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Abstract: Percussive tools can generate high-frequency vibrations that are not taken into account
in currently applicable standards. In various publications, it has been suggested that those high-
frequency vibrations may cause health issues. In the present study, high-frequency vibrations
produced by a chipping hammer are evaluated and used to assess the potential damping effect
provided by a thin layer of soft rubber.
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1. Introduction

A low vibration level is, nowadays, an important feature for all hand-held power tools
to comply with customer requirements and working environment regulations. In particular,
vibration levels generated by percussive tools may cause not only discomfort but also
health issues collectively designated as Hand-Arm Vibration Syndrome (HAVS) [1,2]. It is,
therefore, crucial for operators performing repetitive tasks to use efficient tools emitting
as low levels of vibration as possible [3]. For example, power tool suppliers are required
within the European Union to provide information on vibration emissions that reach or
exceed a level of 2.5 m/s2 measured and reported in accordance with several specific
standards [4,5]. Whereas the current methods for vibration declaration take into account
solely frequencies below 1250 Hz, it has been suggested in various studies that vibrations
in a frequency range above 1250 Hz may cause nerve damage to power tool users [6–8].
As a result, there might be new requirements emerging from authorities and companies
concerning the evaluation of and the reduction in high-frequency vibrations.

The current article presents an experimental study of high-frequency vibrations mea-
sured on a chipping hammer. In the study, the signals recorded on the chipping hammer
are used to assess the damping effects of a soft rubber layer on high-frequency vibrations.

2. Background and Procedure

Percussive tools for chipping and scaling are widely used for material removal tasks
in foundries, metal workshops and shipyards. In those industries that require high produc-
tivity in rough working environments, chipping hammers shall offer robustness, sufficient
percussive power and appropriate ergonomic features to protect the user from health
issues, especially due to hand-arm vibrations. In fact, the oscillating forces that drive the
piston in the percussive mechanism of a chipping hammer may generate high vibration
levels in the tool handle. Therefore, certain models of chipping hammer have a damp-
ing system to reduce the vibrations transmitted to the handle. The vibration reduction
can be achieved, for example, by using a soft spring that isolates the handle from the
percussive mechanism. The chipping hammers with this type of damping system have
relatively low vibration levels according to ISO 28927-10. However, the impacts produced
in the percussive mechanism may still imply significant accelerations at high frequencies in
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the handle. Therefore, to investigate high-frequency vibrations and a potential damping
method, measurements were performed on a damped chipping hammer manufactured by
Atlas Copco and designated as RRF31.

The measurement procedure was conducted according to the general guidelines
described in ISO 28927-10. However, the procedure was simplified by using one machine
run by only two operators. In addition, the vibration signals were obtained from three
accelerometers mounted with mechanical filters on a block attached to the tool handle by
using double-sided tape and a cable tie. The time signals were acquired with a sampling
frequency of 65,536 Hz. The recorded data were then analysed by applying a low-pass
filter at 20 kHz. Moreover, the mechanical filters used to protect the accelerometers from
potential overloads provided an additional low-pas filter at 10 kHz. For the measurements,
the chipping hammer was operated in a steel ball energy absorber designated as Dynaload,
as shown in Figure 1. Each of the two operators performed five runs of 10 s initially on the
chipping hammer with the regular handle (new tool from factory) and then on the same
machine with the handle partly covered with a 2 mm layer of soft rubber. The regular
handle is made of aluminium with a painted surface.

The data provided by the three accelerometers were used to evaluate the declared
vibration emission value ahw for the chipping hammer. In addition, the Vibration Peak
Magnitude (VPM) was calculated by using the relationship

VPM =

√
∑ a2+2k

∑ a2k (1)

where the parameter k was set to 2.
According to a report on signal processing [9], the value produced by the VPM

calculation can be used to quantify the high-frequency content of the vibrations generated,
for example, by repeated shocks. In the present study, the VPM value is mainly used to
characterize the effect of vibration damping at high frequencies.

Figure 1. The chipping hammer positioned in the energy absorber used for the vibration measure-
ments that were performed with three accelerometers mounted on the handle.
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3. Measurement Results

In Figure 2, the time signals of the accelerations recorded by the three accelerometers
are shown in the X-, Y- and Z-directions for two runs, where one run was performed on
the regular handle and the other run on the damped handle. The signal amplitudes can
vary significantly during a triggering sequence. Nevertheless, the signal amplitudes are
clearly reduced by using the soft layer of damping material in the X-, Y- and Z-directions.
The acceleration spectra obtained by averaging the vibration data from the 10 runs are
presented for both tool configurations in 1/24th octave bands in X-, Y- and Z-directions,
as shown in Figure 3. A large reduction in the acceleration amplitudes can be observed at
high frequencies above 1 kHz, and there are no significant variations in the acceleration
levels below 1 kHz.

In Table 1, the VPM and ahw values obtained for both tool configurations are given in
the X-, Y- and Z-directions and for the resulting vector norm. The soft rubber layer used on
the damped handle provides a substantial decrease in the VPM value and, on the contrary,
it has no effect on the vibration declaration value ahw.

Figure 2. Time signals for two runs, one run performed on the regular handle (plots on the left) and
the other run on the damped handle (plots on the right). Measurement direction and max–min values
are indicated in each graph (red triangles for max values and red circles for min values).
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Figure 3. Acceleration spectra given in 1/24th octave bands for both tool configurations in X-, Y- and
Z-directions.

Table 1. VPM and ahw values are provided for both tool configurations with standard deviation and
uncertainty factor, respectively. All values are given in m/s2 and rounded to one decimal.

Tool Regular Handle Damped Handle

VPM (Std. Deviation) ahw (Std. Deviation) VPM (Std. Deviation) ahw (Std. Deviation)

X: 859.8 (32.6) 4.2 (0.6) 156.8 (59.2) 3.8 (0.4)

Y: 1332.4 (311.3) 3.1 (0.6) 136.0 (25.1) 3.6 (0.7)

Z: 1585.2 (92.6) 0.8 (0.4) 112.4 (13.7) 1.1 (0.2)

Norm (X,Y,Z): 2260.5 (155,2) 5.3 (0.7) 242.8 (33.1) 5.3 (0.7)

4. Discussion and Conclusions

The damping effects of a thin layer of soft rubber on high-frequency vibrations are
demonstrated by using time signals, acceleration spectra and VPM values. The soft rubber
has no impact on the declared vibration emission value measured at 5.3 m/s2. The official
declaration value for the tool is 5 m/s2 with an uncertainty K = 1.6 m/s2. Furthermore,
the damping effects at high frequencies, as shown in Figures 2 and 3, are clearly indicated
by the decrease in the VPM values. This tends to prove that the VPM value can be used
as a suitable parameter to quantify high-frequency vibrations. The use of a thin layer
of soft rubber on a chipping hammer handle gives a substantial damping effect on high-
frequency vibrations and provides extra insulation against the cold surfaces generated by
the pneumatic tool. For further development, a suitable damped handle has to be designed
and the material durability has to be investigated in industrial applications.
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