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Abstract

This study proposes a novel approach to monitoring the grinding wheel during the
dressing operation by using acoustic emission (AE) signals and the statistical Counts
method. AE signals were acquired during the dressing passes and processed in
MATLAB®. The Counts matrices were segmented according to the grinding wheel
rotation, and the metric termed z-ratio, which combines mean and standard deviation
statistics, was calculated for each subwindow. The vectors were then filtered, normalized,
and represented in polar coordinates. The results demonstrate the method’s ability to
track the evolution of dressing and detect grinding wheel eccentricity, offering a
promising tool for the indirect monitoring of the surface conditions of the grinding tool
during the dressing operation of conventional grinding wheels.

Keywords: acoustic emission; dressing operation; statistics counts; grinding wheel;
eccentricity

1. Introduction

Grinding is one of the final stages in the machining chain and is essential for achiev-
ing an excellent surface finish on parts. The tool used in this process is called a grinding
wheel [1], and its function is to remove material in a controlled manner, ensuring the final
quality of the workpiece. Over time, the grinding wheel loses its cutting ability due to the
wear of its abrasive grains and the accumulation of chip and other substances in its pores,
which compromises the efficiency of the process [2].

One of the main faults encountered is grinding wheel eccentricity, a condition in
which the wheel’s axis of rotation does not coincide with its geometric center. This defect
may result from manufacturing flaws or from irregular wear of the abrasive surface dur-
ing grinding [3]. When the cutting surface is not in proper condition, it becomes necessary
to perform an operation known as dressing. This operation employs a tool called a dresser
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to remove layers from the wheel’s topography, restoring the cutting ability of the grinding
tool. Among the existing types of dressers, the single-point diamond dresser is considered
the simplest technique and is often cited as one of the most effective for producing a sharp
and suitable cutting surface for the grinding process [4,5].

The monitoring of the dressing operation is generally carried out in a subjective
manner [6]. Thus, the success of the operation depends on the operator’s skills, as they
determine when to interrupt the process based on visual and auditory perceptions. In this
context, tool condition monitoring (TCM) is of great importance to ensure the reduction
of material waste and the efficiency of the grinding process. TCM systems can be classified
into two groups: (i) direct monitoring, in which the measured variable is observed directly
with high precision, generally by means of laser sensors [7], and (ii) indirect monitoring,
which relies on the empirical correlation between a variable measured during the process
and the condition of the grinding wheel [8].

In 1984 and 1985, D. Dornfeld and G. Ca [9] and [10] were pioneers in employing the
acoustic emission (AE) sensor as an indirect method for monitoring the grinding wheel
during grinding and dressing processes. The main advantage of using these sensors is that
the operating frequency of a conventional AE sensor is higher than the frequencies of the
machine and the surrounding environment, resulting in lower noise levels in the collected
signals [4,7]. Other advantages, such as the relatively low cost and ease of assembly, as
noted by Aguiar et al. [11] and Marinescu et al. [4], are also relevant to the application of
this device in the monitoring of machining processes. In recent decades, the AE sensor has
been one of the most extensively investigated techniques for monitoring the grinding
wheel, as evidenced by studies such as [2,12].

The Counts statistic, in particular, assists in characterizing the grinding wheel by
counting peaks in acoustic signals, providing an indication of the dressing evolution. The
Counts statistic has been applied to the analysis of AE signals, both in their raw form and
after filtering within specific frequency bands, with the aim of assessing the condition of
conventional grinding wheels [2] and CBN grinding wheels [13]. However, these studies
did not evaluate the application of this statistic in time windows that correspond exactly
to one full rotation of the grinding wheel.

Therefore, the aim of this study is to extract features from AE signals by applying the
Counts statistic within time windows equivalent to one complete rotation, thereby
enabling the correlation of the distribution of acoustic events throughout the rotation with
the condition of the grinding wheel. This approach seeks to provide the operator with a
more objective analysis of the process, visually indicating whether the grinding wheel
exhibits faults such as eccentricity or if the tool has already been properly dressed.

2. Materials and Methods

This section presents the materials and methods employed in this study for conduct-
ing the dressing tests and performing digital signal processing.

2.1. Dressing Tests

The dressing tests were carried out on a RAPH 1055 surface grinding machine (Sul-
mecanica), equipped with a conventional aluminum oxide grinding wheel from NOR-
TON, model 38A.150.LVH, with dimensions of 324 x 25.4 x 127 mm, and a single-point
diamond dresser manufactured using the Chemical Vapour Deposition (CVD) technique.

An acoustic emission (AE) sensor from Sensis was mounted on the dresser holder,
and acoustic waves were collected during each dressing pass. The DM42 amplifier mod-
ule, also from Sensis, was used for signal conditioning and analog filtering through a low-
pass filter set with a cutoff frequency of 400 kHz.
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Figure 1. Test bench setup.

Preliminary grinding and dressing tests were carried out with the aim of determining
the optimal parameters to be applied in the final experiments. The dressing parameters
include: dressing depth (ay), overlap ratio (Uy), and number of dressing passes (Py). The
parameters obtained are shown in Table 1.

Table 1. Dressing parameters.

Ng[RPM] dg [mm] Vg[m/s] ay; [mm] b, [pm] ty [s] Sy [mm] U, P,
1800 319.84 30.14 0.01 800 5.820 0.1455 5.5 32

The process for introducing faults into the grinding wheel consisted of the
unconventional grinding of the workpiece without the use of cutting fluid. Twenty passes
of the grinding wheel were performed on the surface of the workpiece, an ABNT 1020
steel specimen measuring 150 x 48 x 12 mm. After this process, and now with the use of
cutting fluid, the final dressing test was carried out, employing a dressing depth of 0.01
mm.

From the (a;) parameter, the dresser’s working width (b;) was measured using
images captured by a DTB brand digital microscope, model USB: DNT DigiMicro 2.0
Scale, equipped with a 2-megapixel (MP) camera. As a standardized procedure, the im-
ages were always taken from the same position, at approximately 8 mm from the tip of
the dresser, which has a diameter of 10 mm.

The final test consisted of thirty-two (32) dressing passes to regularize the grinding
wheel, i.e., upon contact with the dresser, thirty layers of abrasive material were removed
from the grinding wheel’s cutting surface.

2.2. Digital Signal Processing
2.2.1. Original AE Signal

Digital signal processing was performed using Matlab®. Initially, through a script,
the data contained in the binary files corresponding to the acoustic signals collected by
the oscilloscope during the dressing pass were converted into the double format, standard
in MATLAB. Subsequently, for each pass, the portion of the signal corresponding to the
dressing operation was extracted, since the original signal also includes noise regions at
the beginning and end of the record. The AE signals corresponding to passes 1 and 30, as
well as the noise regions and the 0.05 threshold used for the Counts statistic, are shown in
Figure 2.
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Figure 2. Original acoustic emission signals and the threshold used.

2.2.2. Counts.

The statistical Counts method records the number of times the acoustic emission (AE)
signal exceeds a given threshold within a specific time period. Figure 3 illustrates this
process, in which the acoustic signal is compared to the continuous threshold signal, and
each time the AE signal surpasses this threshold, an event count is generated at the rising
edge.
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Figure 3. Counts.

2.2.3. AE Signal Feature Extraction

Figure 4 illustrates the steps performed for extracting features from the AE signal.
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Figure 4. Steps for extracting features from AE signals: (a) Counts; (b) z-ratio; (c) Filtering and nor-

malization; and (d) Polar coordinates.

Step 1, illustrated in the first frame of Figure 4a, shows the windowing process for
applying the Counts method. The objective was to observe the behavior of Counts during
each rotation of the grinding wheel. To determine the time corresponding to one rotation,
the grinding wheel speed parameter (N;), which is equal to 1800 RPM was used as a ref-
erence. Converting this value to revolutions per second yields 30 revolutions/s. Thus, the
time associated with one rotation was 33 ms, which was adopted as the duration of each
window. The number of samples per window was determined by multiplying the
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sampling rate by the 33 ms time interval, resulting in 66,000 samples. The first window is
formed from the first sample of the signal, and each subsequent window begins
immediately after the end of the previous one, with no overlap between them. The total
number of windows was determined by dividing the number of samples in the trimmed
AE signal by the number of samples per window, resulting in 183 windows for each AE
signal corresponding to a dressing pass. In each window, the Counts method was applied
to blocks of 100 samples, yielding 660 subwindows per window.

For each pass, the Counts matrix resulting from the windowing process has dimen-
sions of 183 x 660 and is composed of columns representing a fixed subwindow along the
rotation, while each row represents a window, that is, one complete rotation of the grind-
ing wheel. Step 2, shown in Figure 4b, illustrates the process of feature extraction from
each resulting Counts matrix. In this stage, several statistical metrics were tested, such as
the maximum value, mean, standard deviation, coefficient of wvariation, kurtosis,
skewness, and median. During the tests, it was observed that none of these metrics, when
considered individually, yielded satisfactory results in correlating with the condition of
the grinding wheel’s cutting surface. Therefore, it became necessary to combine different
statistics, which led to the use of a new metric, referred to by the authors of this study as
the z-ratio, defined by Equation (1).

z= 12, (1)

where v is the mean and o is the standard deviation calculated for each column across all
windows. The result of this calculation for each pass was stored as a vector with dimen-
sions 1 X sw, where sw represents the number of subwindows (660) per rotation.

After calculating the z-ratio, a moving average filter with a window size of 15 points
was applied to smooth high-frequency fluctuations and highlight signal trends.
Subsequently, each vector was normalized by its mean to standardize the scale across
different passes. These steps are illustrated in Figure 4c. Finally, in the stage shown in
Figure 4d, the normalized vectors were converted into polar coordinates, and plots were
generated to visualize the evolution of the dressing operation and thereby identify the
grinding wheel’s eccentricity fault.

3. Results and Discussion

The plots in Figure 5 present the results of the first three steps described in the
previous section. Figure 5a displays the signals obtained after applying the z-ratio,
calculated for each subwindow of the Counts matrices corresponding to passes 1, 5, 10,
20, and 30. Figure 5b shows the filtered vectors, and finally, Figure 5c presents the vectors
after the normalization process, in which all signals were scaled to have a mean equal to
1.

By analyzing Figures 5a and 5b, an increase in signal amplitude can be observed
throughout the progression of the dressing operation. In the initial passes, such as passes
1 and 5, the signals exhibit lower amplitude values, reflecting a grinding wheel condition
considered faulty. As the dressing operation progresses, the contact between the dresser
tip and the abrasive grains becomes more intense, and, as can be seen from pass 10 on-
ward, there is a rise in amplitude values, followed by smaller variations in the subsequent
passes, indicating that, at this stage, the grinding wheel was likely already dressed.
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Figure 5. Z-ratio applied to Counts: (a) Unfiltered signals; (b) Filtered signals; (c) Signal normaliza-

tion.

By associating the curves generated by the z-ratio during the dressing passes with
the grinding wheel’s cutting surface, it was possible to identify the regions and moments
in which the wheel exhibited wear in its abrasive layer, i.e., the points at which eccentricity
was present. Figure 6 provides an alternative visualization of the results obtained in the
fourth step of the method, in which the normalized signals were converted into polar co-
ordinates. Analyzing the plot, it can be observed that the closer the curve is to the unit
circle, the lower the grinding wheel’s eccentricity, as seen in passes 10, 20, and 30. Con-
versely, in passes 1 and 5, there is a significant deviation between the curves and the unit
circle reference, indicating that, in these passes, the grinding wheel exhibited uneven wear
in its abrasive layer, that is, eccentricity was present. This wear, even on a small scale, is
sufficient to cause damage to the workpiece during finishing operations. Therefore, the
use of the z-ratio applied to acoustic event counting, combined with polar analysis, proves
to be a promising tool for monitoring dressing efficiency and detecting wear conditions
on the abrasive surface.
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Figure 6. Visualization in polar coordinates.
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4. Conclusions

The present study introduced an innovative approach to using the Counts statistic
for feature extraction from acoustic emission signals collected during the dressing
operation of conventional grinding wheels. The application of the metric termed z-ratio,
combined with filtering, normalization, and representation in polar coordinates, proved
highly effective in correlating signal behavior with the condition of the abrasive surface,
enabling an objective assessment of the dressing evolution.

The results obtained demonstrate that the proposed methodology is capable of
clearly identifying the transition of the grinding wheel from a worn condition to a suitable
cutting state, as well as detecting faults such as eccentricity. This diagnostic capability,
achieved indirectly, provides technical support for the operator’s decision-making,
reducing process subjectivity and increasing the efficiency and reliability of the grinding
process.

The integration of the Counts statistic with polar analysis has also proven promising
for the early detection of anomalies, which can contribute to reducing defects in
workpieces and optimizing the grinding wheel’s service life. Considering the
performance achieved, it is recommended for future work to expand the application of
the method to different types of sensors, operational conditions, and grinding wheel
geometries, as well as to integrate artificial intelligence techniques, such as artificial neural
networks, for the automatic classification of tool conditions.

The conclusions presented are valid for the specific test conditions established in this
study and may serve as a basis for further research and industrial applications in grinding
process monitoring.
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