
 Procedia CIRP   67  ( 2018 )  319 – 324 

Available online at www.sciencedirect.com

2212-8271 © 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of the 11th CIRP Conference on Intelligent Computation in Manufacturing Engineering

doi: 10.1016/j.procir.2017.12.220 

ScienceDirect

11th CIRP Conference on Intelligent Computation in Manufacturing Engineering, 19-21 July 2017, Gulf of 
Naples, Italy 

Time-domain analysis based on the electromechanical impedance method 
for monitoring of the dressing operation 

 Pedro Oliveira da Conceição Juniora, Fábio Isaac Ferreiraa*, Paulo Roberto de Aguiara, Fabricio 
Guimarães Batistaa, Eduardo Carlos Bianchib, Doriana Marilena D’Addonac  

aDepartment of Electrical Engineering, São Paulo State University, Av. Eng. Edmundo Luiz C. Coube 14-01, Bauru, Brazil  

bDepartment of Mechanical Engineering, São Paulo State University, Av. Eng. Edmundo Luiz C. Coube 14-01, Bauru, Brazil 

cDepartment of Chemical Engineering, Materials and Industrial Production, University of Naples Federico II, Corso Umberto I, 40, Naples, Italy 

* Corresponding author. Tel.: +55-14-3103-6000 . E-mail address: fab.kf@hotmail.com 

Abstract 

Among the methods used in structural health monitoring (SHM), the electromechanical impedance technique (EMI), which uses 
piezoelectric transducers of lead zirconate titanate (PZT), stands out for its low cost. Then, this paper presents a new approach for 
monitoring of the dressing operation from the digital processing of voltage signals based on the time-domain response of a PZT 
transducer by EMI method. Experimental tests of the dressing process were performed by using a single-point dresser equipped 
with a natural diamond. The voltage signals in the time-domain were collected in different damage levels. By using temporal 
statistics, it was possible to qualify different damage levels that the diamond suffered during the dressing operation, observing 
variations from the magnitude of the signals. The dressing operation is of utmost importance for the grinding process and the 
dresser wear negatively affects the result of the process, which owns high added value. In this way, this work contributes with a 
new monitoring tool which aims ensuring a consistent dressing operation. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 11th CIRP Conference on Intelligent Computation in Manufacturing 
Engineering. 
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1. Introduction 

Usually, human operators do the monitoring of the dresser 
tool condition. However, researches own a great interest to 
develop technologies that would be able to automatically 
monitor that condition, contributing effectively for the 
grinding process optimization [1].  

 
Nomenclature 

ANN      Artificial Neural Networks 
C0               Static capacitance 
CAD          Computer Aided Design 
CCDM       Correlation Coefficient Deviation Metric 
DAQ          Data Acquisition System 
EMI           Electromechanical Impedance 

K               Wave-number 
                Size of patch 

N               Amount of discrete data 
NI              National Instruments 
PZT           Lead Zirconate Titanate 
RMS       Root Mean Square 
RMSD       Root Mean Square Deviation 
SHM         Structural Health Monitoring 
ω               Angular frequency 
x                Raw signal 
xRMS               RMS signal 
ZE             Electrical impedance 
ZS            Mechanical impedance of the monitored structure 
ZT           Mechanical impedance 
             Parallel connection 
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It is known that the topography and the conditions in which 

the grinding wheel is prepared in the dressing process have a 
profound influence on the grinding performance. That fact 
directly influences the finishing of the parts [2]. In this way, 
dressing is the process that guarantees the quality of the 
grinding within the required parameters, because it is 
responsible to recondition the grinding wheel when it loses its 
cutting capacity. To dress conventional grinding wheels, it is 
usually used diamond single-point dresser. However, as the 
dressing process occurs, the diamond wears out, which could 
provide less roughness on the grinding wheel. Therefore, an 
online monitoring system could control the condition of the 
grinding wheel and eliminate undesirable conditions of the 
process [1], [3], [4]. 

On the other hand, monitoring systems for structural 
integrity (SHM) in real time are essential for machining 
processes, such as grinding and dressing processes. 
Nowadays, these kinds of systems are indispensable for 
automated systems because there is a need of big productivity, 
high quality and low costs. Among the methods used in SHM, 
the electromechanical impedance (EMI) technique, which uses 
piezoelectric transducers of lead zirconate titanate (PZT), 
stands out because of its low price. The EMI method has been 
used for several applications, such as structures, machines, 
tools and machining processes [5]–[12]. 

Up to the present time, researches about EMI method 
applied on the dressing process were not found, making 
innovative the approach brought out by this work. 
Furthermore, the various researches performed at monitoring 
systems by using EMI care about the real part, imaginary part 
or the magnitude of the impedance signatures, which are 
necessary to detect failures. Nevertheless, the signal in the 
time-domain obtained from the impedance measurement 
through electrical voltage values has not been so studied. 

Therefore, the objective of this paper is to monitor the wear 
condition of single-point dressers of natural diamond through 
the time-domain analysis from EMI method measurements, 
using low cost transducers of PZT type. By means of statistics 
commonly used in signal processing in the time-domain, such 
as mean value and root mean square (RMS), which are 
classical tools but have never been studied for EMI method, it 
is intended to evaluate the damage levels (wear) of the 
diamond, contributing for the dressing operation monitoring. 
This paper presents a simple, direct and economic form of 
monitoring, which looks for a threshold that identifies the 
correct moment in which the dressing tool should be replaced. 

1.1. Electromechanical Impedance (EMI) method 

The operation principle of the EMI method is based on the 
piezoelectric effect that stablishes an electromechanical 
coupling between structure and transducer fixed on it [6], 
[13]. A PZT ceramic glued on a structure is excited by a low 
frequency alternating current. In terms of electrical impedance 
of the piezoelectric transducer, many solutions have been 
proposed based on two-dimensional and three-dimensional 
propagation ways. However, if the thickness of the sensor is 
small, about fractions of millimeters, deformation across its 

thickness is little expressive. The electrical impedance of the 
transducer can be calculated by Equation (1) [8], [9]. 
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Where  is the electrical impedance,  is the angular 
frequency,  is the static capacitance for a square patch of 
size ,  is the wave-number,  is the mechanical impedance 
of the piezoelectric patch,  is the mechanical impedance of 
the monitored structure,  is the piezoelectric constant,  
is the compliance at a constant electric field,  indicates a 
parallel connection, and  is the unit imaginary number.  

Throughout the last decades, the use of PZT transducers to 
control vibrations and noises, as well as damage detection for 
SHM applications, has been gaining increasing importance 
[14]. One of the advantages of these transducers is certainly 
its low cost and great accessibility. This type of transducer has 
importance in many monitoring techniques and are ordinarily 
built of PZT ceramic or Macro-Fiber Composite (MFC), 
which has thickness of about tenths of millimeters [15].  

The use of piezoelectric transducers PZT type is still rare 
in manufacturing systems. Ribeiro et al., [16] analyzed the 
workpiece surface with regard to its surface roughness and 
burn occurrence by using a PZT as an alternative to the 
conventional AE sensor widely used in grinding process 
monitoring. The results showed a strong correlation among 
the characteristics extracted from the collected signals, the 
behavior of the surface roughness of the workpieces and the 
burn occurrence. 

1.2. Damage detection in the time-domain based on the 
impedance 

Although very little has been published about this subject, 
it is known that time-domain analysis methods are sensible to 
detect structural damages when compared to the frequency-
domain analysis of the EMI method. The efficiency of the 
time-domain method is on the damage detection and not on its 
exact location [17], [18].  Inman et al. [17] used the wavelet 
transform to successfully detect damages, comparing to the 
frequency response of the EMI by using RMSD (root mean 
square deviation) and CCDM (correlation coefficient 
deviation metric) indices. Time-domain analysis is composed 
by the excitation circuit on the PZT/structure, which is 
proposed by [8], and represented in Figure 1.  

In general, damage detection in the time-domain is based 
on the comparison of the electric voltage variations from the 
signals response of the PZT transducers glued on the 
monitored structure. 

Fig.1. Excitation and response circuit of the PZT/structure set  
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In the same way as the frequency analysis by EMI method, 
in the time-domain it is also necessary to compensate the 
effects of temperature, or even keep it constant during 
impedance measurements, avoiding false positive diagnosis 
[17], [19], [20]. 

1.3.  Monitoring of the dressing process 

Monitoring and control systems for machining process 
seek to attend the needs arising from material hard to deal 
with, such as diamonds of the dressers in the dressing 
operation. Indirect methods that depend on the relationship 
between tool condition and measured signals (such as force, 
acoustic emission (AE), vibration, electric current etc) have 
been extensively studied for monitoring of the grinding 
process. 

To monitor dressing operation, it is important to mention 
D’Addona et al. [21] research, which proposed a methodology 
to characterize the wear level of the single-point synthetic 
diamond by using vibration signals and artificial neural 
networks (ANNs). Results showed an efficient method to 
monitor the dressers wear, but the approach was limited at just 
one model composed by two inputs and just two frequency 
bands. Then, the research was expanded in [1], where several 
ANN models were studied, combining from one, two and 
three inputs for seven frequency bands of the vibration 
signals, concluding a wide approach for this subject. 

The RMS statistic, for instance, is used with the time-
domain and has been applied to deal with signals from 
machining processes monitoring [22]. The RMS value xRMS 
from a raw signal x is calculating by using Equation (4) [23]. 

 

 

 
(4) 

 
Where N is the amount of discrete data of the signal x in a 
time interval. 

Results obtained in previous researches about monitoring 
of the dressing process by using both AE and vibration 
signals, for example, and intelligent systems, such as ANN 
and Fuzzy systems, showed a satisfactory classification rate, 
but at high operating cost. Thus, the present work studies 
SHM systems, through time-domain analysis based on EMI 
method, widely used to look for cost reduction and a 
simplified methodology. Experimental procedures are 
described in the next section. 

2. Material and methods 

Experimental dressing tests were performed by using a 
conventional aluminum oxide grinding wheel model 
38A150L6VH, from NORTON, with dimensions of 355,6 x 
25,4 x 127 mm, mounted on a Sulmecânica model RAPH 
1055 surface grinding machine. A single-point dresser of cut 
natural diamond was used for the dressing tests. The wear of 
the diamond was measured at intervals of 100 passes through 
pictures captured by using a digital microscope model 
DIGIMICRO 2.0 from DNT, with zoom in of 20x. The worn 

area of the diamond was measured by using CAD (computer 
aided design) software. Figure 2 presents the materials that 
were used in the experiment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.  Materials used in the test bench: (a) and (b) superior and side views of 
the single-point dresser of natural diamond, respectively; (c) Data acquisition 

system; (d) Dresser and PZT patch placed on the holder. 
 

 Dressing tests were conducted based on researches [1], 
[4] and the diamond was worn until its end life, that is, when 
it was observed its metallic base leaning against the grinding 
wheel surface and generating sparks. The dresser speed was 
kept constant at 3.45 mm/s, the depth of cut was 40 µm, and it 
was not used cutting fluid with the aim of causing a faster 
wear.  
 A low cost piezoelectric patch (PZT) was used as 
transducer, model 7BB-20-6, from MURATA, which was 
built with a circular bronze material of 20 x 0.20 mm 
(diameter x thickness), and a piezoelectric ceramic of 14 x 
0.22 mm (diameter x thickness). As can be seen in Figure 2, 
the patch was fixed on the dresser holder, carried out by using 
a thin layer of cyanoacrylate glue. For the impedance 
measurement, the system proposed by [8] was adopted, which 
presented the circuit that was shown in Figure 1. The data 
acquisition system (DAQ) that was used for this work was 
model NI USB-6221 from National Instruments (Figure 2), 
which has sampling rate of 250 kS/s (kilosamples per second).  
 

 
Fig. 3. Fluxograma do sistema proposto para o monitoramento da operação de 

dressagem  
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The transducer was excited through a resistor of 2.2 kΩ 
(RS in Figure 1) by a chirp signal with magnitude of 1 V. The 
same signal was used for all measurements to guarantee the 
comparison. A mean of 3 repetitions for the impedance 
measurements were conducted to ensure a satisfactory 
accuracy. To detect the structural damages, impedance 
measurements were collected during an interval of 100 
dressing passes, with the aim of identify changes in the 
mechanical impedance of the structure at different damage 
levels. Digital signal processing was performed by using 
MATLAB software on the electric voltage response collected 
from the time-domain. Feature extraction was conducted 
according to the steps presented in Figure 3. 

 To monitor temperature, a digital thermometer model 
MT455 from MINIPA was used, equipped with a 
thermocouple probe type K, which was fixed through a hole 
in the body of the dresser, close to the diamond. The 
temperature adopted as reference for every measurement was 
30° C. 

3. Results and discussion 

Figure 4 presents the voltage signals responses read by 
the DAQ in the time-domain for each dresser diamond 
condition. The first measurement was recorded with the 
diamond integer, that is, with the tool new and before starting 
the dressing experimental tests (without wear). Throughout 
the test, measurements were collected for different damage 
levels, after 100 passes (damage 1), after 200 passes (damage 
2) and 300 passes (damage 3). In Figure 4, it can be observed 
that voltage signals, which were not applied statistics yet, 
presented similar behavior among the three conditions in this 
study. The same happened when RMS was calculated for 
these signals, as presented in Figure 5. The signals presented 
similar behaviors showing a tendency over time, with some 
little variations. However, only a more thorough analysis 
could extract information about the process. 

Figure 6 shows the pictures captured by the microscope in 
the side view of the dressers for the different wear levels 
caused in the dressing experimental tests. It can be observed 
the behavior of the diamond over all the test by means of 
three damage conditions: 100, 200 and 300 dressing passes, 
which were compared to the healthy diamond. As can be seen 
in Figure 6, as dressing process occurs, the diamond wears out 
up to its end of useful life, at 300 dressing passes. From the 
pictures taken by the microscope, by using CAD software, it 
was possible to calculate the diamond worn area over the 
dressing operation. It is possible to observe a tendency 
through linear interpolation, where the worn area 
proportionally increases according to the number of passes. 

From the calculation of the statistics, such as the mean 
value of RMS signals previously showed in Figure 5, 
important information could be extracted about the dressing 
tool condition, as can be seen in Figure 6. These values were 
faced to the results of the dresser diamond wear, with the aim 
of a comparison, as well as to indirectly estimate a behavior 
pattern of the process, besides the monitoring system 
proposed in this paper. By observing the behavior of the RMS 
in Figure 6, it is possible to affirm that voltage signals 
calculated by RMS were effective to detect damages, because 
results showed a visible rising tendency of the magnitude as 
diamond wear occurs. The values could be fit by a straight 
line, which shows linear correlation of the voltage signals in 
time-domain and wear values observed in diamond through 
measurements of the worn area. 

Therefore, it is possible to infer that signals in the time-
domain clearly describe the behavior of the process, 
satisfactorily detecting damage levels of the diamond based 
on the images. In this way, the response signals in the time-
domain calculated for RMS are appropriate to monitor the 
dressing process, because it was possible to estimate the 
diamond wear for different damage levels. From this study, a 
threshold could be defined before any damage occurs, 
ensuring a reliable dressing process. 

 

 

(a)                                                                                                                       (b) 

Fig.4. (a) Voltage signals in time-domain; (b) RMS of the signals in the time-domain  
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Fig. 6. Correlation between worn area of the dresser diamond and RMS of the voltage signals 
 

4. Conclusion 

 This paper presented a new approach to monitor the 
dressing process from the time-domain analysis based on the 
EMI method, commonly used in SHM. By using a low cost 
piezoelectric transducer, of the type PZT, it was possible to 
detect damages that occurred in a natural diamond of a single-
point dresser during experimental tests of the dressing 
process. By calculating the signals with the RMS statistic, it 
was possible to identify a behavior pattern, based on the 
magnitude of the signals, which clearly described the different 
damage levels of the diamond.  
 From this analysis, a magnitude threshold can be defined 
to avoid the diamond from suffering undesirable damages. 
That is useful to prevent that the dressing process continues 
working with a damaged dresser and, consequently, providing 
the correct roughness to the grinding wheel. Thus, a simple 
and economical system could be implemented by using this 
methodology, which would provide an optimized dressing 
operation and, accordingly, in the grinding operation.  
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