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Paulo R. de Aguiar _ _ _ .
aguiarpr@feb.unesp.br This work involved the development of a smart systiedicated to surface burning

detection in the grinding process through constaonitoring of the process by acoustic
emission and electrical power signals. A progranVisual Basic® for Windows® was
developed, which collects the signals through aml@gdigital converter and further

processes them using burning detection algorithireaey known. Three other parameters
are proposed here and a comparative study carried When burning occurs, the newly
developed software program sends a control sigrahing the operator or interrupting

the process, and delivers process information ivéalbhternet. Parallel to this, the user can
also interfere in the process via Internet, chaggparameters and/or monitoring the
grinding process. The findings of a comparativedgtaf the various parameters are also
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discussed here.

internet.

Introduction

The grinding process is the last stage of the nztufing cycle
and therefore represents a high added value irerldeproduct. In
this context, researchers have sought to conteogtinding process
through approaches that qualify and quantify ithfailly. Owing to
the large number of variables involved in the psscahe existing
approaches encompass a limited number of situatiovay of
which are inapplicable in practice.

However, to the new technologies, researchers bege adding
tools that can overcome deficiencies heretoforéicdif to solve.
These new technologies incorporate a great numberdwanced
digital signals processing functions to procesdterfi or alter
characteristics so that information can be idesdifin the process,
thereby enabling transducer signals to be assdciatith the
processing.

Thus, the implementation of superficial burn moriitg
systems in grinding machines may not only imprdwe reliability
of these operations but also increase quality aedliae costs.
However, their implementation is still fraught withifficulties due
to several factors and a lack of well-defined cidgtdor their best
practical application. These obstacles highlighe theed for a
computational tool that can overcome these linuteti

The innovative proposal described here was madsitpesby
associating the parameters developed by other rotsea with
digital signals processing tools.

The objectives of this work are as follows: 1) Diepanent of a
computational software program that can processagand detect
burning in the surface grinding process (on-linel aff-line); 2)
Development of new parameters for burn detectip)efinition of
burn thresholds (Slight, Medium and Severe), coingathe newly
developed parameters with existing ones; and 4)wAllfor
monitoring and process control via the Internet.

Burn Monitoringin Grinding

One of the most common types of thermal damageiirdigg
process is the workpiece burn. This phenomenon besn
investigated recently by several researchers, sftilre is no
measurements methods that allow the on-line mangojWebster
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et al., 1994; Konig, 1993). The industrial usefdsced to rely on
destructive tests of the parts that are gotten fioandom way. This
is time consuming and high cost procedure, coinfliciwith the

current trends of increasing demand by minimum ddsguiar,

2003).

The visible burning in steels is characterized blyish
coloration on the surface of the part, which is tu¢he formation
of oxide layer. This coloration generally is remdvey the “spark-
out” period at the end of the grinding cycle, bhtsteffect is
cosmetic, and the absence of coloration on thengtaurface does
not mean necessarily that the burning of the paitrebt occur
(Malkin, 1989).

Basically, the difficulty in controlling thermal dege in the
grinding process is the lack of a reliable methmg@rovide real-time
feedback during the process. Webster et al. (188djonstrated that
the measurement of acoustic emission signals isiderably more
sensitive to variations in grinding conditions thithe measurement
of force and power, thus offering a more promisiaghnique for
on-line monitoring of the process.

The predominant parameter studied in previous resea using
acoustic emission has been the root mean squareSYRifl the
filtered EA signal (EArms) over a carefully seletfeequency band.
This signal has been a reasonable study paranfietehe grinding
process is very rich in sound waves and so contaigeat deal of
available acoustic information. For this reasond decause of
technological limitations, it has been the focugaflier and current
researches (Saravanapriyan et al., 2001; Pathalrel€t98; Inasaki,
1999; Wang etal., 2001; Soares & Oliveira, 2002).

Aguiar (1997) demonstrated that the RMS acoustitsgon
signal and the -cutting power signal combined camvide
significant parameters for indicating burning o tiwvorkpiece in
surface grinding. This researcher has been ustogfiguration of a
fixed EA sensor coupled close to the workpiece andelectric
power sensor from the grinding wheel starting medomeasure the
cutting force. The combination of these signals fpravided Aguiar
(1997) with a parameter to indicate burning of wwekpiece, which
has been dubbed DPO, and which consists of théamrelhetween
the standard deviation of the RMS acoustic emissignal and the
maximum cutting force per grinding wheel pass. Ezpion (1)
represents the DPO parameter.

DPO = g(EAMax(P) 1)
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Where o(EA) is the Standard deviation from the acousticcquisition channels for storage of the signale,abquisition time,

emission; andMax(P) is the maximum power in the pass.
Although the DPO parameter has proved to be a imglicator
in most of the tests that have been conductedgrmescases it has
not behaved the same way. Aguiar et al. (2002) |dped another
important parameter to detect superficial burning surface
grinding, the FKS parameter. This parameter is utated by
dividing the maximum cutting force per grinding veh@ass by the
product of the skewness and the kurtosis statistials, both
applied to the acoustic emission signal obtainedaich pass of the
grinding wheel. Expression (2) represents the F&i@meter.

Fc( Max)

S= v e @
S(EAK(EA)

Where F

is the skewness of the acoustic emission signahén pass; and
K(EA) is the kurtosis of the acoustic emission signahapass.

The raw acoustic emission signal has also recehtgn
explored in monitoring of the grinding process. fr@cal papers
have shown that the use of signal processing taals neural
networks are efficient in monitoring grinding (Aguj 2003; Wang
et al., 2001; Aguiar etal. (1999); Aguiar etal.02D

Mokbel & Maksoud (2000) stated that the raw accustnission
signal can be a very useful tool for monitoring tdoaditions of the
grinding wheel in the grinding process, and tha& wariations in
acoustic emission amplitude and in surface roughméshin the
frequency spectrum reflect the superficial conditad the grinding
wheel.

Due to the changes that have been occurring insthentific
sector with the introduction of dedicated digit&diral processor
(DSP) and new signal processing routines, the nurobgapers
relating these themes to the grinding process tiemely limited.
When one applies an even more restricted apprsach, as on-line
control of burn detection in surface grinding, reotsingle paper
seems to be available. Thus, the importance of whigk in the
scientific world is undeniable, clearly contribigintoward the
development of innovative research in this area.

Meanwhile, the use of the Internet in manufactuspstems has
become commonplace over the years. Several artide®nstrate
the integration of these systems with the Interadowing for the
creation of simulation, monitoring and control safte. However,
when one restricts one’s search to the grindingess, it is nigh
impossible to find studies using the Internet asmaans of
communication, again illustrating the importancettus work for
the scientific community.

«mag 1S the maximum cutting force in the pas(EA)

M ethodology

For burn detection to be on-line, as we propose,tard taking
specific actions, it was necessary to develop a pedational
software program that could perform such tasks.

Newly Developed Software

The objective of the software developed in Visuaki§® and
called Grinding Analysis is to contribute to the nitoring of
burning in surface grinding. In other words, a to@hich,
associated with other intelligent grinding toolsancadd new
functions to the control process. Figure 1 shovwoak diagram of
the newly developed software.

All the functions for configuring the software, .i.ethe
parameters required for its execution, were implaee in the
“General Configurations” block. The definition ofhe data
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sampling rate, characteristics of the graphs tpresented, database
parameters, etc. are part of this block.

The *“Additional Tools” contain all the algorithmsorf
manipulating and treating the signals. Routinesfiitering, data
acquisition, importation and exportation are inelddn this block.
In this stage, one can transmit and receive daten foutside
programs, adding portability to the tests. The fiomcof the data
acquisition tool incorporated in this block is tapture signals
originating from the acquisition board without gmmpcessing.

The “Off-line Processing” block contains all then@tions for
the analysis and processing of off-line parameteiie
functionalities of this block are extremely variadlowing one to
view the channels and apply the analytical toolegm standard
deviation, variance, FFT — Fast Fourier Transfommximum,
minimum, etc. )(Smith, 1999) to any of the chanmefpped in the
software. This block also includes the off-line atédtion of the
burn parameters, enabling the user to detect tesepain which
burning occurred based on a previously chosen paEEEM
Moreover, the automatic pass detection functiongwaplemented
so that the entire process for calculating burrapaters is done
without the user’s interference.

The “On-line Burn Processing” block encompasses stime
topics as those of the off-line burn processing, the functions
were adjusted to be executed as the process odnoutisis block,
Internet access is available, allowing the usemtmitor and alter
parameters remotely.

The “Database” block contains the library of tektst have been
performed, and allows for inclusions, alteratiomsl a&exclusions.
Access to a remote database is also possible snbiloick. This
database includes characteristics of the grindihgely workpiece,

fluid and control.
Database

General Additional OFF-LINE ON-LINE
Configuration Tools Processing Processing
Genoal Information
Graphical Propertics
Hardware
Database
Advanced
b
Sigoal Filtering.
Drata Import
Drata Export
Data Acquisition
¥
Graphical Editor
Bun Parameier Processing - Off- Line
Automatic Detection of the Grinding Passes
Namial Detection of the Grinding Passes

Bum Monitoring - On-Line
Remote Control via Internet
Avtometic Detection of Grinding Passes - On-Line

Figure 1. Block diagram of the newly developed soft ~ ware.

Implementation of Computational Routines for Datac4uisition

The computational implementation of routines inuzisBasi®
for communication with the National Instruméhtcquisition board
used here consists basically of the developmermtigidrithms that
interface between Visual BaSi@nd the dynamic library (DLL) of
National Instrumenfs This dynamic library contains all the
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routines needed for communication with the acqoisitboard, Through the modules of Acoustic Emission and Eieaitr

allowing for the reading and writing of analogieald digital values Power of the Motor, the signals are captured from gensors and

on the board’s respective output and input posswell as other transported to the National Instruméhtdata acquisition board,

functions that allow for its configuration. where they are converted into digital signals drehtprocessed by
The use of Visual Basfcin this communication eliminated the Grinding Analysis software.

intermediary layers that are normally used by weriprograms and The model of the National Instrumeftsoard is a PCI 6035E,

that cause a significant reduction in the acquisittpeed, besides with 16 analog 16-bit input channels, 2 analogi2-bitput

compromising the precise control of the board.

channels, and 8 digital input and output channihss board was

The National Instrumeritdibrary contains an enormous numberinstalled in a PC AMD XP 1800 microcomputer with8MG of

of functions for communicating with the data acgigs board.
However, only a few of these functions proved geafieful for data
acquisition.

Computational Routines for Remote Access in Visiasic®

To access the Internet with Visual B&sicone must first
develop an application that will communicate witke ttransport
layer of the TCP/IP. The transport layer consi$tsvo fundamental
protocols: the UDP (User Datagram Protocol) and WeP
(Transmission Control Protocol).

In fact, it has been decided to create an appdicaif the client-

RAM memory. The sampling rate used in the tests W@&®00
samples per second.

To measure the electrical power of the 7.5 horsegpdhree-
phase induction motor that activates the grindingeel's drive
shaft, a module was used containing a Hall Effenser, model SA-
20S, and a piezoelectric transducer, model LV25H®th
manufactured by LEM Components.

The acoustic emission generated in grinding wassored with
a piezoelectric sensor, from Sensis, coupled tostigport beside
the workpiece to ensure the acquisition of sigfrals of undesirable
noise. This sensor is then connected to a sigmalitoner module,
model BM12, also from Sensis, that calculates tiMSRvalue of

server type in Visual Basic for it is considered safer and morethis signal (with a 1ms integration time). This atahted RMS

versatile for this case. Therefore, in this work Window€ socket
resources have been used, which offer ActiveX abffibr this type
of functionality, called Winsock (or socket for Wows). The
Visual Basi€ application should therefore work as a servefiient
application.

The TCP protocol was chosen in this work, becaueéférs its
own resources for treating errors and controllimgwf without
requiring any additional code. However, the packatieat pass
through the network should always arrive, for iff atelay occurs, it
will be passed on to the system, which needs albthcks to set up
the information again.

A proprietary protocol was developed to make ffidilt to
invade the system, which will become a remote sef(server
application) available to users worldwide. This tpoml was
implemented under the Winsock control, validatingens and
checking if the connection should be maintainedhat; depending
on the degree of reliability established betwedéentland server. In
other words, all the data entering through thercbrtre checked to
assess the reliability of their generating souirt). Currently,
the method most commonly employed in communicatidasthe
Internet is the one that uses cryptographic keyshis work, part of
the protocol that uses cryptography (encoding datahat it can
only be decoded by specific individuals) was impteted.

Although client-server communication allows seve@nts to
connect to the server simultaneously, it has bemiddd that this
remote access system will allow only one conneckiecause, for
the data to be sent via the Internet as the grindiocess is taking

place, the time it takes to capture and send tteerdast be as short

as possible. If simultaneous connections with wariolients were
permitted, this might cause delays in processingelti thus
compromising the on-line burn detection.

Experimental Setup

Figure 2 illustrates the experimental setup useddsting this
work. It can be seen in this figure that an indwetnotor, which is
fed by a frequency converter, drives the grindirigeel; an electric
power transducer is used to measure the cuttingepoa fixed
acoustic emission sensor is place close to the pigek and then
amplified accordingly. The electric power and atwmugmission
signals are connected to a BNC connector blockchwvis wired to,
the data acquisition board inside the personal coengPC).

J. of the Braz. Soc. of Mech. Sci. & Eng.
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signal is passed on to the data acquisition board.

= PC

Frequency

Electric

LA
BNE connector

Block"\

Acoustic Emission
Amplifier

Figure 2. Experimental setup.

An important point, which was considered to rem@instant in
order not to vary the amplitude of the acousticssion signal, is
the position of the piezoelectric sensor fixed otite workpiece
support, as illustrate in Figure 3.

Figure 3. Piezoelectric sensor positioning.
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The steel used for the test specimens (workpiegas) ABNT
1045 (ABNT stands for Brazilian Association for Theeal
Standards), which was tempered to increase itskasdto 32 HRC.

Fabio R. L. Dotto et al

)

EA®)
EAMAX

DAREA= (zT POT(i)jIET[ 4)

The workpieces used in this work were rectangutisnpshaped

with dimensions of 98.65 mm length, 48.79 mm heigid 8.67 mm wherei is the index that varies from 1 uprtopoints in each pasm
width. An aluminum oxide NORTON model AA46M6V grimgj  is the number of points in the paBT(i) is the instant value of the
wheel was used. The grinding machine used for sairfginding power; EA(i) is the instant value of the RMS Acoustic Emission
was a model 1055E manufactured by SULMECANICA. Arsignal; andEAMAX is the maximum value of the RMS Acoustic
emulsion-type (5% concentration) cutting fluid wesed in the tests, Emission signal in the pass.

and a flease-type dresser was used in the dresgargtions.

Four test specimens (workpieces) were used dufiegtésts.
The cutting depth was increased every 2 to 3 paggdesce burning
in the tests and thus obtain the respective buastiolds for each of
the parameters under study.

After a grinding process had started, it was omigesl when
severe burning occurred or when a given numbeas$¢s had been
made (26th pass). Whichever of the two occurrest finused the
end of testing on the workpiece.

The characterization and classification of burnsrewdone
visually during the machining. According to the arhg of the
workpieces after each pass of the grinding machhee surface of
the workpiece was classified as no burn, slightdioma or severe
burn. Table 1 shows photographs of samples of icg@btained in
the tests.

Table 1. Color patterns utilized for burn classific ~ ation.

Severe Burn

ERGES Sy

Slight Burn

No Burn

New Parametersfor Burn Detection in Surface Grinding

The methodology employed in this work enabled udiscover
other parameters that offer better results in ssitoations, or even
contribute to confirm the occurrence of burningcases where the
known parameters cause doubts.

DPK S Parameter

The DPKS is calculated by multiplying the standaegtiation of
acoustic emission by the sum of the power subtla@tem its
standard deviation elevated to the fourth powee &hkpression (3)
represents the DPKS parameter.

DPKS= (ig(POT(i) —J(POT))“)* gEA (3

wherej is the power index which varies from 1 upntopoints in
each pass; m is the number of points in the pBEXI(i) is the
instant value of the powes(POT)is the standard deviation of the
power in the pass; ang(EA) is the standard deviation of the RMS
Acoustic Emission in the pass.

DAREA Parameter

The DAREA parameter is calculated by the sum of gheer
signal elevated by the sum of the normalized RMSoustic
Emission signal. Expression (4) represents the DAR&ameter.
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DIFP Parameter

The method of extraction of passes from the pougras was
used to supply data for the calculation of this riewn parameter.
Figure 4 shows the automatic pass definition imaeqr signal.

During the extraction of passes, triangles aretedethat define
the region of valid passes. In Figure 4, note théngle formed by
the vertices 0, | and II.

The DIFP parameter actually uses the increasiraigstr line
generated in the pass detection as a variatiorficieet. The sine of
the alpha angleaj is calculated and multiplied by the average
acoustic emission and then multiplied by the maximpower times
one hundred. Expression (5) represents the DIF&hpeter.

DIFP =100sin(@).MAXPOTMEAN(EA) (5)
where, sing) is the sine of the angle formed between the asing
straight line present in the pass extraction of plogver signal;
MAXPOT is the maximum power in the pass; and MEAN)Es
the average of the Acoustic Emission signal inpthes.

0

IT

Figure 4. Algorithm of Pass Extraction in the Power

signal.

Results and Discussion

Next, the results from the tests as well as theadigrocessing
of the acoustic emission and electrical power Wwél shown and
discussed. The Internet access which was implemiemethe
developed software will be presented.

Tests Results

Table 2 shows the results obtained visually dutfreggrinding
process for each of the four-machined workpieceBNA 1045
steel).

After the grinding process had started, it was ariged when
severe burn occurred or when a given number ofegasad been
achieved (26 passes). Whichever the two occurrst daused the
end of the test for that workpiece. However, thekp®ce # 1 was

ABCM
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not considered in this criterion on purpose, tisatwithout severe characterize the burn exactly according to one radsé three

burn on it in order to have it as a reference dytire analysis. categories. Therefore, we have used the prefixast to represent
The definition of slight, medium and severe burrovedd intermediary situations.

variations during the tests, and it was sometinmpossible to

Table 2. History of the grinding passes for the gro und workpieces— ABNT 1045 steel — NB = No Burn, SLB  =Slight Burn; MB=Medium Burn; SV=Severe
Burn.

Passes 1 2 2 4 5 6 7 8 9 10 11 12 13

Part 1 NB NB NB NB NB NB NB NB NB NB NB NB NB
Part 2 NB NB NB NB NB NB NB NB NB NB NB NB NB
Part 3 NB NB NB NB NB NB NB NB NB NB NB NB NB
Part 4 NB NB NB NB NB NB NB NB NB NB NB SLB SLB

Passes 14 15 16 17 18 19 20 21 22 23 24 25 26
Part 1 NB NB SLB SLB MB MB

Part 2 NB NB NB NB NB MB MB MB MB SB

Part 3 NB NB NB MB MB+ SB

Part 4 SLB+ SLB SLB+ SLB+ SLB+ MB- MB- MB MB MB- MB MB MB+

The acoustic emission and the electric power siggas shown (acoustic emission in the upper graph; electricalgr in the center
in Figure 5 for just one grinding pass in orderiltostrate more graph; and burn parameter in the lower graph).
clearly the shape of each signal collected inwask. It can be seen

in Figure 5(a) a great variation of the acoustigssion during the ot
grinding pass followed by a period of time call@duk-out in which !
the grinding wheel is not fed downward into the kygoece but just

touch it instead. The electric power signal for randjng pass is J | \ H H H H H I‘ I H H H ‘
shown in Figure 5(b) where it can be observed litaps well- e e e e e e o ol e

behaved and predictable. MJ\J
. . VISR TR IR I TN TR TR T i1

Figure 6. Processing of the DPO Parameter for Workp  iece 2.
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L 1= o e et i

o | | /'\‘ | | 7 .J......._-_.. o
osp - oo e ioe e e Ay U\

Figure 5. Signals collected in the tests — (a) Acou  stic emission; (b) Electric
power. The abscissa corresponds the # of samples an  d the y-axis the
level in Volts.

Figure 7. Processing of the FKS Parameter for Workp iece 2.
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|

T
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Signal Processing

Figures 6 to 10 illustrate the processing of eathhe burn J' H Il H I H H H || H
parameters only for workpiece # 2, since it chadnts well the PO =
main types of burn that occurred. The upper grapkach figure

represents the RMS acoustic emission signal duhiegest, while i MM
the power signal is represented by the graph incémter, and the A KA AR AL MMMLLMMM_MM ; d’L
detection parameter under analysis is located éndtver graph of ’

each figure. The axis of the abscissas in the grappresents the !

grinding wheel passes during the test, while thés af the
coordinates indicates the amplitude of the cormedpm signal

Figure 8. Processing of the DPKS Parameter for Work  piece 2.
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Note that almost all the parameters presented gesdlts in
identifying the burn, with the exception of FKS, ialn shows a
certain imprecision regarding the definition ofadesburn threshold,
as indicated in Figures 7.

Also note that the DPKS and DAREA parameters irufgg
and 10 did a good job of identifying the beginnengd end of the
burn, the former effectively identifying slight ming and the latter
identifying severe burning. These parameters detraiesthat, in
each pass, there was in fact a beginning of tha,bunose levels
varied significantly.

Based on these results, it has been possible tnedéfe burn
thresholds under the machining conditions descrédzetier. Table 3
summarizes all the results obtained with the d&édini of burn
thresholds for each parameter.

=lolx]

. Signal Processing
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Figure 9. Processing of the DAREA Parameter for Wor  kpiece 2.
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Figure 10. Processing of the DIFP Parameter for Wor  kpiece 2.
Table 3. Definition of the Burn Thresholds.
DPO DIFP FKS DPKS DAREA
Severe Burn >0,99 >4,09 ND* - detected
Medium Burn  >0,81 >1,90 ND* - -
Slight Burn >0,61 >0,90 ND* detected -

*ND — The parameter did not detect the burn

Table 3 was drawn up taking into account the woest, i.e.,
starting from the defined threshold, the probapitit the occurrence
of burning is great. The DIFP parameter clearlyspneéed a much
greater variation than the DPO, and it can be e€fiim other tests to
present even more precise results. The FKS parandéte not
succeed in reliably detecting burning in any of ttases, so no
threshold could be defined.

The DPKS and DAREA parameters successfully detetited
burn situations, providing excellent results. DPKS,example, got
the onset of burning correctly in almost every caggile DAREA
righteously identified the situation of severe bogin every case.
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Internet Results

It is necessary the development of a server andnicli
applications in order to establish a server-clieammunication.
Thus, the implementation of routines for remoteessdn the newly
software was carried out after a detailed studye ©hline data
processing window is shown in Figure 11.

. Processing Data On-Line =01 x|
Start Shop G e
m E = Update HTTP Server
Enable Remate Contral Server
Acoustic Emission S coynge 10) jé [~ Save this channel
Electric Power of Grinding Wheel: ha -9 ™ Save this channel
Burning Parameter: DFD -
Adiust Or-Line Parameters
Burning Alarm: Send to Output! -
I Passes : 20 Scale Min: 0 Scale Max: 100

Figure 11. Processing Data On-Line Windows for Remo  te Access.

The “Net” button in this window is visible only whehere is an
active network communication. Clicking on this lomtta menu will
be displayed referred here as to Internet Menu biclwall the
options needed to activate the remote access ailatale. There are
three options: “Update HTTP Server”, “Enable Rem@entrol
Server” and “Settings” (HTTP stands for HyperTextarsfer
Protocol). The first and second options of this meray be selected
or deselected with the mouse, activating or deatitiy each
resource. The option “Update HTTP Server” is a vietgresting
option, which allows the users connected to therirgt through
their browsers (Internet ExploférNetscap etc) to visualize the
process running.

A copy of the bar graph image is updated, in eatidong pass,
in the remote HTTP server previously configuredu3has the
grinding passes are taking place, a new graph dseql into a
specific folder of this HTTP server, allowing itswalization in any
browser. When the option “Enable Remote Controlv&&ris
selected, resources are allocated and a serveefsgplication) for
remote access is initialized in the software. Hetloe visualization
of the grinding process as well as altering the@ss parameters is
possible through the remote control software.

If the option “Settings” is selected, the windowews in Figure
12 will be presented.

Local Port: |155—
Username: IMaster—
Password: |>¢¢¢<>¢<><

Folder of the HTTP Server :
|#dladssites

Save Results as :

|detaul

Figure 12. Internet Settings Window.
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The fields “Local Port”, “Username” and “Passwordie
utilized to define in which port the client applicam must be
connected, and what the user name and password fealithe
communication. It can be noted that neither theliplkey nor the
private key can be altered or redefined by the.uBeese fields are
concerned to the remote server settings and tteegrdy valid when
the option “Enable Remote Control Server” is seldct

The options “Folder of the HTTP Server” and “Sawes#&ts as”
are useful when the option “Update HTTP ServerSatected. By
these two options it is possible to set the foldbere the windows
that contains the burn parameter while the proisessining will be
saved. The mentioned folder must be shared in gteank and
mapped through an HTTP server with an adequatedbgiame. A
web page with extension “.htm” must be createdroheoto allow
the browser to load the image saved by the softwBhne image
name can be defined in the field “Save Resultsaas!'it will be the
extension “.jpg” as default.

The Remote Control software was developed to beirueny
computer with Internet access, for its goal is tovaan operator
distant from the grinding process being able taalige its status,
checking up the occurrence or not of burn or evikeriag the
parameters when needed. Figure 13 shows the logtkeoRemote
Control Software developed.

I
Remate
i 3 DFO 2
Burning Parameter: Change Perameters
Burning Alarm: Send ta Output! -
Burning Threshold: 48,57 (B P
Passes : 20 Scale Min: 0 Scale Max: 100

Figure 13. Remote Control Software.

Almost the same parameters of the Processing Dathi2
Window can be observed in Figure 13. This is beealus objective
is to offer to the remote user the same imageslajisd in the
process control.

In Figure 14, the field “Burning Parameter” allows user to
modify the burn parameter remotely. The field “Bamg Alarm”
enables the operator to change the way by whictsdftevare will
send an alarm signalizing that workpiece burn tplace. Simply
simply replacing the new value in the field “Burgithreshold” can
change the burn threshold.

There are two buttons in this software that hasiap&inctions.
The button “Get Parameters” makes possible to @palabptions of
the main window in order to have the same valugb@fProcessing
Data On-Line Window. This is necessary for the psg of
checking if all the data was in fact changed, ftraasmission error
may occur and then compromise the operator comnthat is
remotely actuating the system.

The button “Change Parameters” is very importacthbse it is
actually responsible to alter the grinding procdss,there is no
command sent to the server application when itas selected.
Thus, this button has to be pressed whenever chargecarried out
in order to send them to the server that will allee grinding
parameters instantaneously.

The grey window in the middle of the software maindow is
a region designated to display the online graphiet, is, while the
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process is running a bar graph is generated to shevincrease or
decrease of the parameter values considered. Sastr is able to
exactly see what is going on in the process.

The Fields “Passes”, “Scale Min” and “Scale Max2 axactly
the same to which contained on the Processing Oatéine with
their identical functions. Despite being below graphical window,
they can be changed like the other fields and tbhbaeges are also
passed on to the Grinding Analysis Software when “@hange
Parameters” button is pressed.

The upper menu referred as to “Remote” has twoouopti
“Connect”, which initializes the communication pess with the
server; and “Settings” that allows the alteratibthe parameters for
connecting with the server. Figure 14 shows thérgst Windows.

Remote Address:  [127.0.01
Remote Port: {155
Username: M aster
Password: e

LCancel |

Figure 14. Settings Windows of the Remote Control S

oftware.

In Figure 14, the parameters for connecting with $brver can
be clearly noted. The field “Remote Address” isatetl to the IP of
the computer in which the server application is\geun. The client
software to locate the server application in thisvoek utilizes this
address, and it should be previously known in otdegstablish the
communication.

The “Remote Port” is a parameter that depends ens#rver
application as well, for it keeps on running atéis at a specific
port in order to verify whether a client wish to tennected. Hence,
this parameter must also previously be obtainedrmatite same way
as the server application.

The fields “Username” and “Password” are aimedadidating
the operator during a request of connection tcstreer application.
These values are compared with those establish#teiserver and
in case of they are not the same, the connectigmstantaneously
interrupted. These two fields are utilized to guéea the minimum
safety at the beginning of the communication.

Besides the name and password, there still exibes t
cryptography process of the data to assure moretysafi the
process.

Both server and client applications were testedyntanes in
the Sao Paulo State University Network, where théne process
could be monitored as well as the parameters cldanfee tests
have shown very good performance of the softwaveldped.

Conclusions

The new software program displayed an excellerfopeance;
however, it should be noted that its good perforreadepends on
the use of correct burn parameters, for the ingpate use of such
parameters may impair the performance of the gnmgrocess.

Records can be included in the new software’s daelguring
testing, allowing the generation of a general récof machining
conditions associated with a given burn parameter.
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As intended, monitoring and parameter changes «am Iloe
done by remote access. No problems were encounigtiedegard
to communication, for, as discussed earlier hettbim,TCP protocol
of the transport layer ensures error-free commtioics via the
Internet.

All the parameters proved satisfactory except fBSFwhich
failed in every analysis. However, it is importdatpoint out the
excellent efficiency of both the DPO and the DIF&agmeters,
which may be applied in practical situations.

Therefore, it is reasonable to state that the petens can be
used jointly to offer more precise results, theretwiding hasty
decisions.

Other studies are being conducted with differentenms, and
other monitoring modules to be added to the softwane being
developed, such as dressing control and contaettiten.
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