and forestry) there is no harmonised standard for wood chippers.
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116. The noise test code in BS EN 13525 applies to all wood chippers used when stationary, which
are powered either by an external power take-off, hydraulics, etc or by an integral power
source such as a combustion engine.
117. The emission LpA is measured in accordance with BS EN ISO 11201 or BS EN ISO 11204 (used to
engineering grade 2). The A-weighted time-averaged sound pressure level and the C-weighted
peak emission sound pressure level (if required) are measured at the operator’s positions, using
a head-mounted microphone. The operator is positioned so that they can control the infeed
action and as specified by the manufacturer in the instruction handbook. The standing
operator should be 1.75 m ± 0.05 m tall including shoes. This seems to be very specific. During
the tests, the wood chipper is standing on a hard reflecting surface, for example asphalt or
concrete.
118. As wood chippers are covered by the OND, the test method for determining LWA in the OND has
to be followed although BS EN 13525 also provides a method for determining LWA. The method
in BS EN 13525, described in this report for completeness, allows use of a number of basic
acoustics standards but preference is given to BS EN ISO 3744. Ten microphones are used on a
hemispherical surface with radius 4 m, 10 m or 16 m. The radius selected should be at least
twice the longest side of the reference parallelepiped; this wording is unclear without further
reference to BS EN ISO 3744. Six microphones can be used providing preliminary tests have
shown that the resulting LWA is within ± 1 dB of that determined using the ten microphone
array. The six microphone positions are identical to those specified in the OND.
119. BS EN 13525 specifies the same operating conditions for both the LpA and LWA tests.
Measurements are made while chipping a 4 m long x 50 mm x 50 mm air dry, moisture (18%)
pine or equivalent wood at the maximum input speed of the machine. Tests are repeated until
three consecutive A-weighted results give values within 2 dB. Measurement uncertainty should
be taken from the basic acoustic standards used, for example BS EN ISO 3744 and BS EN ISO
11201.
120. Noise emission values are declared and verified according to BS EN ISO 4871. The declaration
should report emission LpA and LpCpeak (when required) and the specified measurement
uncertainties. According to BS EN 13525, the declaration should include LWA where the
emission LpA exceeds 80 dB(A); this is wrong because for wood chippers, LWA is required by the
OND regardless of the emission LpA value. Further, the LWA value determined according to BS
EN 13525 does not satisfy the requirements of the OND because different operating conditions
are specified.
Determination of LWA in accordance with OND
121. For shredders/chippers (OND Item 50), LWA is determined according to EN ISO 3744: 1995. The
test area, measurement surface and number of microphones are determined by ISO 11094:
1991 [44]. This standard has been revised by ISO 5395-1: 2013 [45], which is listed in the
Official Journal. It contains a noise test code based on BS EN ISO 3744: 2010 for LWA and BS EN
ISO 11201: 2010 for LpA.
122. In accordance with ISO 11094, sound pressure levels are measured at six microphones located
across a hemispherical measurement surface whose radius is either 4 m or 10 m. It is unclear
to the authors which radius is suitable for wood chippers as the selection in ISO 11094 is
determined according to the cutting width of the machine; a radius of 4 m is selected for a
width of cut up to 1.2 m and 10 m for a width of cut exceeding 1.2 m. The cutting width is not
applicable for wood chippers. The coordinates of the six microphone positions used to test
wood chippers are identical to the six specified in the OND.
123. The A-weighted sound power level LWA is given by L’pA + 20 dB (for a 4 m radius hemisphere)
and by L’pA + 28 dB (for a 10 m radius hemisphere); L’pA is the surface sound pressure level
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which is determined at least three times. If at least two of the determined values do not differ
by more than 1 dB, no further measurements are necessary. The L’pA used for calculating LWA is
the arithmetic mean of the two highest values that do not differ by more than 1 dB.
Corrections may need to be applied to adjust for background noise and the environment,
although an environmental correction is not needed for measurements made outside.
124. The test area in ISO 11094 is specified as a flat open space, visibly free of sound reflecting
objects (trees, buildings, etc) within a circular radius equal to approximately three times the
radius of the hemispherical measurement surface used. The surface of the test environment is
either an artificial surface placed on a hard reflecting surface or natural grass.
125. The OND defines the operating conditions during the noise tests. The wood chipper is chipping
one or more pieces of round wood (dry pine or plywood) at least 1.5 m long, sharpened at one
end and whose diameter is approximately equal to the maximum that the shredder/chipper is
designed to process as specified in the manufacturer’s instructions. For machines that can both
shred and chip, the higher LWA has to be declared. The OND does not state how the test wood
is fed into the machine during measurements; it has been assumed that an operator will do
this.
126. The OND requires declaration of the guaranteed LWA, a value that takes into account the
uncertainties due to production variation and measurement procedures. The only guidance on
measurement uncertainty is found in EN ISO 3744: 1995. This states that the standard
deviation of reproducibility (σR) is equal to or less than 1.5 dB, excluding variations in operating
and mounting conditions and assuming the source emits a noise with a relatively flat frequency
spectrum. Measurement uncertainty, based on a 95% confidence limit, is given by ± 1.96σR and
is equivalent to ± 3 dB.
127. The Position Paper for the OND published in December 2001 [32] raised concerns about the
definition of shredders/chippers. It can apply equally to garden equipment and forestry
equipment, although these equipment types have different dimensions and modes of
operation. The Position Paper stated that the measurement cycle described in the OND (Item
50) cannot apply to wood chippers, which are defined as forestry equipment in BS EN 13525:
2005 + A2: 2009 [43] and recommended the following text (for inclusion in the OND):
•

Shredders/chippers will designate garden equipment.

•

Wood chipper will designate forestry equipment.

•

The measurement cycle described in the OND (Item 50) will be updated to reflect
technical progress for shredders/chippers and integrated with a suitable one for wood
chippers.

•

The choice between the two cycles will be taken according to the definition above.

128. The Position Paper suggested the following changes for wood chippers:
•

Measurements to be made in the open air.

•

Measurements made while chipping a 4 m long x 50 mm x 50 mm air dry, pinewood
lath at maximum input speed of the machine (this is consistent with BS EN 13525).

129. These changes have not been implemented in the OND, which suggests they have no legal
status.
130. According to the TNO report [35], BS EN 50434: 2014 (electric) [46] and BS EN 13683: 2003 +
A2: 2011 (combustion) [47] have been recommended for shredders and chippers (which are
considered as garden rather than forestry equipment); both are listed in the Official Journal.
Although outside the scope of this review, it is interesting to note that both of these
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shredder/chipper standards have the same noise test code. They require the use of two pieces
of dry pine (12 x 24 x 200 mm) for each test cycle, which is different from the test wood
specified in either the OND or BS EN 13525. The test pieces have been selected to give
repeatable results that do not significantly slow down the machine and are not influenced by
the operator. The direction of the chipper discharge is also specified to be in line with the xaxis of the microphone coordinate system. The TNO OND study does not appear to have
addressed the issues raised in the OND Position Paper [32] regarding the definition of
shredders/chippers, which can apply equally to garden equipment and forestry equipment.
Identifying appropriate basic acoustics standards
131. The noise test codes for wood chippers require use of BS EN ISO 11201 or BS EN ISO 11204 for
emission LpA and BS EN ISO 3744 for determining LWA. The flow charts in BS EN ISO 3740 and BS
EN ISO 11200 were used to check the validity of the selection of these particular basic acoustics
standards.
132. The flow chart in Figure 2 shows that ISO 11203 is not a suitable basic acoustics standard for
wood chippers, as the answer to all the questions in this flow chart is “no” (see Paragraph 112
for details). The flow chart in Figure 3 shows that, as it is practical to test wood chippers
outside, the most suitable basic acoustics standard is ISO 11201 (A.2 for grade 2 results). This
requires measurement of the A-weighted sound pressure level and the C-weighted peak sound
pressure level, if required, using a microphone positioned at the operator’s position.
133. The flow chart in Figure 1 shows that ISO 3744 is the natural choice for determining LWA for
wood chippers; they can be moved to a test site and a grade 2 engineering measurement
method is preferred for noise declarations.
PRINTING MACHINERY
134. Two series of safety standards apply to printing machinery: the BS EN 1010 series for printing
and paper converting machines and the BS EN 1034 series for paper-making and finishing
machines. The safety standards and noise test code for printing machinery are listed in the
Official Journal.
BS EN 1010 – Printing and paper converting machines
135. The BS EN 1010 series of standards comprises four parts with a fifth part available as a draft for
public comment. BS EN 1010-1: 2004+A1: 2010 [48] contains the common requirements.
Noise emission values are determined in accordance with BS EN 13023: 2003+A1: 2010 [49] and
declared as dual-number values according to BS EN ISO 4871. The instruction handbook will
contain the declared noise emission values LpA, and if needed, LpCpeak and LWA. The instructions
will also include information on the protective measures to be taken by the user, including
where appropriate, the personal protective equipment to be provided. BS EN 1010-1 contains
no guidance on measurement uncertainty.
BS EN 1034 – Paper-making and finishing machines
136. There are sixteen parts to the BS EN 1034 series of standards; all are listed in the Official
Journal. BS EN 1034-1: 2000+A1: 2010 [50] contains the common requirements. Noise
emission values are declared and verified in accordance with BS EN 13023. It may not be
possible to apply the noise test code in all situations. For example, large complex machines
may be installed for the first time in the user’s premises, where it is not possible to isolate the
noise from that generated by neighbouring machines. In these situations, BS EN 1034-1 allows
the declared noise emission to be based on predictive calculations from either:
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•

Noise emission data from component parts previously tested or

•

Best technical estimates using archive/historical data from similarly installed machines.

137. BS EN 1034-1 contains no specific requirements for noise information to be included in the
instruction handbook, although machine-specific requirements are included in other parts of
this series of standards. Nor does it contain any guidance on measurement uncertainty.
Noise test code
138. BS EN 13023: 2003+A1: 2010 is a harmonised noise test code for machinery used in the printing
industry. It specifies noise measurement methods and installation and operating conditions to
be used for the noise tests. The declared noise emission values are intended to permit
comparison of printing and paper machines on the market.
139. The emission LpA is determined according to BS EN ISO 11204 (accuracy grade 2). Where this
standard is not applicable, BS EN ISO 11204 (accuracy grade 3) or BS EN ISO 11202: 1995 can be
applied. Where measuring is made difficult due to strong environmental influences, such as
sound reflections from walls and high levels of noise from other sources, BS EN ISO 11203
(accuracy grades 2 or 3) may be applied if LWA has been determined using sound intensity
measurements in accordance with BS EN ISO 9614-1 or BS EN ISO 9614-2. The flow charts in
Figure 1 and Figure 2 indicate the circumstances when BS EN ISO 11203 may be selected.
Although the standard allows the use of accuracy grade 3 methods, the test report must state
the justification of their use.
140. The C-weighted peak emission sound pressure level is determined, as required, but no further
guidance is provided on how this should be done.
141. BS EN 13023 recognises that LWA is only required when the emission LpA exceeds 80 dB(A). LWA
is determined according to BS EN ISO 3744, BS EN ISO 9614-1 (accuracy grade 2) or BS EN ISO
9614-2 (accuracy grade 2). Again, the noise test code allows the use of accuracy grade 3
methods but justification is required.
142. For large machines, instead of the LWA, the standard allows determination and declaration of LpA
values at specified measurement points around the machine, in line with the requirements of
the MD. Measurement positions are generally specified at 1.6 m above the floor or access level
and 1 m from the machine surface. BS EN 13023 defines “large machines” as those where the
greatest linear dimension exceeds 15 m.
143. Operating conditions with significant noise emission are specified in the normative annexes A
to J of BS EN 13023. The annexes cover a range of printing machinery: machines for the
preparation of wood pulp and cellulose; paper, board and de-watering machines; finishing
machines; machines for the production of printing formes; printing presses; and paper
converting machines.
144. The operating conditions are representative of normal running of the machine or typical
operations; they include speed, substrate size and quality, web width, cutting angle, material
feeding, etc. The measurement positions include control desk, delivery unit, feeding unit,
winding unit, unwinding unit, etc. For some machine types, for example paper, board and dewatering machines and coaters, the operating conditions are as agreed between the
manufacturer and user.
145. The noise emission values are declared as dual-number values in accordance with BS EN ISO
4871. The measurement uncertainty of the noise emission values are assumed to comply with
the accuracy grade of the methods applied, for example the standard deviation of
reproducibility for BS EN ISO 11204 is 1.5 dB (accuracy grade 2).
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Identifying appropriate basic acoustics standards
146. The noise test code for printing machinery allows use of several of the basic acoustics
standards: BS EN ISO 11204, BS EN ISO 11202 or BS EN ISO 11203 for emission LpA and BS EN
ISO 3744, BS EN ISO 9614-1 or BS EN ISO 9614-2 for LWA. It does not reference BS EN ISO 11205,
which describes an engineering method for determining emission LpA value in-situ using sound
intensity. This method is particularly recommended for machines that cannot be moved and
which are located in highly reverberant environments. However, it relies on the availability of
sound intensity measurement equipment and the difference of more than 10 dB between the
sound intensity level measured at the workstation with the source under test in operation and
switched off.
147. The flow chart in Figure 1 shows that where it is practical to move printing machinery to a test
site or laboratory, ISO 3744 is a suitable grade 2 engineering measurement method. This is only
likely to apply to smaller printing machines. For those machines that have to be tested in-situ
and where background noise levels are too great to allow sound pressure measurements,
ISO 9614 (grades 1, 2 or 3) is an appropriate method for determining LWA.
148. Figure 3 shows that a number of different measurement methods can be used to determine LpA
for printing machinery:
•

BS EN ISO 11202 (method A.2) assuming the machinery can be tested in a large hall.

•

BS EN ISO 11204 if it is necessary to determine LWA.

•

BS EN ISO 11202 (method A.1) if there is a dominating source on the machine radiating
towards the workstation.
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HSE INVESTIGATIONS OF NOISE EMISSION DATA
149. HSE researchers investigated a small number of noise test codes for machines including
sanders [51], [52], hand-held concrete breakers [53], wood chippers [54], [55] and printing
machinery [56] for the purpose of:
•

Assessing the usability of the noise test code.

•

Assessing the reproducibility of the noise emission data obtained in accordance with
noise test codes, by comparing measured noise emission values with manufacturers’
declared noise emissions.

•

Assessing the credibility of declared noise emissions to:
o

Identify low noise machinery and

o

Represent noise risk during typical use.

150. The HSE studies have been reviewed to investigate:
•

The usability of the methods used to determine emission LpA and LWA and measurement
uncertainty data.

•

The usability of the noise emission data and associated uncertainty data provided to
fulfil the noise requirements of the MD, to assist the selection of low noise machinery
and provide information useful for a workplace noise assessment.

ORBITAL AND RANDOM ORBITAL SANDERS
Usability of standard test
151. Two different test methods exist for sanders depending on how they are powered. Electric
tools are tested without an operator and under no load conditions, while pneumatic tools are
tested by a trained operator carrying out a sanding task. The noise test codes both give priority
to determination of LWA from the surface sound pressure level, which is the average noise level
generated by the tool over a specified measurement surface. For sanders, sound pressure
levels are measured at five microphones positioned across a hemispherical/cylindrical surface
with radius 1 m as shown in Figure 4. These measurements are used to calculate the
logarithmic average sound pressure level over the measurement surface. According to BS EN
62481-1: 2015, the emission LpA at the workstation is taken to be equivalent to the value of the
surface sound pressure level at a distance of 1 m from the sander.
152. HSE researchers obtained noise emission data for electric and pneumatic sanders [51] by
constructing the standard test rigs and following the measurement methods defined in the
harmonised safety standards and noise test codes. Although it was not difficult to carry out the
noise tests as defined in the standards, HSE could not verify the manufacturers’ declared noise
emission data for over half of the thirteen sanders tested. It was difficult to verify the
manufacturers’ data as many had not provided adequate information with the noise emission
values. Common omissions were descriptors for the numerical values, which could have been
either LpA or LWA, and no information on the test code used to determine the emission data.
153. Prior to 2003, the noise test code for electric sanders used a 2 m cuboid measurement surface
rather than a hemispherical/cylindrical surface; the Q value changed from 13 dB to 11 dB with
the publication of the 2003 revision of BS EN 60745-1. The noise emission values were
therefore declared 2 dB lower when tested after 2003, due to changes in the test method and
not actual tool noise. This example highlights how important it is for manufacturers to fully
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describe the measurement methods and operating conditions used, as required by the MD.
Some harmonised safety standards include the statement:
“The noise declaration shall state that the noise emission values have been obtained
according to this noise test code. If this statement is not true, the noise declaration shall
indicate clearly what the deviations from this standard, and from the basic standards, are.”
154. HSE researchers reviewed noise emission data in more than 60 instruction manuals for sanders,
most of which had gained presumption of conformity through application of a harmonised
standard [52]. Nearly 75% of the instructions referenced an appropriate noise test code,
although important details such as part number and date were missing from more than half of
these. A key finding in this study was that 15% of instruction manuals provided for currently
available sanders did not contain any noise emission data. This is despite the requirements of
the MD, implemented in the United Kingdom by the Supply of Machinery (Safety) Regulations
2008 [57], and the safety standards and noise test codes intended to help manufacturers
comply with their legal duties with regard to noise.
Usability of noise emission data
155. HSE researchers obtained noise data for sanders under real use conditions by making:
•

Measurements at the operator’s position with corrections applied (where necessary)
for background noise and the acoustic environment in accordance with BS EN ISO
11202 [28].

•

Measurements of the equivalent A-weighted continuous sound pressure levels (LAeq) at
the operator’s ear during sanding operations; no corrections were applied as no other
noise sources were present during the measurements.

156. Table 4 and Figure 5 show noise data for a sample of sanders, including real use noise data
measured by HSE and manufacturer’s declared noise emission LpA values currently available for
the same tools. For all but one of the sanders, the manufacturers’ declared emission LpA values
underestimated real use levels by between 3 and 17 dB(A); the mean difference was 9 ±
5 dB(A). It is clear that the noise test code for sanders does not provide emission data that
reflect real use levels. Similar results have previously been reported:
•

Shanks [51] showed that real use levels for a range of sanders was typically 9 ± 6 dB(A)
higher than declared emission LpA values.

•

Patel and Hewitt [52] showed that real use levels were typically 12 ± 2 dB(A) higher
than declared emission LpA values for electric sanders and 9 ± 6 dB(A) higher for
pneumatic sanders.

157. According to the harmonised standards for orbital and random orbital sanders, the value for
the uncertainties KpA and KWA are expected to be 3 dB. Patel and Hewitt [52] found that in a
sample of 65 instruction manuals for sanders, approximately half included uncertainty data and
these values were typically 3 dB. No uncertainty data was provided in 33 of the 65 instructions.
158. The purpose of the K value may not be clear to users of machinery. The following statement is
included in noise declarations drafted in accordance with BS EN ISO 4871: 2009: “The sum of a
measured noise emission value and its associated uncertainty represents an upper boundary of
the range of values which is likely to occur in measurements”. This suggests that application of
the K value to the emission value gives an upper limit value; but it is not clear to the authors
what “measurements” that upper limit applies to. It is assumed to be those carried out during
the emission tests, rather than real use measurements. However, it may be that users would
combine the emission LpA + K value to establish a typical in-use level; for sanders emission LpA +
K value still underestimates the noise generated by sanders during typical use. The standard
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phrase included in standards requires modification to make it clear to what measurements the
upper boundary applies.
159. Emission LpA values may not represent real use levels for a number of reasons:
•

The operating conditions may not be representative of the noisiest operation in typical
use of the machine

•

The surface sound pressure level at 1 m may not be a good indicator of noise at the
operator’s position.

160. The noise test codes specify different operating conditions for electric and pneumatic sanders.
Electric sanders are tested at no load and pneumatic sanders are tested by operators during
sanding. Testing electric tools to the pneumatic standard, that is, under load and with an
operator, resulted in lower emission LpA values. These results show that including realistic
operating conditions in a noise test code may not result in emission values that better
represent the noise generated during normal use. The operating conditions simply have to be
representative of the noisiest operation in typical usage of the machine under test.
161. Noise test codes for sanders determine the sound power level from measurements of surface
sound pressure level. The emission LpA is equivalent to the value surface sound pressure level
at a distance of 1 m from the tool [36]. The real use noise levels show that this assumption
does not work for sanders, which are likely to be located more closely to the tool operator
during use. The equation provided in Annex I.2.3.1 BS EN 62841-1 (and reproduced in
Paragraph 73) was used to estimate LpA at 0.3 m, representing a more typical distance between
the tool and the operator. It provided a correction of 10.5 dB, which when added to the
declared emission LpA values brought them much closer to the real use noise levels measured
by HSE. The emission LpA values for sanders obtained from measurements 1 m from the tool
are not credible indicators of real use risk. The equation that can be used to modify the
declared emission data to provide a better indicator of noise hazard is not readily available to
users.
162. The real use levels shown in Table 4 show that sanders can be noisy, with noise levels at the
operator’s ear up to 90 dB(A). According to the safety standard for electric sanders [36], the
instruction manual should state that the declared noise emission values can be used in a
preliminary assessment of exposure. The data included in Table 4 shows that for the majority
of the sanders this is not appropriate guidance. Preliminary noise exposure assessments based
on these declared emission LpA values are likely to underestimate the noise risk during real use
and therefore mislead users with regard to the actual risk that needs to be controlled. An
estimation of the emission LpA at a distance closer than 1 m should be investigated further to
see if it can provide a value that both adequately reflects the real use noise hazard and enables
a comparison of the noise emission of competing sanders.
163. The current safety standard for pneumatic sanders [38] requires additional information and/or
warnings when declared noise emission data do not adequately represent emissions during the
intended uses of the sander. These warnings are then intended to enable the associated risks
to be assessed and managed. Additional numerical information was not provided in any of the
sander instruction manuals HSE assessed [52]. Some of the instructions warned that the
emission data were not adequate for use in an exposure assessment as workplace levels may
be higher; others suggested declared noise emission data could be used in a preliminary
exposure assessment.
164. The range of reported real use values in Table 4 is approximately 5 dB, with absolute sound
pressure levels generally between 85 and 90 dB(A). This range is considerably smaller than the
range of more than 10 dB in the manufacturers’ declared emission LpA values for the same
tools. The real use data suggest that there may be an opportunity to reduce noise at the ear by
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up to 5 dB by using the quietest rather than the noisiest sander. However, the emission LpA
values in Figure 5 also show that they cannot be used to reliably rank competing sanders to
identify low or lower noise machines in actual use, so it may be difficult to achieve the 5 dB
potential reduction.
Table 4: Declared emission LpA values and typical real use noise levels
Tool ID

Real use mean
LpA dB(A)
89
90
86
89
89
83
86
85
87
89
85
85
88
90

A
B
C
D
E
F
G
H
I
J
K
L
M
N

Standard
deviation dB
2.0
2.3
1.9
1.6
1.8
1.4
1.0
2.2
0.6
0.3
0.3
0.4
0.3
0.5

Manufacturer’s
declared LpA dB(A)
80
86
72
78
78
80
89
73
83
83
74
74
73
73

KpA dB
3
3
3
3
3
2
2
2
-

Sound pressure level dB(A)

95
90
85
80
75
70
A

B

C

D

E

F

G

H

I

J

L

K

M

N

Manufacturers' declared emission LpA and K value
Real use sound pressure level at operator's ear and std dev

Figure 5: Comparison of declared and real use noise levels for orbital and random orbital sanders
HAND-HELD CONCRETE BREAKERS
Usability of standard test
165. The manufacturers of hand-held concrete breakers are required to provide emission LpA values
to comply with the requirements of the MD, but the LWA requirements are those of the OND.
HSE did not determine emission LpA. However, a review of current safety standards for
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breakers has shown that it is difficult to identify an appropriate method for determining this
value.
166. For electric breakers BS EN 60745-1 and BS EN 60745-2-6 require measurements over different
measurement surfaces. Part 1 specifies a hemispherical/ cylindrical surface with radius 1 m, as
shown in Figure 4; the emission LpA is assumed to be LWA – 11 dB. Part 2 specifies a
hemispherical measurement surface with radius either 2 m or 4 m in accordance with the OND.
There is an assumption that the equation provided in BS EN 60745-1 for determining emission
LpA can be applied independently of the measurement surface used to determine the LWA. BS
EN 60745-2-6 provides no comment on the impact of different measurement surfaces.
167. There are also problems for non-electric concrete breakers as the noise test code referenced in
the safety standard BS EN 11148-4 does not apply to breakers, or any power tools covered by
other legislation such as the OND.
168. The test method for LWA defined in the OND is based on measurements at six microphones
positioned on a hemispherical array. HSE constructed the test rig specified in the OND at the
Buxton laboratory and used this to determine LWA values for six breakers [53]. A number of
omissions in the standard and practical technical issues were identified during the construction
of the OND test rig including:
•

There was no information on how to support the breaker during the noise tests

•

It was impossible to reinforce the concrete blocks using untied rods as required

•

There were omissions and errors in some of the technical drawings in the OND

169. HSE did not verify the manufacturers’ declared LWA values for most of the breakers tested; this
could have been, in part, due to the omissions and technical difficulties identified.
170. A review of current standards for concrete breakers has shown that manufacturers, and the
noise consultants they may use, need a high level of understanding of acoustics and noise test
codes to provide declared noise emission data that satisfy the MD noise requirements.
Although a clearly defined and consistently referenced method is available for determining LWA,
omissions and technical difficulties make it difficult to interpret parts of the test. There is no
harmonised noise test code for emission LpA, which will need to be determined from first
principles, using for example the method defined in BS EN 11201. This standard advises that,
where possible, machines are tested under conditions that are reproducible and representative
of the noisiest operation in typical usage. While this should result in emission data that reflect
real use noise, for example by testing during breaking operations, there is scope for different
manufacturers to test breakers under different operating and mounting conditions. This could
make it difficult for users to compare the noise emission values of competing breakers.
Usability of noise emission data
171. HSE did not determine emission LpA values for concrete breakers so it is not possible to assess
the usability of emission data for assessing real use noise risk. A-weighted continuous sound
pressure levels (LAeq) were measured at the operator’s ear during the emission tests and during
real use breaking of tarmac and concrete surfaces [53]. These measured values are shown in
Figure 6; the error bars are standard deviations based on repeat measurements with different
operators and different test surfaces.
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Figure 6: Comparison of breaker noise levels measured at the operator’s ear during emission tests
and real use breaking tasks
172. The noise levels measured at the operator’s ear during the emission tests were generally
comparable with, or greater than those measured during real use; the LAeq values were
between 92 and 97 dB(A) during the emission tests and between 93 and 96 dB(A) during real
use tests. The range of measured values is small taking into account all measurement
uncertainties.
173. The concrete breakers tested at HSE’s laboratory in Buxton were supplied with declared LWA
values that ranged from 106 to 111 dB(A); HSE measured LWA values were between 107 and 114
dB(A). The declared LWA is a guaranteed LWA, which takes into account measurement and
production uncertainties. One of the breakers HSE tested provided a dual-number declaration,
with values provided for LWA and K. The K value was 1 dB; no information was provided to
indicate how this value has been obtained.
174. The real use data show that although the declared noise emission values (LWA) indicate
significant differences between breakers, they indicate a difference larger than the relative
noise hazard associated with individual breakers during real use. Real use noise levels for the
breakers tested were within 3 dB.
175. Patel [53] determined LWA values for the same breakers tested in the OND test rig during real
use breaking tasks on tarmac and concrete. The real use LWA values were between 2 and 7 dB
higher than the declared emission values; they were between 111 and 115 dB(A). It is likely the
real use levels were higher due to the additional noise generated during the breaking process
(interaction of steel and surface). Breakers are tested under load in the current breaker
standards, using a test rig that ensures the measured noise reflects machinery and not process
noise. During typical use, the user will have to assess and control all the noise generated by the
breaker not just machinery noise. It is questionable whether the operating conditions specified
for breakers are representative of the noisiest operation in typical usage, which is required
according to BS EN ISO 12001. The information reported according to the noise emission test
code is insufficient to enable the use of concrete breakers without risk from noise.
176. The OND sets a maximum permissible sound power level for concrete breakers. All but one of
the breakers tested by HSE declared at or within 2 dB below this permissible level. The OND
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(Article 16) requires publication of data for machines covered by the OND, which includes the
measured and guaranteed LWA values. The noise emissions for outdoor equipment included in
this European Commission database [58] shows that reporting guaranteed LWA values just
below the permissible level is widespread, even when the reported measured LWA values are
lower by 10 dB or more. Examples of this are shown in Figure 7, which is an extract taken from
the European Commission database.
177. Manufacturers choosing to declare at or close to the permissible levels set in the OND may
make it difficult for users to identify lower noise machinery based on the guaranteed LWA. The
emission data for breakers in the OND database shows that true differences between
competing machines may be masked by declaration at or near the limit value. The measured
LWA values, which are also reported by the European Commission, may provide a more reliable
way of comparing noise emissions of competing machines.
178. In general, using manufacturers’ declared LWA values as the basis of selecting and purchasing a
concrete breaker will not reliably result in the selection of a tool that is low or lower noise in
conditions of real use. Based on the sample of breakers tested by HSE, the practical benefit of
selecting breakers on the basis of manufacturers’ noise emissions is limited when the
difference between the quietest and loudest breakers is less than 5 dB.
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Figure 7: OND Database [58] – extract showing data for concrete breakers (information on
manufacturers and machine models deliberately not shown)
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WOOD CHIPPERS
Usability of standard test
179. The manufacturers of wood chippers are required to provide emission LpA values to comply with
the requirements of the MD, but the LWA requirements are those of the OND. Brueck [54]
identified a number of issues with the test method in relation to the measurement position and
the wood specified for the tests. A review of the OND noise test code for wood chippers [55]
and the associated standards also identified numerous problems that could affect the
consistency of the declared noise emission values.
Operating conditions
180. Work carried out by HSE in 2007 [54] showed that noise emission values for wood chippers are
dependent on the type of material being processed, especially in line of sight of the infeed
hopper. Wood chippers are quietest when processing untrimmed wood with soft branches,
which may cushion impacts within the hopper. Higher noise levels are generated with trimmed
logs. The square cut timber specified in BS EN 13525 creates additional, often predominantly
high frequency, noise which may arise from impacts in the infeed hopper. This additional noise
often dominates typical operating noise, which could cause problems when ranking competing
wood chippers in terms of declared noise emission values or operator noise exposure.
181. Different wood types are specified in the noise test codes for wood chippers. BS EN 13525
(MD) uses 4 m x 50 mm x 50 mm pine laths, for both emission LpA and LWA. The OND specifies a
round log of dry pine or plywood at least 1.5 m long, sharpened at one end and with a diameter
equal to the maximum the wood chipper is designed to accept. A further complication is that
the Position Paper for the OND [32] recommends use of the BS EN 13525 wood in the OND
noise test code.
182. Brueck tested wood chippers using the different woods specified in the MD and the OND [55].
The emission LpA values shown in Figure 8 were between 109 and 117 dB(A) using the wood
required by BS EN 13525 and 104 and 112 dB(A) using the wood required by the OND. The
emission LpA values were up to 8 dB higher using the pine laths compared with those generated
using the round logs (mean difference 6 dB). Measured LWA values were between 119.5 and
125 dB(A) using the pine laths (MD) and between 113.5 and 120 dB(A) using round logs; LWA
values were typically 5 dB higher when the wood chippers were tested under the MD operating
conditions (pine laths).
183. If emission values can vary by 5 to 6 dB depending on the wood type selected, it is essential
noise test codes clearly specify the wood type to be used. It is unclear to the authors why the
Position Paper suggests use of pine laths instead of round logs, when the resultant emission
data can be up to 6 dB higher. Until the OND is revised, the wood it specifies must be used to
determine LWA for wood chippers. The situation for manufacturers is confusing; do they
determine emission LpA values using the pine laths specified in BS EN 13525, or do they comply
with the requirements of Clause B.5.1 of BS EN 13525, which states that “the operating
conditions shall be strictly the same for the determination of both sound power level and
emission sound pressure level”? Clarification is needed urgently as there are several scenarios
likely depending on how the requirements of the MD and OND are interpreted:
•

Emission LpA and LWA are determined using the round logs because the MD gives priority
to the requirements of the OND for LWA.

•

Emission LpA and LWA are determined using pine laths because BS EN 13525 requires
that the same operating conditions for both.

•

Emission LpA is determined using pine laths and LWA is determined using round logs.
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Figure 8: Comparison of emission LpA values obtained under different test conditions and some
real use levels
184. It is unclear to the authors why the harmonised safety standard for wood chippers includes a
method to determine LWA when a method is already provided in the OND. The OND defines a
shredder/chipper as:
“A powered machine designed for use in a stationary position having one or more cutting
devices for the purpose of reducing bulk organic materials to smaller pieces. Generally it
consists of a feed intake opening through which material (which may be held by an
appliance or not) is inserted, a device which cuts up through the material by whatever
method (cutting, chopping, crushing or other methods) and a discharge chute through
which the cut material is discharged. A collecting device may be attached.”
185. It may be that there are shredders/chippers outside the scope of the OND definition for which
the method in BS EN 13525 applies, but if so these machines need to be more clearly defined.
Measurement method
186. According to BS EN 13525, emission LpA values required by the MD can be determined using BS
EN ISO 11201. This standard specifies alternative microphone positions depending on how the
machine is operated, for example positions by: a seated operator, a standing stationary
operator and an operator moving along a specified path. BS EN ISO 11201 prefers the machine
under test to be unattended, but BS EN 13525 requires the operator to be present and
“positioned so that he/she is able to control the infeed action and as specified by the
manufacturer in the operator’s instruction handbook”.
187. Brueck placed a microphone at the operator infeed position to measure emission LpA values;
the microphone was placed at ear height on a stationary operator [55]. However, there was a
risk in this position of the operator being struck by the test wood, which moved erratically as it
was fed into the wood chipper. A microphone mounted on a stand was therefore positioned
the same distance from the centre of the infeed hopper as the operator’s location when
feeding the wood into the chipper. This allowed the operator to move to one side once the
wood was feeding into the wood chipper. The results from the microphone mounted on the
stand were within 2 dB of those measured using a dosemeter worn by the operator.
188. There is scope for making measurements at different operator positions based on the
description provided in BS EN ISO 11201 and BS EN 13525, in particular taking into account the
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statement “as specified by the manufacturer in the operator’s instruction handbook”. A review
of wood chipper instructions provided the following advice regarding operator position:
•

•

•

Timberwolf (TW150DBH):
o

“BE AWARE…awkward shaped wood being chipped can thrash from side to side in
the funnel with great force. Stand clear of wood extending from the funnel.”

o

“Load wood from either side of funnel opening avoiding the middle as much as
possible.”

GreenMech Ltd Safe-Trak 19-28 Mk2:
o

“Stand to one side of the infeed rollers to avoid being hit by ejected material.”

o

“Use a push stick at least 1.5 m long for both short produce and for the last piece of
product to be chipped.”

o

“Stand to side of infeed chute, NOT in centre.”

o

“Stand at side of machine……to avoid being struck by branch when feeding green
waste into cutters.”

Vermeer Brush Chipper operation and safety video:
o

“Make it a practice to always feed from the side rather than directly behind the
machine. As soon as the limb starts feeding, release the limb and turn away; let the
feed mechanism pull the material into the machine.”

189. While the instructions identify safe operator positions and practices, it may be difficult to use
this information to set measurement positions for the noise emission tests. It could be difficult
to compare the emission data from competing machines if the reported noise levels were
measured at different positions. The instructions reviewed typically provided a general
statement, for example “noise levels above 85 dB(A) will be experienced at the working
position”. They did not specify the precise location at which emission LpA values had been
determined.
190. BS EN ISO 11201 allows measurements for an operator moving along a specified path. This may
be an option for wood chippers, depending on their size and the distance the operator moves
around the machine during typical use, at least to determine how the noise level varies at
different operating positions.
191. For determination of LWA, the OND states that the measurement surface, number of
microphone positions and the measuring distance are as specified in ISO 11094: 1991. This
obsolete standard defines six microphone positions, which correspond to the six microphone
positions on a hemispherical surface specified by the OND.
192. BS EN ISO 3744: 2010 defines coordinates for six, ten, twelve and twenty microphone positions
from which LWA can be determined. The alternative microphone positions defined in Annex F of
BS EN ISO 3744: 2010 are the same as the twelve positions defined in the OND. They may be
used when the purpose of the measurements is to determine LWA directly from measurements
of the A-weighted sound pressure levels on a hemisphere. They can be applied, for example, to
sources used outdoors where noise radiated horizontally (to bystanders) is important.
193. Brueck [55] used the ten and twenty microphone positions specified in BS EN ISO 3744: 2010.
The data for one of the wood chippers tested are shown in Table 5. Wood chippers emit highly
directional sound and if six microphone positions are used as preferred by the OND, LWA can
vary by up to 6 dB by changing the orientation of the wood chipper in the array. Smaller
differences up to 3 dB were also observed depending on the number of measurement positions
used to determine LWA. The noise test code for wood chippers should be more clearly defined
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regarding the number of microphone positions and, more importantly, the orientation of the
wood chipper within the microphone array.
Table 5: LWA values for a wood chipper showing the impact of the number of microphone positions
Number of
microphone positions
10
20
6
6

Standard test
(microphone orientation where relevant)
ISO 3744: 2010
ISO 3744: 2010
ISO 11094: 1991
(hopper orientated towards a microphone position)
ISO 11094: 1991
(hopper orientated between individual microphone
positions)

LWA dB(A)
115.3
115.8
118.5
113.5

194. The OND noise test code for wood chippers references ISO 11094: 1991 for selecting the radius
of the hemispherical measurement surface used to determine LWA. This standard is intended
for powered grass-cutting machines and selection of the radius of the measurement surface is
defined in terms of cutting width. It cannot therefore apply to wood chippers. ISO 11094
requires measurements over a hemispherical array with radius 4 m or 10 m. BS EN ISO 3744:
2010 states that the measurement radius shall be at least twice the characteristic source
dimension extended to the next higher value in the series 4 m, 6 m, 8 m, 12 m, 14 m, 16 m.
Brueck [55] showed that comparable results were obtained using microphones positioned on a
6 m and 4 m radius. These results suggest that any radius between 4 m and 10 m will provide a
repeatable and valid result.
195. The OND requires wood chippers to be tested on a measurement surface that is specified in ISO
11094, which defines two surfaces:
•

An artificial surface (for example 20 mm thick mineral fibre) positioned on a hard
reflecting surface.

•

Natural grass.

196. While these surfaces may be appropriate for testing grass-cutting machines, they are not for
wood chippers. Measurements to determine LWA are more typically made on a hard reflecting
surface of concrete or non-porous asphalt.
Uncertainty data
197. The provision of uncertainty data is required by the MD. BS EN 13525 requires a dual-number
declaration with the standard deviation of reproducibility determined by the grade of accuracy
of the measurement method used; typically 1.5 dB for grade 2 accuracy. Brueck [55] presented
standard deviations of repeatability for wood chippers based on measurements; the values
were typically 1.5 dB for emission LpA and 1 dB for LWA. Using the standard deviations of
reproducibility and repeatability according to BS EN ISO 4871 gave a K value of 4 dB for
emission LpA and a K value of 3 dB for LWA.
198. The OND requires the declaration of a guaranteed LWA value but provides no guidance on how
to determine this value, from the measured LWA, or the uncertainty due to the measurement
procedure and production variation. Although the Position Paper outlined a method of
determining the guaranteed LWA, it provided no specific details on, for example, how to
calculate K. Uncertainty data for competing machinery must be determined using a consistent
approach to ensure guaranteed LWA values are comparable.
199. Guaranteed and measured LWA values for shredders and chippers included in the European
Commission noise database [58] suggest that uncertainty data are typically between 1 and 3 dB
(based on the difference between the reported guaranteed and measured LWA values). The
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database includes machinery where differences are up to 33 dB, which suggests that the
guaranteed value is derived without taking close account of the uncertainty in the measured
value.
Peak noise emission values
200. All the wood chippers tested by Brueck gave LpCpeak values at the operator’s position above the
declaration threshold of 130 dB(C). BS EN 13525 provides no guidance for measuring LpCpeak but
BS EN ISO 11201 requires a measurement that includes at least ten peak events, the highest of
which is reported.
201. The peak events generated during wood chipping were random and the number of events in
any chipping cycle is indeterminate. Brueck [55] presented mean and highest LpCpeak values for
the wood chippers HSE tested. The difference between the mean and highest values for each
wood chipper varied from 1.5 dB to 6 dB; suggesting that for some machines individual LpCpeak
values varied widely. The LpCpeak values indicated clearly the presence of a peak noise hazard
during wood chipping; the highest LpCpeak values ranged from 134 to 142 dB.
Reference to obsolete standards
202. A common problem for many of the machines covered by the OND is that the noise test codes
defined in the Directive reference dated standards. Some of these standards are obsolete,
while others have been replaced by revised versions. For example, the noise test code for a
wood chipper references ISO 11094: 1991 (obsolete) and EN ISO 3744: 1995 (withdrawn and
replaced by a newer version).
203. It is important to reference dated standards, especially when the contents (for example, test
methods or reporting requirements) change significantly in between revisions. However, it is
possible that a manufacturer or noise expert determining the LWA for wood chippers may find it
difficult to justify use of obsolete standards, just because they are referenced in the OND;
especially when newer (and maybe improved) versions of the standards referenced exist. It
might also be the case that someone carrying out the noise test code will simply use the
current versions of the standards referenced. Unfortunately the determined LWA value may
vary according to which version of the referenced standard is used.
Usability of noise emission data
204. Work carried out by Brueck in 2007 showed that many manufacturers did not provide noise
emission data for wood chippers, either in the instruction manuals or in sales literature online
[54]. The information provided with a sample of eleven wood chippers showed that only two
had emission LpA values but nearly all had LWA values. Information was not provided on the
measurement method or operating conditions for the majority of these machines. The LWA data
cannot be used in a noise risk assessment but may be used to identify low noise designs of
competing machinery. Brueck [55] did not compare guaranteed LWA values with real use noise
levels for wood chippers, so it is not possible to assess their usefulness for identifying wood
chippers that are low or lower noise during real use.
205. The noise test codes produce emission data that clearly show there is a noise risk associated
with using wood chippers. Emission LpA values were up to 117 dB(A) when chipping pine laths
and up to 112 dB(A) when chipping round logs. These data are shown in Figure 8. However,
the emission values are dependent on the type of wood used during the tests. Brueck [55]
showed that emission LpA values for wood chippers chipping dry pine laths (MD) were typically
6 dB higher than chipping round logs (OND) and 8 dB higher than chipping brash.
206. While BS EN ISO 12001 requires that emission data are representative of the noisiest operation
in typical use, for very noisy machines such as wood chippers, reporting the highest levels may
make it difficult for users to identify adequate control measures. The noise emissions values
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were shown to vary by up to 8 dB depending on the type of wood being chipped. In this
situation, it may be appropriate for manufacturers to specify noise emission values for common
uses.
207. Emission LpA values obtained in accordance with BS EN ISO 11201 are based on measurements
at the operator’s ear; this is a simple measurement process. A measure of the sound pressure
level at the operator’s position is likely to be useful for comparing the noise risk of competing
wood chippers and, if the noise tests made are representative of typical use of the machine,
planning for control of that risk.
208. The MD requires emission LpCpeak values at workstations to be declared when this exceeds 63 Pa
(130 dB(C)). It is likely that peak noise will need to be declared for wood chippers as Brueck
[55] reported LpCpeak values at the operator’s infeed position over 130 dB(C) for the nine wood
chippers tested. It is clear from the declared peak values that peak noise risk must be
managed.
209. The emission LpA values in Figure 8 show that there is approximately 7 dB between the quietest
and noisiest wood chippers; a similar result was observed for the LWA values. This suggests that
users have a real choice when selecting a lower noise wood chipper based on the declared
noise emission data.
PRINTING MACHINERY
Usability of noise emission data
210. HSE compared declared noise emission data provided in instruction manuals with real use noise
levels for a small sample of printing machinery [56]. All the handbooks provided emission LpA
values; none included LWA values or uncertainty data. The emission LpA values were mostly
comparable with real use noise levels and were generally considered to be a reliable indicator
of real use risk. Many of the handbooks provided a range of emission LpA values for different
workstation positions and operating conditions. A comparison of the emission LpA and real use
noise levels is shown in Figure 9; for many of the machines the range of values either provided
in the handbook or measured is shown.
211. The harmonised noise test code for printing machinery requires emission LpA to be determined
directly from measurements in-situ at typical operator workstations, for example control desk,
delivery and winding units. It also stipulates operating conditions with significant noise
emission intended to represent the noisiest operation of the machine in typical usage. It is for
these reasons that noise emission values provided with printing machinery are credible
indicators of actual risk. For some large printing presses, the manufacturer’s declared emission
LpA values varied by up to 20 dB, highlighting the noisiest part of the process and the
effectiveness of integrated noise enclosures.
212. Printing machinery can be very large and the MD allows for the declaration of emission LpA at
specified positions around the machine. The noise test code for printing machinery defines
large machines as those whose greatest linear dimension exceeds 15 m. None of the
instruction manuals assessed contained LWA values, although some of the machines observed in
this study may have had a largest linear dimension below this value.
213. The noise test code for printing machinery requires a dual-number noise declaration in
accordance with BS EN ISO 4871. It does not contain machine-specific K values but states that
measurement uncertainty will comply with the accuracy grade of the method applied; for
grade 2 measurements KpA = KWA = 2.5 dB. None of the instruction manuals assessed included
uncertainty data and the reason for this non-compliance (it is a requirement of the MD) is
unknown.
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Figure 9: Comparison of declared emission LpA and real use noise levels for printing machinery
214. There is limited evidence of the availability of comparative noise emission data [4]. One
example is Annex E of BS EN 1010-1: 2004+A1: 2010 [48], which provides noise emission data
for some types of printing machinery. These data have been determined according to the
appropriate harmonised noise test code and are intended only to provide general guidelines.
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DISCUSSION
IDENTIFYING APPROPRIATE NOISE TEST CODES
215. Machinery manufacturers are required to declare noise emission values according to the MD
using appropriate noise test codes or, where LWA is required by the OND, technical
specifications about how to measure and report LWA detailed in the OND. This review provides
evidence that identifying the appropriate noise test code may be challenging; in particular for
manufacturers of machines that have to comply with the noise requirements of the MD and
provide LWA according to the OND.
216. It can be difficult to identify an appropriate test method for the determination of emission LpA.
The standard for wood chippers has been disputed, which means there is currently no
harmonised standard for these machines. Nor is there a harmonised noise test code for
pneumatic breakers, which are explicitly excluded from the noise test code for non-electric
power tools. The harmonised standard for electric hand-held power tools provides a simple
equation for determining emission LpA based on a measured value of LWA. It assumes that the
measurement surface over which LWA is determined has no impact on the value of Q used in the
equation for emission LpA.
217. For machinery within the scope of the OND, LWA must be determined according to the method
specified in the OND. However, many of the harmonised noise test codes that define a method
for determination of emission LpA also include a method for LWA. This may be because there are
applications for these standards other than to demonstrate compliance with European
Directives, especially for ISO standards, or that standards writers are not aware of the
requirements of other Directives such as the OND.
218. For some machines (for example concrete breakers) the method is comparable with that in the
OND; for other machines (for example wood chippers) a different test method is specified. This
could lead to confusion among manufacturers, especially the less well-informed. Some
standards clarify their scope, for example BS EN ISO 15744 the noise test code for hand-held
non-electric power tools includes the following statement: “…nor is it applicable to breakers or
other power tools which, when placed on the market, are required to meet the provisions of
legislation specifying test methods and imposing limits on noise emission from, for example,
equipment used outdoors.”
219. For machinery without a harmonised noise test code, manufacturers will have to establish their
own method of determining noise emission values and demonstrate that the noise emission
values obtained using this method fully meets the noise requirements of the MD. Guidance on
this process is available [59] but manufacturers will need a high level of understanding and may
need to employ a noise consultant to obtain noise emission values. It may also be difficult for
users to compare the noise emission values of competing machines, given the potential for
machinery manufacturers to test their machines using different measurement methods and
different machine mounting and operating conditions.
VERIFICATION OF DECLARED NOISE EMISSION DATA
220. Comparing the noise of competing machinery relies on the availability of reliable and
representative comparative noise emission data. This in turn is dependent upon reliable
standards, or other methods of determining noise emissions, so that the potential for risk can
be identified and the relative ranking of machinery can be determined. Reviewing noise
emission data for sanders, concrete breakers and wood chippers, showed that the harmonised
noise test codes may not always produce reliable data.
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221. HSE could not verify manufacturers’ noise emission declarations for over half the sanders and
the majority of concrete breakers tested. Investigating the noise emission data for sanders
showed that many manufacturers failed to provide adequate information on how noise
emission values had been obtained. For example, it was common for sander manufacturers to
only partially reference the noise test code, not providing details of either the part number or
date. The noise test code for electric sanders was changed in 2003, which resulted in a 2 dB
reduction in the noise emission values due to a change in the measurement method. Users can
only make a fair comparison of competing machines, if noise emission values have been
determined using comparable methods.
222. The review reported here showed that poorly defined noise test codes can result in emission
data for similar machines that are inconsistent and not comparable; this was observed for both
concrete breakers and wood chippers. The issues included:
•

Unclear measurement methods: for example, it was difficult to identify how emission
LpA is determined for concrete breakers, which are covered by the noise requirements
of both the MD and OND. Emission LpA is determined from LWA, however the noise test
codes for concrete breakers specify two different measurement surfaces making this
impossible. Measurements on wood chippers showed that it was difficult to select the
radius of the measurement surface, which is specified in terms of cutting width in
accordance with ISO 11094 as required by the OND.

•

Omissions from the test code: for example, how to support the concrete breaker
during emission tests, and the position of the operator during tests and the orientation
of the machine within the microphone array when testing wood chippers.
Measurements on wood chippers showed that LWA could vary by up to 6 dB by changing
the orientation of the machine within an array of six microphones.

•

Technical difficulties with the noise test code: for example, incorrect dimensions for
the concrete breaker test rig and the requirement to use untied reinforcement rods
when constructing the concrete breaker test rig.

•

Reference to obsolete or apparently irrelevant standards: for example, the OND test
for wood chippers references EN ISO 3744: 1995 and ISO 11094: 1991, which have been
replaced by revised and improved versions of these standards.

•

Poorly defined operating conditions: for example, the noise emission values
determined for wood chippers were found to vary by 5 to 6 dB depending on the wood
type used, with higher values generated using the wood specified in the MD compared
with that specified in the OND.

223. The majority of examples provided highlight issues associated with the noise test codes for
determining LWA, in particular for those machines required to comply with both the MD and
OND. In some situations, weak test methods for LWA may not be a problem as long as emission
LpA values can be used to reliably identify the noise hazard associated with machinery.
224. Many of the issues highlighted in this report, regarding measurement method and operating
conditions, were not observed for printing machinery. The approach for obtaining emission
data for printing machinery is based on measurements of emission LpA in-situ at operator
workstations, with the machinery operating under conditions that represent the noisiest
operation of the machine in typical use. Printing machines can be very large therefore emission
LpA alone, with no requirement for LWA, is permitted under the MD. Purchasing decisions and
management of noise risk within the printing industry are therefore likely to be made using
emission LpA.
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225. The difficulties associated with determining LWA values for some types of machinery, for
example for concrete breakers and wood chippers, and the usefulness of the resultant data
raises questions about the value of determining LWA. Determining emission LpA values may be a
much simpler process and the resultant data is potentially more useful for assessing and
managing workplace noise risk.
226. HSE research on a small number of harmonised noise test codes suggests that comparing
competing machinery on the basis of noise may be difficult because of the issues of obtaining
comparative noise emission data. The main issue is poorly defined complex noise test codes,
which are open to interpretation by different users, and the inconsistencies between the
requirements of the MD and OND.
UNCERTAINTY DATA
227. The MD and OND require reported noise emission values to take into account the uncertainties
surrounding the measured values. The MD requires a dual-number declaration (LpA, LWA and
LpCpeak and their respective uncertainties KpA, KWA and KpCpeak) and the OND a single-number
declaration (the sum of the measured values and the associated uncertainty). The measured
noise emission value and its associated uncertainty represent an upper boundary of the range
of values, which is likely to occur in (noise emission) measurements.
228. A number of standards provide guidance on how to determine the uncertainty data associated
with the measured noise emission values. However, the review of uncertainty data
summarised in Table 1 and Table 2 highlighted a number of issues including:
•

Use of inconsistent descriptors for the same quantity, for example σRO, σR, and sR are all
used to describe the standard deviation of reproducibility.

•

Use of inconsistent definitions, for example expanded uncertainty U (which is the same
as the K value) has been defined as “1.96σR” and “2s” (both for 95% confidence level).

229. There is evidence that some of the inconsistencies are being addressed. Consistent
terminology and definitions for uncertainty are found in the current versions of the ISO 3740
series and ISO 11200 series. The same improvement is observed in some of the harmonised
safety standards, for example BS EN 62841-1 attempts to provide clarity by explaining that σtot
in BS EN 62841-1 is referred to as σR in ISO 4871 and that the expanded measurement
uncertainty U is referred to as K in ISO 4871. The link between U and K is not provided in some
standards, which could lead to confusion for some users.
230. BS EN ISO 12001 recommends that standard deviations of reproducibility of noise emission
values are determined for families of machinery, although it allows use of the values in the
basic acoustics standards as interim upper boundaries. For most of the basic acoustics
standards, the standard deviation of reproducibility for engineering (grade 2) methods is
1.5 dB. The K values provided in the noise test codes for sanders and electric breakers were
3 dB (for both LpA and LWA). It is unclear to the authors whether these K values had been
determined especially for the individual machine type or estimated using the generic
uncertainty data; according to BS EN ISO 4871, K = 3 dB (1.645 x 1.5 rounded to the nearest
decibel).
231. The OND requires declaration of the guaranteed LWA, which takes into account the uncertainties
due to production process and the measurement procedure. This value is intended to
represent the maximum statistical value that is not exceeded for a given confidence level. The
OND provides no guidance on how to determine the required uncertainty data. But it does
require that machinery manufacturers include, in the technical documentation needed to
demonstrate conformity, information on “the technical instruments applied and the results of
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the evaluation of the uncertainties due to production variation and their relation to the
guaranteed sound power level”.
232. Part 4 of the Position Paper on the OND [32] highlights the issues that may arise when the
methods to determine uncertainty for the guaranteed LWA are not clearly defined. The lack of a
well-defined approach for determining uncertainty means that the guaranteed LWA values for
competing machines may not be comparable. It may also be difficult for notified bodies to
verify the manufacturers’ emission values. The Position Paper published in 2002 outlined an
approach for determination of the guaranteed LWA, taking into account measurement and
production variations. This included methods for calculating standard deviations for
measurement and production variations and a table showing coverage factors for different
confidence levels and sample sizes. It is unclear to the authors whether manufacturers or
notified bodies use this approach. Discussions with both may reveal what methods are used to
determine guaranteed LWA for the machines covered by the OND.
233. HSE found that manufacturers either failed to provide uncertainty data, for example for wood
chippers and printing machinery, or they quoted K values of 3 dB for LpA and LWA, for example
for orbital and random orbital sanders and electric breakers. One of the breaker manufacturers
provided a K value of 1 dB for the guaranteed LWA, but its validity is questionable given the OND
requires a single-number declaration and there was no information on how it had been
determined.
234. The measured noise emission value and its associated uncertainty K represent an upper
boundary of the range of values, which is likely to occur in (noise emission) measurements.
These data are used in the verification process according to BS EN ISO 4871: 2009. The
criterion to be satisfied for the declaration of a single machine is that the measured noise
emission value is equal to or less than the declared noise emission value, that is the sum of the
measured noise emission value (L) and the associated uncertainty (K). HSE researchers
obtained noise emission data for sanders and concrete breakers in accordance with the
appropriate noise test codes, but did not verify all the manufacturers’ noise emission
declarations. HSE verified the following:
•

Six out of the thirteen (46%) emission LpA values provided for orbital and random orbital
sanders.

•

Three out of the seven (43%) LWA values provided for orbital and random orbital
sanders.

•

Two out of the six (33%) guaranteed LWA values provided for concrete breakers.

235. HSE more often than not could not verify manufacturers’ declared emission values. The main
reasons for this were poorly defined noise test codes and manufacturers failing to report
emission data that were traceable to an appropriate measurement method and operating
conditions. A high degree of repeatability was ensured in the noise test codes investigated;
consecutive sound pressure level measurements were required to be within 1 – 2 dB of each
other depending individual test codes. However, HSE results suggest that the uncertainty
represented by the declared K value was not sufficient to take into account the differences
observed when noise emission values were determined by different operators in different
laboratories using different instrumentation.
236. The Position Paper for the OND includes the following statement:
“The uncertainty in repeatability conditions may be determined by the manufacturer; the
determination of the uncertainty in reproducibility conditions for a given type of equipment
requires round robin tests. Maximum values of the uncertainty in reproducibility conditions
are given in EN ISO 3744 and EN ISO 3746.”
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237. It is unclear to the authors, from the results presented in this report, whether the K values
included in the noise test codes have been determined from round robin tests or whether they
are based on the assumed maximum values from the basic acoustics standards. The HSE results
suggest this issue needs further investigation and consideration, by relevant experts involved
with making standards and their application by manufacturers, to determine how such
uncertainty data are obtained.
USABILITY OF DECLARED NOISE EMISSION DATA
238. Manufacturers who design and construct machinery so that risks from airborne noise emissions
are reduced to the lowest level at source, or by protective measures, should be able to rely on
harmonised standards to produce noise emission information that:
•

Indicates whether noise controls are state-of-the-art.

•

Facilitates comparison of the noise risk of competing machinery.

•

Reliably reports any residual noise risk.

Indicating state-of-the-art noise control
239. Comparing the noise of competing machinery relies on the availability of reliable and
representative comparative noise emission data. More often than not, HSE could not verify
manufacturers’ noise emission data for orbital and random orbital sanders (emission LpA and
LWA) and concrete breakers (LWA). These findings suggest that manufacturers’ emission data for
these tools are limited in their reliability to assess the adequacy of noise reduction measures,
mainly because of poorly defined noise test codes. They produce emission LpA and LWA values
for competing machines, which can be inconsistent and not comparable.
240. Twenty-two of the machines covered by the OND are subject to a maximum permissible LWA,
including concrete breakers. The guaranteed LWA must not exceed this maximum permissible
level. Manufacturers’ guaranteed LWA for the concrete breakers HSE tested were at or just
below the maximum permissible level (limit). The European Commission noise emissions for
outdoor equipment database, shows that reporting LWA close to the maximum permissible level
is widespread even when the reported measured LWA is lower by 10 dB or more. It will not be
possible to use guaranteed LWA to identify state-of-the-art noise control for OND machines that
declare at or near the limit value, as true differences between competing machines will be
masked.
Identifying low and lower noise machinery
241. Manufacturers’ noise emission values provided with the sanders and concrete breakers HSE
tested, indicated that there were high and low noise models within both families of machines,
for example sander manufacturers’ emission LpA values were between 72 and 89 dB(A) and the
guaranteed LWA values for the breakers were between 106 and 111 dB(A). However comparing
these emission declarations with real use noise levels measured by HSE, showed that they did
not allow machinery to be reliably ranked in terms of noise risk as:
•

There was no correlation between the manufacturers’ declaration and the noise level
at the operator’s ear during real use. For example,

•

Figure 5 shows sanders with the lowest noise emission declaration generating the
highest noise levels during real use.

•

The emission declarations for competing machinery indicated one machine that was a
lower noise model, while real use noise levels at the operator’s ear were not
significantly different and did not identify a lower noise machine. For example, Figure 6
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shows that real use noise levels for competing breakers were within 3 dB of each other;
a small difference when the uncertainties of the tests codes are considered.
242. The results presented in this report suggest that using manufacturers’ declared noise emission
values (emission LpA and LWA), as the basis of selecting and purchasing a low noise machine, may
not reliably result in the selection of a machine that is low or lower noise in conditions of real
use.
243. HSE found that for some machines, the range of real use values was much smaller than
indicated by the manufacturers’ declared noise emission values for the same machines. For
example:
•

The range of real use noise levels for sanders was 5 dB compared to a range of more
than 10 dB for manufacturers’ emission LpA values.

•

The range of real use noise levels for concrete breakers was 3 dB compared to a range
of up to 6 dB for manufacturers’ guaranteed LWA values.

244. The noise emission values HSE obtained for a sample of wood chippers showed that there was
approximately 7 dB between the quietest and noisiest machines, both in terms of emission LpA
and LWA. This suggests that purchasers have a genuine choice when selecting this type of
machine on the basis of noise. However, LWA may be a less reliable descriptor as the
orientation of the wood chipper within the microphone array is poorly specified. This can give
differences of up to 6 dB in resultant LWA.
245. The manufacturers’ emission data presented in this report, suggest that for some types of
machinery there may be an opportunity to reduce noise at the ear, by selecting the quietest
over the noisiest machine. However, the practical benefit of precise ranking reduces when the
range of real use levels is small.
Indicating workplace noise risk
246. The noise emission declaration required by the MD should provide information that warns of
any noise hazard. The machines HSE investigated were all capable of generating high levels of
noise during normal use: sanders up to 90 dB(A), concrete breakers up to 96 dB(A), wood
chippers up to 117 dB(A) and printing machinery (which covers a wide range of different types
of machinery) up to 100 dB(A). At these high noise levels employers will have to assess and
manage noise, to protect workers against noise risk to their health and safety associated with
use of these tools and machines.
247. The Control of Noise at Work Regulations 2005 [2] require employers to consider “any
information provided by the manufacturers of work equipment” when assessing the risk to
health and safety created by exposure to noise at the workplace. However, HSE’s Guidance on
the Regulations [60] states that manufacturer’s declared noise emission values may not be
representative of real use of the equipment for a number of reasons, for example the noise test
code uses a no-load test or it does not include all noise-generating mechanisms present during
real use.
248. HSE showed that a large number of manufacturers and suppliers did not provide additional
information when noise emission data did not adequately represent emissions during the
intended uses of the tool, despite the requirement to do so in some of the harmonised
standards. For example, manufacturers of orbital and random orbital sanders did not provide
additional information when noise emission data obtained in accordance with appropriate
harmonised noise test codes underestimated real use noise hazards, typically by 9 ± 5 dB(A).
Discussions with sander manufacturers may reveal why the additional information required is
not provided.
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249. Guidance may be needed to help manufacturers determine when additional information is
required and how to obtain additional noise data that will enable the noise hazard associated
with the intended uses of the machines to be assessed and managed, that is, addressing
residual risks.
250. HSE showed that for small hand-held tools, emission LpA values based on the surface sound
pressure level 1 m from the tool do not provide the employer with a good indication of the
noise hazard during typical use. Corrections can be applied to estimate emission LpA at
distances other than 1 m but it is highly unlikely that employers will have either access to this
equation or the expertise required to apply it. It would be more useful for manufacturers to
follow a revised noise test code, in which they are required to apply a specified correction
factor to ensure emission LpA values better represent the noise hazard closer to the operator’s
ear than 1 m. Applying the equation provided in BS EN 62841-1 (as detailed in Paragraph 73) to
estimate emission LpA for sanders positioned 30 cm from the tool operator, gave values that
were comparable with the real use levels (mean difference 2 ± 5 dB(A).
251. It is possible that the operating conditions specified in the noise test codes do not represent the
noisiest operation of the machine in typical use (sanders). Selecting realistic operating
conditions that meet the requirements of BS EN ISO 12001 and provide repeatable test results
is challenging. For example, testing electric sanders (no load) using the noise test code for
pneumatic sanders (under load) resulted in even lower emission LpA values. These results
suggest that for electric sanders at least, no load tests represented a noisier operating
condition than a sanding task.
252. Noise test codes may specify an operating condition that reflects the noisiest operation, in
which case the emission data may be credible indicators of real use risk, for example for
printing machinery. But such operating conditions may also overstate the noise hazard for
other common tasks. For example, the noise test code for wood chippers (BS EN 13525)
resulted in emission LpA values that overstated the noise hazard for other common chipping
tasks by 4 dB or more. While it is preferable for emission data to overestimate rather than
underestimate noise risk, it may be difficult for employers to identify adequate control
measures, such as suitable hearing protectors or operating the wood chipper at a safe distance
from the infeed hopper.
253. Some of the harmonised noise test codes recognise that emission LpA values will generally be
lower by between 1 and 5 dB than those likely in the workplace, due to reflected sound.
Modifying the declared emission LpA values to take account of the acoustic environment of the
workplace would improve their representation of real use levels. This advice is not readily
available to employers but, by revising the harmonised noise test codes, manufacturers could
be required to provide this information in addition to the declared noise emission values.
254. There are advantages of determining emission LpA values from measurements at the operator’s
ear or typical workstation positions, rather than from LWA, as shown in the results presented for
wood chippers and printing machinery. These are:
•

The measurement process is simpler, especially when compared with the methods
used to determine LWA.

•

The resultant emission LpA is more likely to be useful for assessing and managing noise
risk.
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CONCLUSIONS
255. Machinery manufacturers are required to declare airborne noise emissions that:
•

Allow manufacturers, market surveillance authorities, etc to verify state-of-the-art
noise controls that minimise the noise risk.

•

Help users identify low or lower noise tools and machines.

•

Represent noise hazard during the intended uses of the tools and machines to inform
noise risk assessments carried out by employers.

256. Typically two numerical values are provided to describe machinery noise: emission LpA should
describe noise risk and enable comparison of competing machines on the basis of noise; LWA
provides a measure of the total sound energy of noise emission but does not provide any
information about noise risk.
257. Comparing competing machinery on the basis of information on noise emissions relies on the
availability of reliable and representative comparative noise emission data. This in turn is
dependent on reliable noise test codes to determine noise emission, so that the potential for
risk can be identified and the relative ranking of machinery can be determined.
258. HSE investigated the noise test codes for orbital and random orbital sanders, concrete breakers
and wood chippers. A review of these studies was carried out to examine:
•

The measurement methods and operating condition used to obtain noise emission
values and the associated measurement uncertainty.

•

Differences between manufacturers’ declared noise emission values and those
obtained by HSE researchers using the same noise test codes.

•

The usefulness of noise emission values to control the risks associated with exposure to
workplace noise.

259. The harmonised noise test codes HSE researchers investigated showed that their use may not
always produce reliable noise emission data. A number of failings of the noise declaration
system have been identified from which proposals for improving the system can be considered.
Measurement standards
260. Harmonised standards are commonly used by manufacturers to produce noise emission data.
However, it may be difficult for manufacturers to identify from the range of available standards
and methods, the appropriate noise tests to be carried out to achieve a presumption of
conformity. This is especially so for machinery that has to fulfil the requirements of the MD
using the method of determining guaranteed LWA set out in the OND.
261. The OND may define a method for determining LWA, which requires measurements that are
incompatible with the test method required by the MD harmonised noise test code to
determine emission LpA.
262. For machinery without a harmonised noise test code, manufacturers will have to establish their
own method of determining noise emission data that meets the noise requirements of the MD.
Manufacturers will need a high level of understanding of their legal duties regarding noise and
the technical ability to obtain the noise emission values; they may need to employ a noise
consultant who is also familiar with the MD requirements for noise.
263. The MD requires noise emission values to specify the uncertainties surrounding the measured
values. The measured value and its associated uncertainty should represent an upper
boundary of the range of values likely to occur during (emission test) measurements. The
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uncertainty values provided in the noise test codes for sanders, concrete breakers and wood
chippers were either based on a K value of 3 dB or a standard deviation of reproducibility of
1.5 dB (accuracy grade 2 engineering methods). It is unclear to the authors whether these
uncertainty data were generic values or machine-specific values, which had been obtained from
round robin tests.
264. The OND requires declaration of a guaranteed LWA, which takes into account the uncertainties
due to production processes and measurement procedures. However, the OND permits any
method to determine these uncertainties; the lack of a well-defined approach may make it
difficult to compare the guaranteed LWA values for competing machinery.
265. The basic international standards for determining LWA and emission LpA provide definitions for
measurement uncertainties. There is a lack of consistency in the terminology and definitions
used across these standards, for quantities such as standard deviation of reproducibility and
expanded uncertainty (more commonly referred to as the K value). These inconsistencies will
lead to confusion among users, although their impact on the final measures of uncertainty is
unknown.
Reproducibility of declared noise emission values
266. Poorly defined noise test codes for concrete breakers and wood chippers, drafted and
presented in accordance with BS EN ISO 12001, resulted in noise emission declarations for
competing machines that were neither consistent nor comparable.
267. More often than not, HSE could not verify manufacturers’ declared noise emissions for sanders
and concrete breakers. Manufacturers had either failed to provide adequate information on
how noise emission values were obtained or they had followed poorly defined noise test codes,
which contained omissions, technical inaccuracies or referenced obsolete standards.
268. The lack of verification of the declared noise emission values may suggest that the K values
were not sufficient to take into account the differences observed when noise measurements
were made by different operators working to the specified test conditions, in different
laboratories, using different instrumentation.
269. The OND requires declaration of a guaranteed LWA, but the lack of a well-defined approach for
determining the measurement and production uncertainties may make it very difficult for
notified bodies to verify manufacturers’ declared emission values, for example for those
machinery with limit values.
270. Where a harmonised standard is not available or followed, or where there is more than one
applicable standard, it may be difficult for purchasers and employers to compare noise
emission data from competing machinery. Noise emission data for competing machines may
have been obtained using different measurement methods and under different operating and
mounting conditions.
Usefulness of declared noise emission values
271. HSE investigations of noise test codes for sanders, hand-held concrete breakers and wood
chippers showed that they produce emission LpA, LpCpeak and LWA values, which are frequently
limited. These noise test codes resulted in emission LpA and LWA values that could not be used
to verify state-of-the-art noise control or identify low or lower noise tools and machines, and
emission LpA and LpCpeak values that did not represent noise hazard during the intended uses of
the tools and machines.
272. The MD and the Physical Agents (Noise) Directive [1] encourage employers to consider
manufacturers’ noise emission values when carrying out a noise risk assessment, but machinery
is rarely supplied with information describing likely noise hazard during its intended uses.
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273. The noise test codes HSE investigated showed that noise emission data that underestimated or
overestimated real use noise levels could be produced. Where this occurs, emission LpA values
will not be suitable for making purchasers aware of noise risk or as a source of information for
assessing and managing noise risk. It may be possible to identify low noise models within a
family of machines using LWA values, but this will only be useful if the machines are low noise in
conditions of real use.
274. The emission LpA provided for wood chippers and printing machinery were sufficient to make
clear the noise hazard; they also appeared credible for informing decisions on the purchase or
selection of low or lower noise equipment and providing a guide to likelihood of state-of-theart noise controls, that is, that the lowest noise emissions have been achieved. The LWA values
for wood chippers were subject to much greater measurement uncertainty than the emission
LpA values; LWA values were not provided for printing machinery.
275. The structure of BS EN ISO 12001 and the BS EN ISO 11200 series of basic noise emission
standards directs the reader towards the use of sound power level as a starting point for
determining emission sound pressure level. For hand-held tools, the noise test codes require
the calculation of emission sound pressure levels from sound power level. The resultant
emission data did not represent real use noise levels; the observed differences could be large.
276. Emission LpA values were more likely to represent real use levels when based on measurements
at the operator’s position. The measurement process is simpler and the resultant emission LpA
values are more likely to be useful for assessing and managing workplace noise.
277. Some harmonised standards describe corrections that can be applied to emission LpA values, for
example to take into account the actual distance between the tool and the operator and the
acoustic environment of workrooms. Applying these corrections may produce emission values
sufficient to indicate real use noise hazard.
278. Where noise emission values do not adequately represent the noise hazard during the intended
uses of the machine, additional information and/or warnings should be supplied to enable the
employer to assess and manage the associated noise risks. No additional information was
provided for any of the tools and machines investigated during this study.
279. Noise emission data indicated that there were high noise and low noise models for some types
of machinery. However, real use noise levels for competing machinery were sometimes
indistinguishable. Purchasers may believe incorrectly that there is a real choice to select low or
lower noise machinery based on declared noise emission data for some types of machinery.
280. For machinery subject to noise limits specified by the OND, the true differences between LWA
for competing machinery could be masked by declarations at or near the limit of the
permissible LWA; a practice which appeared widespread for some types of machinery.
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RECOMMENDATIONS
281. The MD and the Physical Agents (Noise) Directive encourage employers to consider
manufacturers’ noise emission values when carrying out a noise risk assessments, but
machinery is rarely supplied with information describing likely noise hazard during its intended
uses even when manufacturers have followed an appropriate harmonised noise test code.
Standards require modification, to ensure that emission LpA values obtained in accordance with
a harmonised noise test code are sufficient to indicate the noise hazard during the intended
uses of the machinery.
282. For hand-held tools, the structure of BS EN ISO 12001 and the BS EN ISO 11200 series of basic
noise emission standards directs those drafting standards towards the use of LWA as a starting
point for determining emission LpA. These standards require modification, to ensure that
emission LpA values obtained in accordance with a harmonised noise test code are sufficient to
indicate the noise hazard during the intended uses of the tools; values of LpA derived from LWA
should be avoided.
283. Although some harmonised standards require the provision of additional information, to help
the user assess and manage the noise risk during the intended uses, HSE researchers did not
find any evidence of this for the tools and machines investigated. The issue of why this
additional information is not provided should be considered in appropriate technical forums.
284. There may be scope for improving some of the harmonised noise test codes. For example, by
requiring manufacturers of hand-held power tools to apply a correction to ensure emission LpA
values better represent the noise hazard at the operator’s ear or by clearly informing users that
emission LpA values will typically underestimate real use noise levels by up to 5 dB due to the
acoustic environment of the workroom.
285. The lack of a well-defined approach for determining uncertainty means that the guaranteed LWA
values for competing machines may not be comparable and it may be difficult for notified
bodies to verify the manufacturers’ emission values. The Position Paper for Directive
2000/14/EC published in 2002 outlined an approach for determination of the guaranteed LWA,
but it is not clear to the authors whether manufacturers or notified bodies use this approach.
The issues associated with determining uncertainty for both the MD and the OND should be
considered by relevant technical specialists, including manufacturers and notified bodies.
286. It is unclear to the authors, from the results presented in this report, whether the K values
provided in noise test codes for specific families of machines have been determined from round
robin tests or whether they are based on the assumed maximum values from the basic
acoustics standards. This issue should be considered by appropriate technical specialists.
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APPENDIX A: GLOSSARY OF TECHNICAL TERMS
This glossary provides brief definitions for some of the terms used in this report. The standards and
legislation, in which the terms appear, provide full definitions.
A-weighted emission sound pressure level: The sound directly caused by the machine at a given
position, for example its workstation(s), independently of the environment where the machine
operates. It is generally given as an A-weighted sound pressure level, LpA, in decibels. It is affected
by factors such as the installation of the machine, the conditions of use of the machine, the position
of the person with respect to the machine. It is not affected by the characteristics of the workplace
and the noise generated by other sources. The emission sound pressure level should be
representative of the sound pressure level at the workstation(s) for a full work cycle during a typical
noisy operation of the machine, and as such, be of use in a noise risk assessment. Note: The sound
pressure level at the ear of an operator using the machine will be higher than the emission LpA if
there is noise from, for example, other machines or reflections from walls or objects.
A-weighted sound power level: A measure of the time-averaged total sound energy emitted, for
example, by a machine into the air. It is a characteristic of the machine and independent of the
acoustic environment in which the machine is located. It will be affected by factors such as the
installation of the machine and the conditions of use of the machine. It is measured in watts (W)
and is normally given as an A-weighted sound power level, LWA, in decibels (dB).
Basic noise emission standards: A range of noise emission measurement methods that have been
standardised to facilitate practical measurement on a wide range of machine types, sizes, etc.
Selection of an appropriate standard is dependent on several factors including the grade of accuracy
required and the acoustic properties of the test environment. ‘Engineering grade’ accuracy is
preferred. Standards such as these, applicable to a wide range of machine types and classes, are
sometimes referred to as B-type standards.
C-weighted peak instantaneous sound pressure level: The highest level reached by the sound
pressure as it varies with time. It is generally used to characterise impact and impulsive sources of
noise. Declarations of machinery noise emissions require the C-weighted peak sound pressure level,
LpCpeak, determined at a workstation of the machine, to be given if it exceeds 130 dB.
Guaranteed sound power level: This takes account of the variations (uncertainties) in several
measured sound power levels due to production variations and measurement procedures, such that
a guaranteed sound power level is calculated that will not be exceeded. The manufacturer, or his
authorised representative established in the Community, has to demonstrate and provide evidence
in technical documentation that the guaranteed sound power level is not exceeded.
Harmonised safety standards: Most machine classes have machine safety standards dealing with
detailed safety requirements for that particular machine or group of machines. These machinespecific standards are sometimes referred to as C-type standards.
Harmonised standard: A harmonised standard confers a presumption of conformity with the
essential health and safety requirements covered by the standard. Using a harmonised standard can
provide a manufacturer with a direct route to demonstrating conformity, but use of harmonised
standards is voluntary. Other methods can be used to demonstrate compliance with the essential
health and safety requirements.
Noise emission: The airborne sound radiated, for example, by a machine. The noise emission
includes the sound power level of the machine and the emission sound pressure level at the
workstation and other specified positions (if any) around the machine. Note: Sound power level
and emission sound pressure level cannot be compared numerically. Machine sound power levels
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typically have values between 10 and 20 dB higher than the corresponding emission sound pressure
levels.
Noise exposure: This is a daily noise dose, which is a combination of ‘how loud’ and ‘how long
exposed’ for the various noises that a person is exposed to during a day. It is generally reported in
decibels. The noise exposure of workers should not be confused with the emission sound pressure
level. The former takes account of all sources of noise to which a worker is exposed and the
duration of those exposures; the latter describes a specific source of noise.
Noise test code: A noise test code describes a procedure for the measurement of noise emissions
for a specific machine or machine type. It describes the operating and mounting conditions of the
machine during measurement and the measurement methods to be used. It also describes the form
and method for declaring the noise emission values. Noise test codes can be incorporated in
machine-specific safety standards (C-type standards), or can be separate standards. Measurement
methods are normally described by reference to a general noise emission measurement standard (Btype standard).
Permissible sound power level: This is a limit value placed on the guaranteed sound power level for
some types of machinery, which must not be exceeded. If exceeded, machinery must not be placed
on the market.
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A critical review of the standard methods
used to determine emission sound
pressure level, peak sound pressure level
and sound power level as required by
Machinery Directive 2006/42/EC
The Supply of Machinery (Safety) Regulations 2008 require
manufacturers to provide information so that their
machinery can be used by workers in industry without risk
from noise. This information includes numerical values for:
emission sound pressure level; peak sound pressure level;
and sound power level. The emission sound pressure level
and peak sound pressure level should alert employers of
potential noise hazards for workers. All three values should
help identify low noise models when buying new machinery.
This review investigates a small sample of European
harmonised standards used by manufacturers to determine
noise emission values. It shows that noise data for the same
type of machinery, measured using these standards, may
not be comparable; for example, because poorly defined
test methods require interpretation by the tester. Noise
emission values determined using an appropriate
harmonised standard may also not be representative of the
operator’s noise hazard during the intended uses of the
machine.
This review shows that many European harmonised
standards need modifying if they are to produce reliable and
comparable noise emission data. Where noise data do not
adequately represent the noise hazard of machinery during
its intended uses, manufacturers must supply additional
information making clear the residual noise risks.
This report and the work it describes were funded by the
Health and Safety Executive (HSE). Its contents, including
any opinions and/or conclusions expressed, are those of the
authors alone and do not necessarily reflect HSE policy.

RR1116

www.hse.gov.uk

