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The computer development aided research systems in the investigations of the characteristics of the surface
layer forms conditions for decreasing of the measuring uncertainty. Especidlly important is the fact that the usage of
open and self made measuring systems accomplishes the demands for a total control of the research process. This pa-
per describes an original personal computer interface which is used in the newly built computer aided research system
for temperature measuring in the machining with turning. This interface consists of optically-coupled linear isolation
amplifier and an analog to digital (A/D) converter. It is designed for measuring of the thermo-voltage that is gener-
ated from the natural thermocouple workpiece-cutting tool. That is achieved by digitalizing the value of the thermo-
voltage in data which is transmitted to the personal computer. The interface realizdtion is a result of the research ac-
tivity of the Faculty of Mechanical Engineering and the Faculty of Electrical Engineering in Skopje.
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1. INTRODUCTION

The process of machining with turning is the
most widely used in the machining processes by
removing material. Usually, the constitution of the
surface layer during this kind of machining is not
guided properly as a result of not having enough
knowledge for the physical phenomenon in the
cutting zone. The demands for a high quality and
productivity require machining process to come up
with final products which have defined characteris-
tics (known tribology characteristics, surface ton-
nage, determined quantity of oil which stays in the
microfringe on the surface layer etc.) [K1]. The
determination of the optimal characteristics for
machining is the basic need for accomplishment of
the specified demands. This may be done with
mathematical modelling, but it is very difficult to
take in consideration all the factors which affect
the process, because of the process complexity.
The more appropriate way for researching the

physical phenomenon in the cutting zone is to use
the experimental approach. The methods which are
used during these researches have to fulfill certain
demands. The high speed machining enabled by
new metal cutting machines and new cutting mate-
rials requires usage of technique for fast conduct-
ing of the experiments, precise measuring of the
values, fast and reliable acquisition of the experi-
mental data, collecting large amount of measuring
values in short intervals, fast data processing etc,
This is essential for the required accuracy the ob-
served experiment to be described. To achieve
these criteria of the applied methods is possible
only with usage of computer aided systems for
identification of the phenomenon in our interest.
Energetic transformations during machining in the
cutting zone release a significant thermal energy.
Unacceptable effects in the surface layer could oc-
cur during big contact temperatures, which are re-
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sults of the generated thermal energy. That could
decrease the positive tribology characteristics of
the surface Jayer. The knowledge of this tempera-
ture is important with the fact that the temperature
has direct influence on the value of the cutting
forces and abrasive wear of the cutting tool. The
conclusion is that during the investigation of this
process, simultaneous identification of the tem-
perature and the cutting forces is necessary. This
provides correct conclusions about the process to
be derived. The knowledge about the cutting proc-
ess is very important from the construction and
design of the cutting tool point of view, defining
the process regime, predicting of the process er-
rors, etc.

The need for design and construction of comn-
puter interfaces which are the link between the
computer and the investigated process are arisen
from all these statements. The interfaces for tem-
perature measuring are usually divided in two
parts. The carrier of the process signal might be of
vanious medium. The first part is always desig-
nated for transformation of the process signal to
electric analog signal which corresponds to the
domain of the second part, The second part is al-
ways an A/D converter.

For example, the temperature measuring in
the dry grinding process [J1] uses the infrared ra-
diation as a basic index for the temperature value.
In this case the first part of the interface is an am-
plifier and a converter of the infrared rays. The
second part is the A/D converter.

Thermocouples which are inserted in the
workpiece for temperature measuring are another
similar example. Amplifier for the generated
thermo-voltage is used in the first part of the inter-
face. The second part is again the A/D converter
[B1].

The presented designs of the interfaces de-
pend on the chosen measurement method. All the
methods have advantages and disadvantages. For
measuring of the mean temperature in the machin-
ing with turning, the mostly used method is the
method of natural thermocouple. A disadvantage
of this method is the necessity for determination of
the thermo-electric characteristics for each work-
piece-cutting tool couple.

A personal computer interface which uses this
method is created as a part of the newly built com-
puter aided research stand for temperature measur-
ing in the machining with turning on the Faculty of
Mechanical Engineering in Skopje [N1].

2. DESCRIPTION OF THE INTERFACE FOR TEMPERATURE MEASURING
IN THE MACHINING PROCESS WITH TURNING

Figure 1 demonstrates the principle block
diagram of the newly designed personal computer

interface for temperature measuring in the machin-
ing process with turning,
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Fig. 1. Principle block diagram of the personal computer interface for temperature measuring in the machining process with turning

The interface consists of an amplifier of the
signals and microcontroller with an A/D converter,
The amplifier has three roles as a part of the inter-
face. At first, to amplify the thermo-voltage that is
generated by the natural thermocouple workpiece-
cutting tool to the required level. That means that

the signal after amplifying complies with the do-
main of the A/D converter. The second role of the
amplifier is galvanic separation of the thermocou-
ple electric circuit from the A/D converter and the
personal computer. The role of this galvanic sepa-
ration is protection from eventual current pulses
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that could damage this part of the measuring sys-
tem. The third role is removing the influence of the
electrical circuit consisting of the A/D converter
and personal computer to the electrical circuit with
the thermocouples. The basic component of the
amplifier is the integrated circuit ISO 100 (Fig. 2)
(D2].

Figure 3 shows the electrical connecting
scheme for the amplifier and the thermocouple.
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The required amplifying is given with the ratio
Re/Rs. The analysis of the highest value of the
thermo-voltage defines the amplifying, taking in
consideration that the highest value which could be
digitalized by the A/D converter is 5 Volts.

The integrated circuit ISO 100 consists of a
primary and a secondary amplifier. Figure 3 also
shows the system for power supply which generates
two galvanic isolated symmetrical power supplies
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Fig. 2, Integrated cireuit ISO 100
a) Functional diagram of the aptically coupled isolation amplifier with photo-transmitting and photo-receiving diode;
b) Integrated circuit ISO 100 shape; c) IC's pins
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Fig. 3. Electrical scheme of the thermo-voltage amplifier
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+V and -V as primary and secondary voltage sup-
ply for the amplifier. The optical leash divides the
measuring system in two parts (electrical circuits).
The first part, primary electrical circuit, consists of
the natural thermocouple and the primary ampli-
fier. The second part, secondary electrical circuit,
consists of the secondary amplifier, the microcon-
troller with the A/D converter and the personal
computer. The interface configuration could be
more complex if the configuration has an inde-
pendent A/D converter. Because of that, it was de-
cided tw use the Microchip's microcontroller
PIC16F877 (Fig. 4) [W1].
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Fig. 4. Microcontroller PIC16F877

This microcontroller is a new generation of
Microchip’s microcontroliers and it has 10-bit
build in A/D converter. It has an option for defin-
ing intern or extern voltage references and it is
possible to make 8-channel digitalization [D1]. For
10-bit conversion it uses 12 clock-periods for con-
version with time interval shorter then 1,6 us. and
that is 20 ps total time for the conversion. In real
conditions this time is a little longer, because of the
additional time necessary for selection of the chan-
nel, determining the end of conversion, adding
control bits for the channel and working with low
and high byte, etc.

The maximum frequency of the clock genera-
tor is 20 MHz. That means that the microcontroller

provides 50000 conversions in second. The nature
of our research imposes necessity of couple of

samples per turn of the workpiece. For the maxi-
mum speed of 2000 turns per minute and 5 sam-
ples per turn, the system should make conversion
and acquisition of 2000-5/60 samples. That is 167
samples, which is under the possibilities of the
chosen system. The microcontroller consists of a
build-in module for serial synchronous and asyn-
chronous full duplex communication which is
called USART (Universal Synchronous Asynchro-
nous Receiver Transmitter), The communication
speed is very easy adaptable. It was decided that
115200 bps is the most convenient communication
speed, because it allows transfer of maximum data
samples through the communication line. The
communication protocol that was chosen is 8 data
bits, start and stop bit. and frequency of the clock
generator of 20 MHz. Taking in consideration that
one temperature sample is 2-8 = 16 bits, using this
protocol we can send, in "real time", 115200/16 =
7200 samples per second. That is 10 times faster
than we need while using four channels at the same
time. This way of sending data to the personal
computer avoids temporary saving of the data in
the microcontroller's system and provides the data
flow to be in "real time". In the process of design-
ing the A/D converter we were using the design
and simulation software Proteus 6.3 Demo. This
software has a library of analog and digital compo-
nents including microcontrollers, virtual terminals,
signal generators, measuring instruments, oscillo-
scopes, logic analyzers, generators etc, (Fig. 5).
The user friendly screen interface provides
easy and fast design and simulation of the A/D
converter's construction. The microcontroller in the
simulation performs a function that is given with
the microcontroller's software. The connection of
the microcontroller and the certain program can be
done with a simple browse option. The simulation
offers options for debugging and tracing of even-
tual logic errors, execution of the microcontrollers
program "step by step", preview of the values of
the microcontroller's variables in "real time" etc.
However, the Proteus 6.3 library does not have the
component ISO 100. Time programmable voltage
generator was used instead of the amplifier's circuit
which couldn't be simulated. This substitution
completely satisfied the testing. Specific and espe-
cially convenient role in the simulation and the
testing is the option virtual terminal. This option
manages simulation of the serial communication.
The role of the computer in the simulation
was simulated using this option. Special attention has
to be given to the option of connecting the simula-
tion with the real RS232 interface of the computer.
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Fig. 5. Proteus 6.3 Demo window

This option gives the opportunity to test the real
output/input using one personal computer for simu-
lation of the A/D converter and another personal
computer like a simulated interface user. The usage
of two computers for the previous test could be
avoided with application of a special software for
software interconnection of two serial ports on the
personal computer. For that purpose we were using

the software package Virtual Serial Ports Driver
XP4 (Fig. 6).
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Fig, 6. Virtual Serial Ports Driver XP4 application window
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The function of the microcontroller is directed
by a program which can be written in different
languages for microcontrollers. Example of an edi-
tor and C-compiler is given in Figure 7.

The compiled program in HEX-code was
saved in the microcontroller’s memory by the given
programmer for microcontrollers (Fig. 8b) [W4]. The
software IC-Prog 1.0, which supports the given pro-
grammer, was used for this procedure (Fig. 8a) [W3].
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Figure 9 shows the electrical circuit of the
A/D converter and its connection to the serial
RS232 interface [W2]. The microcontroller's

for the microcontroller's voltage level adaptation to
the RS232 interface's voltage level. For example,
the logic "0" on the RS 232 interface with voltage

power supply is 5 Volts DC. Pins RC7 and RC6
from the microcontroller's USART are connected
to the IC MAX232. The IC MAX232 is necessary

levels from +3 to 12 Volts defers from the logic
"0" on the microcontroller's USART which is volt-
age level of 0 Volts.
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Fig. 9. Electric circuit-connection between the microcontroller PIC16F877 and RS232 interface
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The three port E bits, REO-RE2 are connected

to the switches whose role is choosing low or high
level to these bits. The specific combination ad-
justs the communication speed with the RS$232
interface. The clock generator is completed by
connecting a quartz crystal and capacitors on the

~ pins OSC1 and OSC2. With P1 the mentioned op-

tion of simulation's software connection is marked
to the real RS232 interface.

Figure 10 shows the realized described inter-
face.

Fig. 10. Appearance of the realized interface for temperature measuring in the machining process with turning

3. TEST AND VERIFICATION OF THE INTERFACE FUNCTIONALITY

The test and verification of the interface func-

done with signals from the signal generator which
are passed trough the amplifier. A two channeled

| oscilloscope was used for measuring the input and

joutput of the amplifier in the time domain. The

conclusion is that the amplifier amplifies the input
signal adequately to the defined amplifying coeffi-
Cient. The nonlinearity of 0,01% corresponds to the
data from the IC's datasheet and doesn't have sig-
nificant influence to the signal dispersion.

36. 7p. Mauw. pax. — Ckonje, 23, 2, 6574 (2004)

The second step was testing the A/D con-
verter with input periodical signals with different
frequencies and wave forms (Fig. 11). The results
of these test corresponded to the input signal.

The last step is testing the process that meas-
ures the generated thermo-voltage by the natural
thermocouple. Figure 12 shows the signal shape
that was obtained with measurements during the
machining process with turning [N1]. The parame-
ters of the machining were identical as the parame-
ters of the experimental process in the [TMA,
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Wroclaw Polytechnic, Poland [K2]. The results can tween them is only 1%. That confirms that the
be called repeatable because the difference be- tested measuring system gives reliable results.
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4. CONCLUSION

The results of the testing and the verification
confirm the successful design of the computer in-
terface. The usage of the integrated circuit ISO100
in order to amplify the signal was a good choice
because it showed adequate characteristics for the
specific requirements of the amplifier. The small
nonlinearity given in the datasheet during the test-
ing was confirmed and that makes the measuring
system resistible to dispersion of the results. The
possibility for definition of the amplifying coeffi-
cient with the use of the provided external compo-
nents easily fits in the designed interface.

The deployment of the Microchip's microcon-
troller PIC16F877 like a "brain” of the interface
simplified the configuration, because it integrates
the main function: A/D conversion, and the com-
munication interface. The microcontroller is easily
programmable, as well as the use of the software
for design of electrical circuits. The software pack-
age Proteus 6.3 Demo showed high professional
characteristics while offering the needed possibilities.

The designed interface provides successful
employment of computer aided research activities
for temperature measuring in the process of ma-
chining with turning.
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| Te Ha NOBPLUMHCKHOT CNTOj KOHCTHTYHPAH BO 0OpaboTku-

36, 1p. Matw. dak. — Cxonje, 23, 2, 45-74 (2004)

TE CO CHMHYBAME HA MaTepujan BO [JeloT Ha eKCIepii-
MEHTANHHTE HCTPAXYBAMBA Ha chaauyxuTe nojasy (or-

NOPH H TEMMTEPATYPA BO NpouecoT Ha pexelbe) cosjasa



74 N. Trajéevski, V. Filiposki, M. Kuzinovski

YCIOBM 3@ HaManlyBawe Ha HHTEpPRanoT Ha MepHaTa Heoa-
PEAEHOCT Ha JOGHEHNTE PE3YATATH O MIBEIEHHUTE HC-
TpaxyBard. Ocobeno e Baxen hakToT WTo npu ynoTpe-
Ga Ha OTBOPEHH, N0 MOXKHOCT CONCTBEHN MEPHH CHCTEMH,
CC HCAOJNYBa YCAOBOT 3@ UEJIOCHO BIIAUEEHe co HCTpa-
KYBAUKHOT npouec. Bo 0BOj Tpyn e omuan opurnnanen
unTepdejc 3a nepcoHanen KOMIMjyTep Koj ce KOPHCTH BO
HOBOCO3AAXEHUOT KOMITYTCPCKH MOMIPAKAH MCTPAKRYBaY-
KH CHCTEM 33 MEDEREC HA TEMNEPaTypa BO TIPOLECOT Ha
pexere npi oGpaborka co crpyxeme. Mutepdejcor e

COCTaBEH Of ONTOKAIUIEPCKH ONBOCH JWHEApeH 3acHiy-
BaY ¥ aHa’iorHo AHTHMTAleH npeTmropyBay. HeropaTa Ha-
MEHA € Mepeie Ha TEPMOENeKTPOMOTOpHATA Ciia
(TEMC) resepupana of NPHPOGHHOT TEPMOENEMEHT
00paboTyBaH NpeMET ~ PE3aUKK aNar, T.e. NPeTBOpathe
Ha rofieMunaTa Ha TEMC BO IMTHTANHM NOJATOLH KOH c&
NPEeHdBAaT Ha NEPCOHANHMOT KOMIJYTEpP 3a TNO0HaTa-
MOLIHO TIpolecupatbe. Msseibara Ha unTepthejcoT € pe-
3VATAT Ha 3aegHUYUKAETA HCTPAXKYBAYKA AKTUBHOCT Ha
Martsckior n EnekTpoTexsHikaoT (hakynTeT Bo Cromje.

Proc. Fuc. Mech. Eng. - Skopje. 23, 2. 65-74 (2004)

1

L]

L ]

In.



UDC 621 7 CODEN: ZTFSEH

MIZ

MALUMNHCKUA
OAKVYIITET
CKONJE

THE FACULTY
OF MECHANICAL
ENGINEERING
SKOPJE

ISSN 0351 - 6067

23/2

3bOPHUK HA TPYI0OBHA

PROCEEDINGS

23 Ckonje, 2004

bp. 2

FoguHa 36 TP Maw. dax. - Ckonje, roa. 23, 6p. 2, cTp. 49-98 (2004)

Vol. Proc. Fac. Mech. Eng. - Skopje, Vol. 23, No. 2, pp. 49-98 (2004)



co

Rec
36. Tp. Maw. thak. — Ckonje loa4. Bpoj cTp. Ckonje Acc
Proc. Fac. Mech. Eng. — Skopje | Vol. No. pp. Skopje
3BOPHUK HA TPYL1OBMU
PROCEEDINGS
Na3pasa
MawwuHcku tbakynTeT, YHusepautet ,,Ce. Kupun u Metoguj“, Ckonje, P. MakenoHuja
. Published by
Faculty of Mechanical Engineering, Ss Cyril and Methodius University, Skopje, R. Macedonia
Wanerysa gea natu roguwHo — Published twice yearly
YPEOYBAYKW O4BEOP EDITORIAL BOARD
OprosopeH ypegHuk  Editor in Chief
Mpod. A-p. Usan Muykoscku  Prof. Ilvan Mickovski, Ph.D.
3ameHuK ogrosopeH ypeaHuk  Co-editor in Chief
fou. a-p BanenTtuHa MNeveBcka Ass. Prof. Valentina Geéevska, Ph.D.
YpegHuun  Editors
Hou. A-p. JacmuHa Yanoscka, cekpetap Ass. Prof. Jasmina Calovska, Ph.D., secretary
BoH. npod. g-p fobpe PyH4yes Assoc. Prof, Dobre Runéev, Ph.D.
MNpod. a-p Cnase ApmeHcku Prof. Slave Armenski, Ph.D.
BoH. npod. a-p Janko JaHyescku Assoc. Prof, Janko Jan&evski, Ph.D.
fAou. g-p Hukona TyHecku Ass. Prof. Nikola Tuneski, Ph.D.
Acc. m-p 3opaH Mapkos  Ass. Zoran Markov, M.Sc.
TexHudkn ypeghuk  Technical editor managing
Bnaroja BoratuHocku Blagoja Bogatinoski
Ilektypa Lectors
leopru leopruescku  Georgi Georgievski
(MakenoHcku) (Macedonian) 1
Pocuuya AHrenosa Rosica Angelova MOst »
(aHrnucku) (English) remoy
surface
Kopektop Proof-reader guided
Anena leopruescka Alena Georgievska knowl
cutting
YIK: HYB KnumeHT Oxpuacku” — Ckonje  UDC: "Sv. Kliment Ohridski* Library — Skopje produc
(Mapwuja Cejmerosa-Tniescka) (Marija Sejmenova-Gitevska) with fi
Tupax: 300 Copies: 300 nf:s (ki
Llena: 520 gesapu  Price: 520 denars nage, d
microf
Appeca Address de_ten_ni
MatwuHcku pakynter Faculty of Mechanical Engineering machin
(36opHuk Ha Tpygosu)  (Proceedings) the spe
Pegakuvja Editorial Board Mathen
nowT. chax 464 P.0.Box 464 take in
MK-1001 Cxonje, Penybnuka MakegoHuja MK-1001 Skopje, Republic of Macedonia 'III}IT pro
€ mi

www.mf.ukim.edu.mk



nny-

| Ha-

cua

JMEHT

Wthe

mee PROCEEDINGS

(ata- FACULTY OF MECHANICAL EGINEERING, SKOPJE, REPUBLIC OF MACEDONIA
& pe-
v Ha 360PHUK HA TPYAOBU

oS MALWWHCKK ®AKYNTET, CKOMJE, PENYB/IMKA MAKEAOHUJA

36. Tp. Maw. ¢hak. — Ckonje Moa. Bpoj cTp. Ckonje
23 2| 49-08 2004
Proc. Fac. Mech. Eng. — Skopje | Vol. No. pp. Skopje
CONTENTS

351 — Eugeniusz Rusinski, Przemystaw Moczko, Damian Derlukiewicz
Use of finite element method in designing and operation of basic machines
OF OPEN-CASE MIMING .-.cuiietiietiieei ettt eesse et te st estvesteeres e 49-57

352 - Ljubica Petrusevska, Zoran Karamanolevski, Blagica Bliznakovska
Emission and imission of sulfur dioxide from REK “Bitola” .......c.ocooveivveroviioeosoooens 59-€4

353 — Neven Trajcevski, Velimir Filiposki, Mikolaj Kuzinovski
Personal computer interface for temperature measuring in the cutting process
WEAEY BRI i 600 G R RS S S e sny st ses etrrn emmrorots oo s msssmmseessosieslliosss 65-74

354 - Piotr Cichosz, Rafat Krasuski, Mikolaj Kuzinovski
Lapping operation on extensive flat SUMECES .......cccoveveeeervreviieeseeie e, 75-80

355 — Viktor Gavriloski, Hristijan Mickoski, Dame Korunoski
Analysis of control strategies in design of mechatronic active
| SUSPENSION SYSIEM fOr VENICIES ....ociuieiiie e cesiteeesesee st ees s e ess e e 81-87

356 - Gjorgji Adziev
Application of the fracture mechanics approaches in the structural integrity
ASSESSMENt Of PrESSUIe VESSBIS. ... i i iinisiiosioiis iorstsressesesessosssen oo eesenes 89-95

INStructions for QUThOIS ...........covviieuie it 97-58

1574 (2004




360PHMK HA TPYOBU
MALMUHCKU ©AKYNTET, CKOMJE, PENYBINKA MAKELOHWUJA

PROCEEDINGS

FACULTY OF MECHANICAL ENGINEERING, SKOPJE, REPUBLIC OF MACEDONIA

36. Tp. Maw. chak. — Ckonje Fopa. Bpoj CTp

23 2|  49-98

Ckonje

Proc. Fac. Mech. Eng. — Skopje | Vol. No. pp. Skopje

2004

COOPXWUHA

351 - Eugeniusz Rusinski, Przemystaw Moczko, Damian Derlukiewicz
ynotpeba Ha METOAOT Ha KOHEUHM ENEMEHTY 38 KOHCTPYMUparse
W ynpasysarse co 6asuyHaTa MexaHn3auuja Ha NOBPMHCKUTE KOMOBY ........

352 - Jbybuua Metpywescka, 3opaxd KapamaHonescku, Bnaruya BnnsHakoscka

3arafleHocT Ha BO34yXoT o cyndypanokens o4 PyaapcKo-eHepreTckuoT
KOMOMHAT \BUTOMA" .. ..ooieirsieeeec s iirieee e e eesassaeesees et et s e e s eeseesees e ees e

353 - HeseH Tpajuyescku, Benumup ®ununockwu, Mukonaj KyauHoscku
WHTepdejc 3a nepcoHaneH KoMNjyTep 3a Meperse Ha Temnepartypara
BO NPOLECOT Ha pexxerbe NPy 06patoTKa CO CTRYMEHE. ..uvieeeeiereereerreeerseeennns

354 - MuoTp Hu:ow, Pacdan Kpacycku, Mukonaj KyauHoscku
O6paboTka co nenysarse Ha roNemn PamHn NOBPLLUAHM ......oveeeoeereoeeeeeesn.

355 - BukTop Maspunocku, XpuctujaH Muykocku, Jame KopyHocku
AHanuaa Ha cTpaternuTe 3a ynpasyBatse npy NPOeKTUpPatLe
Ha MEXATPOHUYKKU @KTUBEH CUCTEM 33 MOTNUPAHSE Ha BO3UMATA......occveeenee...

356 - [opfu Ayues
MMpuMeHa Ha MPUoANTE Ha MEXaHMKATA Ha oM NPY OLUEHa Ha MHTErpUTeToT

Ka] CafOBUTE MOM NPUTHCOK ..ouvriiieeiiiriiinteiiiniessscoimsins e eseissesesaeas e s s e s

YRATCTBO 38 @BTOPMTE L...oiiiiiiiirietiiice oot e oo seeee s s e e s e s oo



