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Hand-transmitted vibrations from handheld power tools may cause health effects designated as hand-arm
vibration syndrome (HAVS). Therefore, in several countries, regulations have been released by the relevant
authorities to protect users of vibrating tools. Within the European Union, power tool suppliers shall provide
information on vibration emissions measured and reported according to specific standards. While the
current methods for vibration emission declaration are limited to frequencies below 250 Hz, it has been
suggested in various studies that vibrations above 250 Hz may imply nerve damage to power tool users.
Consequently, the Machinery Regulation recently issued by the European Parliament contains new
requirements concerning the evaluation of high frequency vibrations. The paper thus describes the
requirements and methods for declaration of vibration emissions from handheld power tools and provides
measurement data for different categories of power tools.

1 Introduction

A low vibration emission is, nowadays, a key factor for all handheld power tools to comply with working environment
regulations and meet customer expectations. In fact, vibration emissions generated by handheld power tools may cause
not only discomfort, but also serious health effects collectively referred to as Hand-Arm Vibration Syndrome (HAVS)
including musculoskeletal, vascular and neurological disorders [1, 2].

Therefore, to mitigate these risks, several countries have introduced regulations aimed at protecting users of power tools
from excessive vibration exposure [3]. For example, within the European Union, handheld power tool manufacturers shall
provide information on vibration emissions that reach or exceed a level of 2,5 m/s? measured and reported according to
several specific standards [3, 4]. Whereas the current methods for declaration consider mainly vibration levels at
frequencies below 250 Hz, it has been suggested in various studies that vibration at frequencies above 250 Hz may imply
nerve damage to power tool users [6, 7, 8]. As a result, the Machinery Regulation recently issued by the European
Parliament contains new requirements concerning the evaluation and the declaration of vibration emissions at higher
frequencies.

This article describes the current vibration requirements specified by the Machinery Directive and compares them to the
new vibration requirements introduced by the Machinery Regulation. Moreover, it reviews consequences on standards
and practical implications for manufacturers of handheld power tools. It further presents measurement data for different
categories of power tools.

2 Background

The new Machinery Regulation (EU) 2023/1230 of the European Parliament and of the Council was adopted on 14 June
2023 [9]. The Regulation replaces the Machinery Directive 2006/42/EC [4] currently in use for CE Marking and will
become applicable on 20 January 2027.



The Regulation, as with the previous Directive, defines the mandatory essential health and safety requirements that
machinery products must fulfil to be placed on the European market, as well as the procedures for assessing their
conformity. The CE Marking indicates that the machinery product meets the health and safety requirements in place and
can be traded without restrictions within the internal market.

The Regulation applies to machinery manufacturers and other economic operators including importers and distributors.

The technical details for vibration evaluation and declaration are primarily provided through Harmonized Standards
developed by European Standardization Organizations such as CEN and CENELEC in cooperation with other
International Standardization Bodies such as ISO and IEC. Those Harmonized Standards are published in the Official
Journal of the European Union and provide a presumption of conformity. This means that products manufactured in
compliance with these standards are assumed to meet the essential safety and performance requirements of the relevant
directive or regulation. This facilitates manufacturers” path to product compliance.

3  Vibration emission declaration in Machinery Directive

Currently, in the Machinery Directive, the information about hand-arm vibrations shall be provided in the safety
instructions for handheld power tools as follows:

e The vibration total value to which the hand-arm system is subjected, if it exceeds 2,5 m/s>. Where this value
does not exceed 2,5 m/s%, this must be mentioned by declaring < 2,5 m/s.
e  The uncertainty of measurement.

These declared values are obtained by laboratory type testing in accordance with the stated standards [5, 13] and are
suitable for comparison with the declared values of other tools, which have been tested according to the same standards.

The declaration value for vibration emissions is determined by calculating the vector norm of the weighted vibration
levels measured in the three orthogonal directions X, Y and Z near the hand location, as shown in Figure 1. On machines
that shall be used with two hands, vibration measurements are performed near the two hand locations and solely the
highest value is declared. Furthermore, the declaration value is given with an uncertainty indicating the spread of the

measured vibration emissions.
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Figure 1: Impulse nutrunner with battery positioned on a brake device for vibration measurements performed with a
triaxial accelerometer mounted on the handle according to ISO 28927-2.

4  Vibration emission declaration in Machinery Regulation

The Machinery Regulation introduces new requirements for the declaration of vibration emissions from handheld power
tools. According to the new regulation, the safety instructions for handheld power tools shall give the subsequent
information concerning vibrations:



e  The vibration total value from continuous vibrations to which the hand-arm system is subjected.

e The mean value of the peak amplitude of the acceleration from repeated shock vibrations to which the hand-arm
system is subjected.

e The uncertainty of both measurements.

The requirement for continuous vibrations corresponds to the existing vibration total value given in the Machinery
Directive. Conversely, the mean value of the peak amplitude of the acceleration from repeated shock vibrations constitutes
a completely new requirement specified by the Machinery Regulation.

5 Consequences on Standards

The new requirement on repeated shock vibrations initially implied a significant challenge since there was not a suitable
standard to measure, analyse and report the required data. Therefore, a joint group within ISO and CEN was established
in 2022 to develop the necessary standard. A draft for the new standard designated ISO EN 5349-3 could be released in
the autumn 2024 and the standard was published officially in January 2026. The ISO EN 5349-3 Standard builds on the
requirements and the frequency range of ISO EN 5349-1 by using a flat filter up to 1000 Hz to account for vibration
content at higher frequencies instead of the hand-arm filter attenuating vibration content above 250 Hz. The metric
determined by applying the procedures specified in ISO 5349-3 is designated Vibration Peak Magnitude (VPM) or pr
value and provides an estimate of the repeated shock vibrations generated by handheld power tools.

In parallel, an existing European Standard designated EN 12096 that is used for the declaration of vibration emissions
had to be revised to enable the declaration of the VPM values [12].

Furthermore, several standards such as ISO EN 28927 Part 1 to Part 13 [5] and EN (IEC) 62841 (all parts) [ 13] providing
test codes for different categories of handheld power tools are currently revised to implement the new value for repeated
shock vibrations.

The VPM values are determined in the frequency range covered by ISO 5349-1. It can be acknowledged that the limited
frequency range of [ISO 5349-1 does not fully account for all the high-frequency components of repeated shock vibrations,
especially when the shocks are produced by percussive tools. For this reason, a Technical Specification ISO TS 5349-4
[11] is developed to enable the evaluation of continuous and repeated shock vibrations at frequencies significantly higher
than the upper frequency of ISO 5349-1.

Moreover, it was demonstrated that high frequency vibrations could be reduced significantly at the power tool handle by
using a thin layer of soft rubber [14, 15, 16]. As a matter of fact, damping materials can provide a significant reduction
of the vibration levels at frequencies above 1 kHz. The measurement method described in ISO TS 5349-4 is therefore
essential to assess the vibration content at higher frequencies and to evaluate the potential benefits of using damping
materials on tool handles to improve operator safety.

6  Practical implications

The requirements on vibrations specified in the Machinery Regulation will result in the declaration of four values in the
safety instructions, the user manuals and the technical specifications for handheld power tools:
e  Continuous Vibration (an,) [m/s?] (Current declared vibration value)

e  Continuous Vibration Uncertainty (K,) [m/s?] (Current declared vibration uncertainty)
e  Vibration Peak Magnitude (pr) [m/s?] (New requirement)
e  Vibration Peak Magnitude Uncertainty (K;) [m/s?] (New requirement)

The VPM values for the repeated shock vibrations shall be measured on all handheld power tools. The update enables
users to get more comprehensive information about their exposure to vibrations. Nevertheless, it is important to
distinguish between the two types of values as they are based on different frequency ranges, and the VPM value is intended
primarily for research and comparative analysis between tool models. The VPM value does not replace the existing value
for continuous vibrations for exposure assessments and shall not be used for determining permissible daily tool usage
duration, for which no changes have been introduced.

In contrast to the current requirements, the new regulation also requires all values to be declared precisely. Under the
previous directive, Continuous Vibration values below 2,5 m/s? could be reported simply as “<2,5 m/s*”. Under the new
regulation, the precise measured value must be declared with the associated uncertainty.



To achieve compliance with the requirements of the Machinery Regulation, manufacturers of handheld power tools must

publish the updated values for vibrations on 20 January 2027.

7  Data comparison

Table 1 presents the ranges of values that might be expected from evaluations of Continuous Vibrations and VPM values
for different categories of handheld power tools. The pr values were obtained from standardized test codes designed to

determine apy values.

Table 1: Examples of values for Continuous Vibrations an and VPM pr measured on different handheld power tools.

Example any m/s? Example pr m/s?
Impulse Nutrunners — Pneumatic and Electric 2-8 200 - 600
Angle Grinders - Pneumatic 2-6 50 - 200
Chipping Hammers - Pneumatic 2,5-10 300 - 1700
Impact Nutrunners - Pneumatic 4-8,5 600 - 1400
Direct Drive Nutrunners - Pneumatic and Electric 02-1 20-100
Drills without Impact - Pneumatic 0,8-2 20 - 50

The table clearly illustrates the difference of levels for the two metrics used to assess the vibration emissions generated
by the power tools.

The data show that the VPM value highlights the effects of repeated shocks, particularly for percussive and impact tools.
For instance, the impulse nutrunners and the pneumatic grinders exhibit similar vibration levels when assessed by means
of continuous vibrations. However, when evaluated using the VPM metric, a slightly different picture emerges: the
impulse nutrunners generate substantially higher vibration levels once repeated shocks are considered.

It can be observed that the power tools using a percussive mechanism such as chipping hammers and impact nutrunners
will exhibit significantly higher VPM values than rotating tools such as grinders and drills without impacts.

In summary, VPM values below 100 m/s? can be regarded as low, whereas VPM values above 500 m/s? as measured for
example on percussive tools can be considered as high.

These contrasts emphasize the importance of considering both continuous vibrations and VPM values when evaluating
handheld power tools. Using the two metrics together enables a more comprehensive and accurate assessment of tool-
related vibration exposure and its potential implications for operator safety and performance.

8 Conclusion

The VPM value specified in the Machinery Regulation provides a metric appropriate to evaluate the mean value of the
peak amplitude of acceleration from repeated shock vibrations. The values declared by power tool manufacturers and
measured on power tools used in real applications at workplaces will contribute to the gathering of consistent data to
improve occupational safety.

There is currently no clear evidence that repeated shocks produce specific health effects beyond those associated with
continuous vibrations. However, the systematic measurement and reporting of data concerning repeated shocks may give
evidence of associations with individual health effects. In addition, the declaration of VPM values will encourage power
tool manufacturers to reduce repeated shock vibrations and enable the development of mitigation measures on existing
tools and the reduction of repeated shock vibrations in the workplace.
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