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Abstract
Grinding is a manufacturing process that has the objective of granting the workpiece a high-quality surface and is
located at the end of the sequence of machining processes. During grinding operation, the abrasive grains of the wheel
surface are worn and the pores are filled with debris. This phenomenon makes the cutting tool less efficient to remove
material and sometimes improper to be used if a process to correct the cutting surface is not applied to the tool.
Dressing is defined as a conditioning process which gives shape to the wheel and has the purpose of improving its
capacity to remove material. In this context, this work proposes the monitoring of the dressing process of CBN wheels
through acoustic emission technique (AE) along with the processing of digital signals. Dressing tests were done in a
cylindrical grinder with two types of CBN wheels and the surface after the process was evaluated through micro-
graphs. The AE signals were acquired with a 2 MHz sampling rate. In sequence, statistics such as RMS (root mean
square) and counts were applied to the sample signals and analyses in the frequency domain were done to select
frequency bands that are more related to the dressing process. The results show that the counts’ analysis applied to the
signals filtered in the selected bands is effective to detect the best moment to stop the dressing process.
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1 Introduction

The manufacturing processes are essential to the economy.
Currently, the increased need for manufacturing processes
are more complex that require surface with higher quality, as
well as the interconnection of industrial equipment is drasti-
cally increasing [1, 2]. The intelligent manufacturing will be
able to rapidly adapt its structures to technology changes as
manufacturing becomes faster, more precise, and more re-
sponsive to the customer needs [3, 4].

Grinding is a manufacturing process located at the end of
the chain of the sequence of machining processes. This pro-
cess is mostly used to grant the workpiece high-quality sur-
face, well-defined geometric characteristics, and low rough-
ness [5–11]. The cutting tool used in the grinding process is
the grinding wheel, which has abrasive particles distributed
randomly along its surface united by a bond material [12–14].
The structure of the tool makes the machining process harder
to predict due to stochastic behavior [15] and it is known that
the efficiency of the grinding process is highly dependent on
the performance of the cutting tool [16–21]. During the grind-
ing process, the abrasive grains on the cutting surface of the
wheel undergowear process and the pores are filled with chips
that come from the material removed from the workpiece sur-
face. This phenomenonmakes the tool less efficient to remove
material and sometimes improper to be used without a process
to correct the cutting surface. In this context arises the need of
the dressing process [22].

Dressing is defined as a conditioning process, which
gives shape to the wheel and defines its capacity to
remove material [23]. This process can be done in dif-
ferent ways including traditional techniques that use
single-point or rotary dressers as well as with more
recent methods such as electrolytic in-process dressing
(ELID) and the laser dressing [24]. In the traditional
dressing of conventional and CBN grinding wheels,
the diamond dressers are commonly used as stationary
tools. In this way, the sharpness of the grinding wheel
surface obtained from dressing is strongly dependent on
the parameters used in the process [25], which are
mainly the dressing depth, feed rate, dresser type, and
the number of passes [26, 27].

The grinding wheels are classified into two categories:
conventional and superabrasive grinding wheels. The
most used conventional wheels used are aluminum oxide
and silicon carbide, while regarding superabrasives, cu-
bic boron nitride (CBN) is commonly used. Regarding
the cost, the superabrasive wheels will have from 10 to
100 times more expensive than aluminum oxide wheels
[28], but have their cost compensated when analyzing
the tool life and the heat dissipation efficiency during
material removal from the workpiece surface during the
grinding process.

The grinding wheel surface has an important role to define
the ground workpieces roughness. If the grinding wheel is
used improperly, damage on the workpiece surface may occur.
In this context, the dressing process should be done accurately
since it has a direct influence on the surface of the grinding
wheel and therefore in the workpiece quality. Hence, the
dressing process monitoring presents as a way to control the
grinding wheel surface and the grinding process output pa-
rameters [29].

In manymanufacturing industries that depend on the grind-
ing process, the monitoring is done by a human operator [30,
31]. Most of the times, the operator stops the dressing process
(the feed of the dresser in direction of the grinding wheel) to
observe the grinding wheel surface condition. Hence, auto-
matic monitoring systems are very important to the
manufacturing industry, once it avoids human errors. In other
words, it assists the process control and the accomplishment
of a successful machining process [32].

Researchers have been putting efforts to establish diagnos-
tic systems more precise using direct and indirect monitoring
techniques [33]. The monitoring of the dressing process can
be done using either of the techniques. The direct monitoring
needs the interruption of the process since the measured var-
iable is observed directly with high accuracy [34, 35]. On the
other hand, indirect methods estimate the value of the desired
variable through determined empiric correlations. In this way,
it is less precise when comparing to direct methods but less
complex and more proper for practical applications [36]. The
most used sensors in the monitoring of the dressing process
are the acoustic emission sensor (AE), force (dynamometer),
vibration (accelerometer), and sensors to monitor power.

The monitoring of the dressing process has the main pur-
pose of increasing quality control, reducing costs, and increas-
ing productivity. Moreover, the monitoring of this process
provides the operator the means to schedule the replacement
of the dresser or of the grinding wheel in the correct time,
avoiding damages to the manufactured components [5, 32].
Hence, this work has the objective of monitoring the dressing
operation of CBN grinding wheels through acoustic emission
technique and the digital processing of the signals.

Frequency domain studies were developed as well as
frequency bands that better characterized the dressing
process were selected. Besides that, the counts and the
RMS statistics were applied to the original acoustic
emission signals collected during the dressing process
and also to the acoustic emission signals filtered in the
selected frequency bands. The results indicate that the
counts’ statistic is effective in the identification of the
moment that the dressing operation should be stopped,
avoiding unnecessary material removal of the grinding
wheel. It should be noticed that the dressing of CBN
grinding wheels must be done carefully since it impacts
considerably the performance of the process and the cost
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of the tool is very high. Essentially, this is the reason for
the development of this work.

There are works in the literature on monitoring the
dressing process through acoustic signals and digital sig-
nal processing. However, no studies were found on the set
composed by acoustic emission sensor digital signal pro-
cessing applying frequency band analysis and statistics
(RMS and Counts) in the monitoring of CBN wheels with
different friability. This particularity makes this work in-
teresting for the scientific and industrial community since
the dressing of CBN wheels is often done incorrectly.
These phenomena result in material waste or poor surface
quality of parts. In this context, this work seeks to fill this
gap with a simple monitoring proposal that uses standard
statistics to monitor manufacturing processes.

The main contribution of this research that aggregate value
to the research presented in [32] consists of the application of
the RMS statistics, as well as presents a different type of
grinding wheel that is monitored. While in [32] only one alu-
minum oxide grinding wheel is analyzed, in this work two
CBN wheels with different friability characteristics are ana-
lyzed. In comparison to the work presented in [5], which
monitors the shape of an aluminum oxide wheel using fuzzy
systems, this work has a different approach since it monitors
the dressing operation of CBN grinding wheels using statistics
of low computational cost, resulting in a simpler monitoring
system. In this way, this work presents an unprecedented ap-
proach regarding the monitoring of dressing of the CBN
grinding wheels through acoustic emission and digital signal
processing.

2 Monitoring of the dressing process

The measurement of the acoustic emission signal is consider-
ably more sensitive to variations in the conditions of the grind-
ing operation thanmeasurements of force and power, resulting
in a more promising technique for real-time measurement of
the process [37]. According to [37], the acoustic emission
signal sources during the process come mainly from the frac-
ture of the bond/abrasive grain fracture and from the friction
between the abrasive grain and the material which is in contact
with it, mechanisms which are directly connected to the wear
of the wheel.

Some notable advantages of the utilization of the acoustic
emission sensor for monitoring are the tendency of the signal
to propagate in frequencies much higher than the generated in
the machining processes, minimizing the noises that are cap-
tured with the signal [8]. Given that, to analyze the friability
aspect of the abrasive grains, the acoustic emission signal is
the more proper parameter since it can capture precisely dif-
ferent signal magnitudes in function of different fracture
modes, allowing reliable analysis.

The complexity of the grinding process requires continu-
ous researches and various monitoring techniques are avail-
able to identify the problems that occur with this operation
[38]. The monitoring of grinding processes through acoustic
emission sensors is widely used nowadays [39]. In this con-
text, some statistics are applied to the AE signal samples col-
lected during the process. The main statistic used to evaluate
the acoustic emission signals on the grinding process is the
RMS [40–42], which is defined in Eq. 1:

AErms ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1

N
∑N

i¼1AE
2 ið Þ

r

ð1Þ

where N is the block data size, AE is the raw acoustic emission
signal, and i is the vector index of the raw AE signal.

Besides the RMS, other statistics can be used to analyze the
acoustic emission signal, such as the rate of power (ROP)
[43–45], the root mean square deviation (RMSD) [46], mean
value deviation (MVD) [47], and the counts. According to
[48], the counts’ statistics is the number of times that the signal
cross a threshold per unit time. This parameter can be used to
quantify the acoustic activity of the signal.

The CBN grinding wheels are normally dressed with depth
much lower than the aluminum oxide wheels since the dress-
ing forces are much higher when using CBN [49]. In this way,
monitoring of the dressing process is very important, especial-
ly when CBN grinding wheel is used [50]. With this, the loss
of grinding wheel material can be minimized [51].

In this context, a monitoring systemwith combined sensors
(Acoustic Emission and Power Sensors) was used to monitor
the grinding process with CBN grinding wheels [51, 52]. The
results showed that the use of this system along with digital
signal processing techniques is effective in estimating the pa-
rameters of the cycles of the process, allowing optimization of
the results. The power sensor was used aiming to evaluate the
energy efficiency of grinding process with CBN wheels [53].
Besides the signals acquisition, roughness measures were tak-
en to evaluate the performance of the tested tools. The results
showed that this methodology is effective to evaluate the
grinding wheels’ performance and to assist in the selection
of the wheel that is more proper to that specific process. The
monitoring of the grinding process with CBN grinding wheels
through SVM models and acoustic emission signals is pre-
sented by [54]. The results showed that the proposed system
is capable of classifying the condition of the CBN wheel with
an accuracy of 85%. Besides that, the authors showed that
from the AE signal energy, it is possible to monitor the work-
pieces’ roughness.

The monitoring of the dressing process is of great interest
to the industry due to the added value the workpiece has at this
point. The interruption of the grinding process, as well as the
excessive loss of material, are factors that affect productivity.
In this context, this work proposes a technique to monitor the
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dressing of CBNwheels, optimizing the process regarding the
waste of abrasive material and wheel performance. In this
way, the implementation of this system can benefit both the
manufacturing industry and the scientific community.

3 Material and methods

3.1 Experimental setup

The studies were developed in a cylindrical CNC grinder
of SULMECÂNICA, model RUAP 515H, using a multi-
point diamond dresser of Master Diamond (15 × 8 × 10)
and two CBN grinding wheels with similar specifica-
tions, but an accentuated difference in the friability level
of the abrasive grains, were used. The wheels are spec-
ified as SNB151.GS Q12 VR2 and SNB151.GL Q12
VR2 (known respectively as CBN GS and CBN GL).

The grindingwheels were manufactured with the following
dimensions: 350 mm (outside diameter) × 19 mm (thickness)
× 127 mm (hole diameter). The geometry and dimensions are
presented in Fig. 1.

The acoustic emission sensor was positioned as indi-
cated in Fig. 2 and the acquisition module Sensis DM42
was connected to the acquisition board of National
Instruments, model BNC 2110. Although there is a

nozzle in the setup experiment (Fig. 2), the process
occurred without using cutting fluid for the proper ac-
quisition of the acoustic emission signals. As shown in
Fig. 2, the sensor was positioned allowing the correct
acquisition of the signals generated by the fracture of
the abrasive grain/bond during the contact of the grind-
ing wheel with the dresser. The tests consisted of dress-
ing the CBN wheels moving the dresser longitudinally
at a speed of 500 mm/min and using always depth of
1 μm, which is given by the approximation of the
wheel towards the dresser after each pass.

Other data, as well as the main test parameters, are shown
in Table 1.

3.2 Evaluation of the grinding wheel surface

After the execution of some passes of the grinding wheel over
the dresser, micrographs of the wheel surface were taken to
enable the further association of the intensity of the acoustic
emission signal generated in a certain pass with the visual
aspect of the wheel surface. Also, it was analyzed that the
intensity of the clogging by the qualitative and quantitative
identification of elements, such as the visibility of the abrasive
grains, pores, and bonding materials or debris adhered to the
surface.

The grinding wheel topography was analyzed before and
after each test with an optical microscope, model DigiMicro
Scale, produced by Dnt company, with × 200 magnification,
to verify the possible occurrence of the wheel clogging
phenomenon.

3.3 Signal processing and selection frequency bands

Selecting frequency bands is a potent tool for monitoring
manufacturing processes. By selecting frequency bands, it is
possible to extract important characteristics of the monitored
process, thereby achieve a diagnosis, whether about the tool or
even the part being manufactured. According to Ribeiro et al.

Fig. 1 Geometry and dimensions of the grinding wheel [55]

Fig. 2 Schematic of the
experimental setup showing the
two different abrasive grains
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[46], the selection of frequency bands should be made by
objective criteria, such as the low overlap of spectra between
the conditions observed in the process, as well as evident
differences in their amplitudes. These criteria guided the
search for frequency bands in this work.

The acoustic emission signals (AE) obtained during the
dressing process were processed digitally in MATLAB.
Initially, the signals corresponding to the dressing passes were
analyzed in the time domain with no application of digital
processing. In sequence, it was applied that the RMS in all
the dressing passes in blocks of 2048 points corresponds to
1 ms, as indicated in [37]. A low-pass digital filter of the type
Butterworth with a cutoff frequency of 10 Hz and first-order
was applied to the signals obtained from the RMS application
aiming to eliminate the noisy frequencies, as indicated in [5].
Lastly, the RMS signal corresponding to the dressing pass was
extracted and its average level was calculated for each dress-
ing pass. In the same way of application of the RMS, the
counts statistics was applied to the dressing signals in blocks
of 2048 points, corresponding to 1 ms based on the research of
[32]. A digital filter of low-pass Butterworth type with cutoff
frequency of 10 Hz and order of filter 1 was applied to the
signal with counts application. The average for each signal
from the dressing passes was calculated.

After the analysis of the signal with the counts and RMS
application, it was analyzed that the spectrum in signal fre-
quency corresponds to the dressing passes. The objective of
the signal processing is to find the frequency bands that are
better related or characterize the behavior of the monitored
process. The spectrum was obtained for three dressing condi-
tions. The first pass represents the beginning of the dressing
process in which the grinding wheel is clogged. The second
pass corresponds to a sample obtained throughout the test,
when it was removed part of the clogging of the wheel.
Lastly, the third sample corresponds to the end of the dressing
process, when the grinding wheel is not clogged anymore and
is ready to be used in the process again. The fast Fourier
transform (FFT) was obtained for the selected pass, using
the fft command in the Matlab software and the Hanning
window. Regarding the passes, the magnitude vectors of the
spectrum in frequency were filtered using a digital filter
Butterworth low pass filter with cutoff frequency of 2 kHz
and order 4. This filter is necessary to allow a better analysis
of the signal and to facilitate the searching of frequency bands,
once it eliminates high frequency variations of magnitude of

Fig. 3 GL grinding wheel in clogged condition

Table 1 Parameters of the dressing test

Parameter Description/value

Grinding wheel Cubic boron nitride

Dresser Multi-point diamond (15 mm× 8 mm× 10 mm)

Depth of cut 1 μm/pass

Longitudinal speed 500 mm/min

Cutting speed (vs): 32 m/s

Grinding width: 4.5 mm

Cooling method Dry

Abrasive grains

Fig. 4 GL grinding wheel dressed surface

Fig. 5 Dressing passes signal on each condition (begging, during and end
of the process)
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the analyzed spectrum. A frequency band was selected using
the criteria of non-superposition similar to the criteria present-
ed in [12, 56, 57]. Afterwards, the AE signal of the dressing
passes were filtered in the selected band through a digital
band-pass filter Butterworth type and order 5. Lastly, the
RMS and counts were applied again to the filtered signal in
the selected band and the averages were obtained as described
previously. The objective of applying it once again to the same
statistics in the EA signal is to compare the obtained results
looking for improvements in the diagnosis of the monitored
process. It is important to highlight that the signal processing
described in this section was applied to the signal of both CBN
grinding wheels used in the tests and presented in the section
“Experimental setup.”

4 Results and discussion

4.1 Results for the grinding wheel GL—SNB151.GL
Q12 VR2 (less friable abrasive grains)

4.1.1 Evaluation of the grinding wheel surface

The illustration of the GL grinding wheel in the clogged con-
dition is presented in Fig. 3. Due to the fill of the wheel pores

with chips arose from the grinding process, it is not possible to
see the abrasive grains on the wheel surface. This clogging
condition makes the tool unfit to be used for the grinding
operation once the abrasive grains’ cutting edges are not able
to efficiently remove material from the workpiece surface.
Consequently, the grinding forces are increased and the pro-
cess performance is impaired, resulting in workpieces with
lower surface quality.

The dressing process restores the grinding wheel surface to
the ideal condition removing a slight layer of the surface
allowing the exposition of new cutting edges and the cleaning
of the pores filled with debris. In this context, the wheel sur-
face after the dressing process, described in the “Experimental
setup” section, is presented in Figs. 4. This image was obtain-
ed from the wheel surface after 50 dressing passes. It is note-
worthy that this topography may have been reached in previ-
ous steps. However, the process was not interrupted as stan-
dard industry operating conditions were sought. Thus, in fu-
ture sections, it will be possible to observe that in some cases,
some passes were made without necessity, resulting in the
waste of the abrasive layer of the wheel, as well as of the
diamonds that make up the dresser. Contrary to the previously
shown condition, it is possible to identify the abrasive grains
responsible for the material removal of the workpiece surface
on the grinding process. Besides that, the abrasive grains pres-
ent varied shapes, generally with sharp cutting edges, which is
one of the parameters that define the capacity of the grinding
wheel to remove material. The exposure of the abrasive grains
and the cleaned pores allow the workpiece surface finish re-
quired to be attained and the process occurs more efficiently.

The analysis through images is very useful to deter-
mine the grinding wheel surface condition. However, it
also has disadvantages, such as the considerable time
needed to obtain a diagnosis and the need to interrupt
the dressing or grinding process. Hence, the indirect
monitoring through sensors is necessary to automatize
these processes and support on the diagnosis of the
wheel surface.

Fig. 6 Parameters used to evaluate the tests

Fig. 7 Original RMS signal

Fig. 8 Original signal Counts

Int J Adv Manuf Technol (2020) 106:5225–52405230



Regarding the dressing process, the operator stops it gen-
erally when there is no visual vestige of clogging and the tool
is considered fit to be used again on the process. However, it is
possible that the dressing process is stopped early and the tool
still have not been conditioned properly to be used again or
there is also a possibility of the operator interrupting the dress-
ing process belatedly, obtaining the grinding wheel surface in
the desired condition, but with a high associated cost due to
unnecessary material removal of the tool surface, which
proves the importance of an indirect monitoring of the
process.

4.1.2 Digital processing of signal and band frequency
selection

The acoustic emission signal obtained during the dressing
process in three moments (beginning, random intermediate
moment and final of the process) are shown in Fig. 5. It can
be noted that the dressing signal of the fourth pass presents
several spaced peaks originated from the irregular contact be-
tween the grinding wheel and the dressing tool. About the
middle of the dressing process, which was analyzed as sample
in the 28th pass, it can be observed the reduction of the

Fig. 9 Frequency band selection
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spacing between the peaks and the increase in the amplitude of
the acoustic emission signal. This phenomenon occurs be-
cause the contact area between the surface of the grinding
wheel and the multipoint diamond dresser is bigger. Lastly,
it can be observed that by the end of the dressing process, on
the 50th pass, the AE signal sampled does not have spacing
between the peaks as observed in the previous passes. Besides
that, the amplitude of the signal is bigger in comparison with
the signal on the 4th and 28th passes. Again, the observed
alterations occur in function of the contact area between the
grinding wheel surface and the dresser. However, analyzing
only the signal in the time domain is not possible to determine
the optimum moment to interrupt the dressing process once
the variations are gradual. In this way, it is necessary to apply
statistics that can support on the diagnosis of the process and
consequently, the condition of the wheel surface.

The statistics used to evaluate the acoustic emission signal
of the dressing process are shown in Fig. 6. The RMS presents
intervals with values close to zero due to the irregular contact
area between the grinding wheel and the dresser. Moreover,
through the RMS signal, it is possible to detect the beginning
and end of the dressing pass, once it is identified an accentu-
ated increase at 0.3 s and decrease at 3.3 s, when the dresser is
not in contact with the grinding wheel anymore. The threshold
used to contabilize counts in the sampled signals is also
shown. The threshold was established 10% above the noise
identified in the signal.

The RMS original signal averages are shown in Fig. 7. It
observed an increase in the values as the dressing passes prog-
ress. However, the behavior observed does not show a linear
trend, hindering the automatic diagnosis. The 25th and 26th
passes present higher RMS average. However, the passes

Fig. 10 Average RMS of the
filtered signal. a 52–60 kHz band.
b 110–116 kHz band
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number 27 to 31 show a decrease of the RMS average. This
variation makes the system unfeasible for practical applications.

The counts averages for each dressing pass are presented in
Fig. 8. In comparison with RMS (Fig. 7), it is possible to
observe better performance of the counts statistics once there
is a trend of increasing of the signal. However, the task of
establishing a threshold that indicate the correct moment to
interrupt the dressing process is hard due to the fact that the
measurements does not show similar values. For instance,
passes from number 43 to 47 present very close values, which
might indicate that the wheel surface is in the desired condi-
tion. Passes from number 48 to 50 present random behavior,
invalidating the surface diagnosis presented by the passes
from 43 to 47. In this context, it is necessary that the study
of the signal in the frequency domain aim to find frequency
bands that are related to the process conditions. From the band

selection, digital filters can be used and the statistics reapplied
on the filtered signal.

The frequency spectrum for the three dressing process con-
dition is presented in Fig. 9a. It can be seen that most of the
spectrum on pass number 50 has highest amplitude while the
4th pass has the lowest one. In this way, the more dressing
passes are applied on the grindingwheel, the bigger will be the
spectrum level. According to the criteria presented on the
“Experimental setup” section, both frequency bands selected
were 52–62 kHz and 110–118 kHz. A detailed analysis is
presented on Fig. 9 b and c, respectively. It observed well
marked behaviors for each condition of the process (begin-
ning, middle, and end).

Figure 10 presents the average of the RMS filtered signal in
each dressing pass. Figure 10a shows the average of the RMS
signal filtered on 52 to 60 kHz band, while Fig. 10b presents

Fig. 11 Counts average of the
filtered signal. a 52–60 kHz band.
b 110–116 kHz band
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the average RMS filtered signal on 110 to 116 kHz band.
Similarly to the results presented on Fig. 7, the RMS average
of the filtered signal in both frequency bands present highly
non-linear behavior, hindering the identification of patterns
related to the process conditions. The similarity between the
results can be explained due to use of multi-point dresser,
which is a source of acoustic emission signal when the dresser
is in contact with the grinding wheel. In this way, although the
filter is applied on the entire AE sample signal, the energy
level of the signal presents a similar behavior in all the fre-
quency bands. In this way, it can be concluded that the RMS
statistic have not presented sensibility to the diagnosis of the
dressing process of CBN grinding wheels, implying in
unfeasibility of the use of this system for automation of the
dressing process.

The counts average of the filtered signal in both selected
frequency bands for each dressing pass is shown in Fig. 11.
Figure 11a presents counts average of the filtered signal in the
52–62 kHz band. Opposed to the results presented by the
RMS average (Figs. 7 and 10) and by the counts average of
the original signal (Fig. 8), it is possible to identify three re-
gions as well-defined. The first region identified comprises
passes 1 to 12 and represents the beginning of the dressing
process, when the grinding wheel is clogged. The main char-
acteristic of this region is the non-linear behavior of the
measurements.

The second region identified, passes 13 to 28, is related to
the middle of the dressing process and intermediate level of
clogging of the grinding wheel, that is, there was removal of
material of the grinding wheel surface during the dressing
process, but it is not yet fit to be used again in the process
since it is not in its best condition. The main characteristic of
this region is the accentuated increase of the counts’ statistic
level. Lastly, the third identified region, passes 29 to 50, re-
gard the end of the dressing process when the grinding wheel
is fit to be used again. In this region, the main characteristic is

the similarity of the counts values. It should be noted that the
counts average for the filtered signal on the 110–116 kHz band
(Fig. 11b) present the same regions identified on Fig. 11a with
the same characteristics previously described. The main dif-
ference identified consists of the counts statistic. It can be seen
on Fig. 11a that the highest average presents value of 55 while
on Fig. 11b the highest counts average has value of 115.

Lastly, from the results obtained of the counts average of
the filtered signal in the selected bands of the dressing process,
it is possible to see that it could be stopped about the 29th pass,
saving time that was wasted with no gain in the process, as
well as useful material that was removed from the surface of
the grinding wheel, resulting in a lower total life of the tool.
Besides that, the frequency bands analysis proves its impor-
tance when comparing the results presented in Fig. 11 with the
results presented in Fig. 8 once the use of frequency bands
allowed the identification of the conditions of the process.
Thus, it should be noted that the boundaries of the regions
presented in Fig. 11 a and b were made according to the
characteristics of the values obtained with the counts statistics,
in which the first region (unaddressed grinding wheel) pre-
sents variations and little stability. The second region (partially
dressed grinding wheel) shows almost constant growth.
Finally, the third region (dressed grinding wheel) presents
stability in the counts values; that is, the values are very close
when compared.

4.2 Results obtained with the analysis of the CBN GS
(more friable) grinding wheel

4.2.1 Evaluation of the grinding wheel surface

The amplification of the surface of the GS wheel with
clogging is presented in Fig. 12. Similarly to the results
presented in Fig. 3 (GL wheel), it is not possible to iden-
tify the abrasive grains or pores of the wheel structure,

Fig. 13 Amplification of the dressed wheelFig. 12 Amplification of the clogged GS grinding wheel
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implying in a clogged surface, which makes the tool unfit
to be used on the grinding process.

The surface of the GS grinding wheel after the dressing
process is presented on Fig. 13, in which the abrasive grains
can be seen. This image was obtained from the wheel surface
after 61 dressing passes. The same observations as in Figs. 3
and 4 can also be applied, as they address the need to carry out
a more significant amount of dressing to obtain a suitable
topographic surface of the grinding wheel, resulting in the
waste of abrasive material. In comparison with the GL wheel,
there is a difference in the visual aspect since the more friable
(GS) abrasive grains present a darker color while the less
friable (GL) grains present amber color, which has higher
contrast with the wheel structure, resulting in an easier identi-
fication of the grains.

The average of the RMS signal for each dressing pass is
presented on Fig. 14. The trend of increase of the values as the
dresser is moved in direction of the grinding wheel can be
clearly seen. However, similarly to the analysis of the signal
obtained with the GL grinding wheel, it is not possible to
clearly and reliably identify the moments of the dressing

process and use it to determine the moment that the dressing
of the wheel should be interrupted, for example. In this way,
the RMS average of the AE signal is not a parameter fit to
analyze the dressing process (at least for the CBN grinding
wheel with multi-point dresser condition).

The counts average of the AE signal for each dressing pass
is shown in Fig. 15. It can be observed a continuous trend of
increase of the values with some little variations as the dresser
is brought more in contact with the tool. Although the behav-
ior presents a trend of values more reliable than the analysis
presented in Fig. 14, it is not possible yet to identify the mo-
ment when the dressing process should be interrupted, when
there should be no increase of value as the dresser is moved in
direction of the grinding wheel, resulting in a different pattern
in comparison with what was observed in Fig. 12 and the
studies of some authors [32]. In this context, it is important
to analyze the signal in the frequency scope, selecting the
frequency bands that may characterize the process more
efficiently.

The frequency spectrum of the AE signal for the three
conditions of the dressing process is shown in Fig. 16. The
analysis of the selected frequency bands is shown in Fig. 16 a
and b. It can be seen that the process signal has different
amplitudes in most of the spectrum. Besides that, the charac-
teristics presented in Fig. 9a for the dressing process of GL
wheel are also observed with the GS wheel, that is, the spec-
trum related to the beginning of the process has smaller am-
plitude (clogged wheel), while at the end of the process the
amplitudes are bigger (dressed wheel). Two frequency bands
were selected as follows: 66–70 kHz and 112–116 kHz.

Figure 17 presents the RMS average of the AE filtered
signals on the selected bands, in which 66–70 kHz band is
shown in Fig. 17a and 112–116 kHz band is shown in
Fig. 17b. Similarly to the results obtained with the GL wheel,
the RMS average of the dressing passes of the GS wheel does

Fig. 14 RMS of the original signal

Fig. 15 Counts of the original
signal
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not present more homogeneous pattern. It can be seen some
variations in comparison with the results obtained in Fig. 14,
such as the difference on the amplitude of the average RMS
values. However, it is not possible to define the optimum
moment to interrupt the dressing process. In this way, the
RMS average of the AE signal sampled during the process
was not sensible to the variations of the process and surface
condition of the wheel. This phenomenon imply in the

inability of the use of the RMS technique proposed in this
work for applications to diagnose the dressing process of
CBN wheel with multi-point dresser.

The counts average for the filtered signals on the frequency
bands of 66–70 kHz and 112–115 kHz are presented in Fig. 18
a and b, respectively. In the same way of the results presented
in Fig. 11 to GL grinding wheel, Fig. 19a presents three well-
defined regions in which it is possible to diagnosis the wheel

Fig. 16 Frequency bands
selection
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conditions during the process, in which the first refers to the
clogged wheel in the beginning of the dressing process (passes
from 01 to 09), intermediary condition (passes from 11 to 14)
and finally clean surface, fit to be used on the grinding process
(passes 45 to 61). The characteristics of the regions were sim-
ilar to the observed in the GL wheel results, that is, initially
there is no linearity of the values (grinding wheel before dress-
ing), after that there is an accentuated increase of the signal
(partially dressed) and finally there is stability of the values
(dressed wheel). In this way, it is possible to establish the best
moment to stop the dressing of the wheel in pass 45.
Regarding Fig. 19b, the counts average of the filtered signal
on the band 112 to 115 kHz presents the same regions.
However, the selected pass for stopping the dressing process
would be 51. Although different, both frequency bands could

be used on the diagnosis system. Due to the fact that the band
66 to 70 kHz presents the best performance, it could be used as
main system, while the other band could be used for
verification.

It should be highlighted that the differences found on
the application of the technique in both grinding wheels
can be explained in function of the different structures
of the wheels. It could be noticed that the GL wheel
(lower friability) is more fitted to be analyzed during
dressing process with the proposed technique. Since its
abrasive grains are less likely to be dislodged during
dressing, the acoustic emission sources originated from
the contact of the abrasive grains with the multi-point
dresser are higher, favoring the application of counts
statistics.

Fig. 17 RMS filtered on the
bands. a 66–70 kHz. b 112–
115 kHz
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5 Conclusion

In this work, a technique to select the correct moment
to stop the dressing process on CBN grinding wheels
was proposed. An acoustic emission sensor, commonly
used in process monitoring, along with techniques of
digital processing of the signal were capable of identi-
fying the characteristics of the process.

The results show that the average values of the RMS and
counts statistics of the original signal were not capable of
identifying the characteristics of the dressing process that
should show a trend in intensity according to the surface con-
dition, making unfeasible its acquisition and analysis for this
purpose. However, after selecting the frequency band that is
strongly related to the characteristics of the dressing process
and applying digital filters on the original signal, the average

values of the counts statistics showed to be efficient to diag-
nosis the best moment to stop the dressing process. It is im-
portant to highlight that the RMS statistics was not sensitive to
detect the characteristics of the dressing process, even after the
original signal was filtered on the selected frequency bands.

The verification of the method in two CBN grinding
wheels with similar structure but different abrasive
grains and friability showed distinct results. However,
the technique showed to be effective on both conditions
and through the counts statistics, it was possible to de-
terminate the best moment to stop the dressing process.
In this way, the proposed technique can be applied on
the dressing process of CBN. The generalization of this
methodology can be applied through the selection of
proper frequency bands that are strongly related with
the characteristics of the process.

Fig. 18 Counts filtered on the
band 112–115 kHz
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Finally, the authors suggest as future work the use of tools
that allow a sufficient verification of the surface condition of
the grinding wheels, helping in a more accurate correlation
with the variations of the acoustic emission signals obtained
during the dressing process monitoring. One can cite as an
example of the use of laser micrometers.
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