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USING ACOUSTIC EMISSION FOR MEASURING SURFACE ROUGHNESS
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This paper is focused on exploring and utilizing the acoustic emission and its behaviour during surface roughness measurement.
Surface quality or coating properties significantly affect the reliability and durability of operations. Three samples were selected
for an experiment to demonstrate the possibility of measuring the roughness of surface textures by means of acoustic emission
method (AE). These samples were made of the following materials: sample A2 – EN 54SiCr6 steel formed in water, austenitized at
850 °C for 20 minutes, sample A3 – non-heat-treated spheroidal graphite cast iron, and sample B5 – abrasion resistant austenitic
manganese steel. The surfaces were subjected to the same surface treatments (roughness Ra = 1.6–3.2 μm) and measured under
the same conditions. All possible measurements were measured on both x- and y-axes. Final results are presented graphically. The
measured AE values showed a visible effect in the AE signals due to the lack of surface roughness.
Keywords: acoustic emission; surface roughness; surface quality; surface texture; acoustic waves

Evaluation of the surface properties of the parts is a result
of a specific technological process depending on specific
operational conditions of the surface in operation. This
surface rating is frequently referred to as surface integrity.
According to Dias et al. (2016) and Barényi et al. (2019), the
concept of surface integrity can be defined as all properties
of a functional surface, which have direct impact on its
performance under operation and result from technological
methods used for its manufacturing; these are also reflected
in the quality of the machined surface manufactured
components. The most frequently evaluated surface
integrity parameters include microgeometry (surface
structure); surface hardening layer after machining; and
structural changes in coating (Junki et al., 2018; Gong et al.,
2018; Dobrocký and Kusmič, 2015; Barényi et al., 2019).
Surface represents a border separating objects or
substances from each other. One can subdivide the surface
into three groups (nominal, real and measured) (Bhushan,
2001).
Nominal surface (ideal surface) represents the intended
surface without any surface irregularities. Its profile and
dimensions are usually shown in a drawing. The nominal
or ideal surface structure does not consider the intended
surface roughness (Bhushan, 2001).
Real surface is the real shape of an object and actual
boundary of an object. It differs from the nominal surface
due to the surface-shaping processes taking place.
Differences also come from the properties, composition and
structure of the body material (Bhushan, 2001).
Measured surface is shown using a measuring device
that obtains values by measuring the actual surface. The

real and measured surfaces differ, because no measuring
method is capable of perfect interpretation of the actual
surface (Bhushan, 2001).
Surface parameters are repeated or irregular deviations
from the ideal surface and form a surface texture. Surface
texture includes (a) roughness (nano-roughness and microroughness); (b) waviness (macro-roughness); (c) lay; and (d)
flaws.
Nano-roughness and micro-roughness are shaped by
fluctuations of short wavelengths on the surface, indicated by
ridges (asperities) (local maxima) and valleys (local minima)
of changeable amplitudes and distances. Their size can be
described as large in contrast to the molecular dimensions
(Bhushan, 2013). Within the roughness sampling length,
nano-roughness and micro-roughness are considered to
include traverse feed marks and other errors (Votava et al.,
2020; Ohtsu, 1995; Miller et al., 2005). Amplitude parameters
are considered to be the most important indicators for
surface texture assessment. Measurements of vertical
surface deviations are described herein (Machek, 2013).
Waviness is a surface irregularity formed by surface
layers of longer wavelength; it can be a result of device
deflection, vibration, heat treatment, and uneven pressure
of the work tool on the material. Irregularities are associated
with waviness, the length of which exceeds the roughness
sampling length but does not exceed the waviness sampling
length (Votava et al., 2020; Ohtsu,1995, Miller et al., 2005).
Lay is determined by the main direction of the
predominant surface pattern, which is usually defined by
the manufacturing process (Poláková and Dostál, 2019;
Ohtsu, 1995)
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Flaws are unintentional, unexpected and undesirable
surface texture errors. Furthermore, the surface may contain
significant deviations from the nominal shape due to
a very long wavelength, resulting in shape errors. They are
generally not considered to be part of the surface (Ohtsu,
1995).
Acoustic emission (AE) is a promising and challenging
subject of modern technology and science. It is defined as
the generation of sound and ultrasound waves in materials
subjected to deformation forces. At the time of fracture,
cracking occurs with the release of stored stress energy. Due
to microcracking, some of the stored energy is released in
the form of elastic waves – acoustic emissions. As illustrated
in Fig. 7, AE waves spread through an object and can be
recorded by an AE sensor on the surface, which transforms
the vibrations into electric signals (Ohtsu, 1995, Miller et al.,
2005).
The propagation of fracture sound in materials was
originally marked as AE because they are both acoustic
and audible. It has been explained, on the basis of the
elastodynamics, that AE waves may be synthesized as
elastic waves due to dislocation movement. The latter part
of the AE waveform is generally the result of the AE sensor
resonance vibration (Junki et al., 2018; Gong et al., 2018;
Dobrocký et al., 2019).
The volume and characteristics of generated AE
waves are based on the source characteristics: initial
significance; current state; local metallurgical structure;
and current environments. There is a couple of factors
which effect the propagation of the wave in the material.
Surface waves are created by reflections that are caused
by macro-discontinuities and micro-discontinuities. Grain
boundaries, inclusion, etc. lead to reflection and diffraction.
The anisotropic properties of the medium cause the wave
to change its speed and disperse in different directions with
different speeds, showing the non-ideal elastic behaviour of
the medium (Ohtsu, 1995; Miller et al., 2005).
The paper aims to show the diversity of acoustic
emission utilization and possibilities of its use in practice.
A new method of surface roughness measurement using
acoustic emission is proposed and AE surface scanning
procedure was designed. This procedure was subsequently
tested using the surfaces of various types of materials.

Material and methods
Three samples made of different materials were selected
to demonstrate the ability to measure surface texture
roughness using the designed method. The surfaces were
subjected to the same surface treatment (roughness Ra =
1.6–3.2 μm) and measured under the identical conditions
(Tulka, 2005). Each sample was marked with a combination
of letter and number for simplification:
– A2 – Steel EN 54SiCr6 hardened in water, austenitized at
850 °C for 20 minutes (Fig. 1);
– A3 – Spheroidal graphite cast iron without heat treatment;
– B5 – Abrasion resistant austenitic manganese steel
(EN X53CrMnNiN21 9), especially resistant to dynamic
abrasive wear (so-called 13% Mn “HADFIELD steel”).
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Fig. 1

Measured samples

An AE Xedo analyser manufactured by Dakel was
used for the purposes of measuring the acoustic signal.
Amount of released energy during the measurements was
recorded utilizing an IDK 09 sensor produced by Dakel;
this sensor transferred the released energy to the acoustic
signal. Recorded signal was then sent to Xedo analyser and
subsequently to PC with DaeShow software, by means of
which the measurement plots were created.
Diamond tip was used to produce acoustic signals.
Gauge for the tip was tailored specifically to order and was
made of stainless steel. A diamond tip with a diameter of
approx. 0.75 μm, with an angle of 60°, was embedded to
a stainless steel cylinder and fastened with silver solder
(Fig. 2).
For accurate measuring, optimal conditions were
provided by isolating the ambient conditions from ambient
noise in order not to distort the measurement results. An IDK09 sensor was attached to each sample using a plastic clamp
(a special binding medium was added between the meter
and the sensor). Several measurements were performed
before the measurement. Pen tests were conducted to tune
ambient noise, which would distort the entire measurement.
DaeShow software was set up to provide the clearest results
with almost no noise, following the Pen test.
The distance was measured simultaneously in the x-axis
and y-axis in the sample. The sample was supported with an
anti-vibration pad to prevent the propagation of vibrations
from the surroundings.
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The measurement record was
started when the gauge diamond tip
was placed on the sample surface and
pulled along the indicated path. The
track length was 50 mm. Recording
stopped at the end of the track. The
measurement was repeated five times
and then continued on the y-axis.

Results and discussion

Fig. 2

Diamond tipped gauge used for surface roughness measurement

Fig. 3

Sample A2 measured using IDK-09 sensor on the x-axis

Fig. 4

Sample A2 measured using IDK-09 sensor on the y-axis
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The acoustic surface response of
selected materials was measured. For
this purpose, a special tool equipped
with a diamond tip and a piezoelectric
sensor connected to the evaluation
device was produced. Samples of
three types of material were tested,
all with surface roughness in the
range Ra 1.6–3.2 μm. The following
materials were investigated: steel EN
54SiCr6; spheroidal graphite cast iron
without heat treatment; and steel EN
X53CrMnNiN21 9, resistant to abrasion.
Diamond specimen cross-sections
were measured in samples in both the
x-axis and y-axis.
Following graphs show data
on the observed sample surfaces
obtained by means of IDK-09 sensor
fixed on the gauge. On the basis of
the obtained results, it is clear that the
values measured by AE method differ
significantly in various materials.
In relation to testing of EN 54SiCr6
hard steel, a large difference in acoustic
response was observed between the x
and y measurements. This was due to
the directionality of the roughness of
the surface created by the defending
tool. The recording was performed
in the direction and perpendicular
direction of the tool track. In the x-axis
direction, one can see a regular mark
of the instrument. On the y-axis, the
track is irregular, which is caused by the
gauge moving along the track (Figs. 3
and 4).
The surface analysis of a spheroidal
graphite cast iron material shows
a similar signal in the AE record in
both measured directions. However, its
course was influenced by the graphite
contained in the alloy and the presence
of graphite in the material affected the
recording. After the measurement,
there remained a visible trace in the
material (Figs. 5 and 6). Moreover,
record of the cast iron was distorted
despite using less sensitive sensor. The
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Fig. 5

Sample A3 measured using IDK-09 sensor on the x-axis

Fig. 6

Sample A3 measured using IDK-09 sensor on the y-axis

Fig. 7

Sample B5 measured using IDK-09 sensor on the x-axis
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diamond tip did not copy the surface,
indicating that it is an inappropriate
method for cast iron roughness
measurements. The issue can be
probably solved by using a diamond
tip with a larger angle.
The last observed material
was abrasion-resistant steel EN
X53CrMnNiN21 9. The emission of
acoustic waves is noticeable in both
transverse and longitudinal directions
with similar RMS values. It showed
a suitable signal in regard to the
measured voltage level on the sensor,
as well as the shape, in both directions.
This might have been caused by the
surface finish of the material, which
was performed by diamond grinding.
This signal can be further processed
and evaluated.
It is thus evident from the
experimental results that hard
materials with less rough surface
are the most suitable materials for
surface analysis using the AE method.
Considering the softer materials
and alloys, it is advisable to adjust
the measuring diamond tip to avoid
damaging the sample and prevent the
influences on the measurement at the
same time.
For the purposes of the experiment
presented, a diamond cone with an
angle of 60° was selected to measure
the surface roughness. Utilization of
this apex angle on hard materials is
considered appropriate, since the tip
traces the surface more precisely and
provides a more accurate picture of
the surface. However, for surfaces with
lower hardness, a diamond tip with
a greater apex angle of 90° would be
more efficient. A larger apex angle
should prevent the formation of a
deep trace on the material surface
and distorting the measurement
results. In order to achieve the accurate
results, gauge tip is made of diamond,
because it shows high durability and
also ensures low abrasion wear on
surfaces with higher hardness. In the
case of measuring the materials with
lower hardness, it is also possible to
use a cheaper alternative in the form of
hardened steel.
The surface roughness Ra of
specimens ranged from 1.6 to 3.2 μm.
However, the voltage generated on
the membrane differed considerably in
observed materials. These deviations
were caused by the hardness and
153

Jakub Rozlivka et al.

Fig. 8

Sample B5 measured using IDK-09 sensor on the y-axis

structure of the material. For example,
the difference of the values in the
particular axes is best seen in the A3
sample (spheroidal graphite cast iron)
where the voltage is at 130 mV on the
y-axis and at approx. 230 mV on the
x-axis.

Conclusion
The aim of this work was to investigate
the suitability of the acoustic emission
method for surface roughness
measurement. The acoustic surface
response of selected materials was
observed. Diamond cone with apex
angle 60° was selected for the surface
roughness measurement; utilization
of this angle on hard materials is
considered appropriate, because the
tip follows the surface more accurately
and provides a more accurate surface
description. For surfaces with lower
hardness, usage of a diamond tip with
apex angle of at least 90° would be more
effective. A larger apex angle should
prevent the formation of deep traces
on the material surface and distorting
the measurement results. For accurate
results, the tip of the gauge uses a
diamond that exhibits high durability
and also ensures low wear on surfaces
with higher hardness. In the case of
materials with lower hardness, it is also
possible to use a cheaper alternative in
the form of hardened steel.
Surface roughness Ra ranged from
1.6 to 3.2 μm. However, the stress
generated on the diaphragm varied
widely between materials. These
variations were a result of differences
in the hardness and structure of
materials, e.g. the difference in values
154
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in specific axes can be best seen
in sample A3 (spheroidal graphite
cast iron), in which the y-axis showed
a voltage of 130 mV and the x-axis
approx. 230 mV.
This method is less suitable for hard
materials with a surface roughness
reaching Ra = 3.2 μm. Furthermore, the
measurements presented were greatly
influenced by the directionality of the
surface structure.
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