https://doi.org/10.26552/com.C.1999.1.85-89

Viera Poppeova - Nadezda Cuboiova - Juraj Uricek *

KOMNIKCCe

C O MMUNICATION:S

VYUCBA POCITACOM PODPOROVANYCH TECHNOLOGII

V STROJARSTVE

EDUCATION OF CA TECHNOLOGIES IN MECHANICAL ENGINEERING STUDY

Na oblast cislicovo riadenych strojov, pocitacom podporovanych
technologii, hlavne na systémy pocitacového konstruovania a pocita-
com podporovanii vyrobu v strojdrstve je na Strojnickej fakulte Zilin-
skej univerzity orientované hlavne Studijné zameranie Vyrobné
systémy s priemyselnymi robotmi a manipuldatormi.

Na Strojnickej fakulte Zilinskej univerzity je mozné v sucas-
nosti §tudovaf viacero studijnych odborov. Studijné zameranie
Vyrobné systémy s priemyselnymi robotmi a manipulatormi
(VSPRM) bolo koncipované v osemdesiatych rokoch, teda
v rokoch maximalneho boomu robotov, na vSetkych technickych
univerzitach v byvalom Ceskoslovensku. Na nasej univerzite ho
mozno Studovat od roku 1986. Garantom studia je Katedra
merania a automatizacie. Na vyuc¢bu odbornych a profilovych pred-
metov bolo potrebné vybudovat nové laboratdria s celkom novym
vybavenim - s Cislicovo riadenymi (NC - Numericall Control)
strojmi, priemyselnymi robotmi, po¢itaCmi a potrebnym programo-
vym vybavenim, neskor so systémami pre pocitatom podporované
(CA - Computer Aided) technologie, hlavne pocitacové konstru-
ovanie (CAD - CA Design) a pocitacom podporovanu vyrobu
(CAM - CA Manufacturing) a komplexné CAD/CAM systémy.

1. Vyucba programovania NC strojov

Technologicka priprava vyroby a priprava programov pre NC
stroje patri medzi najdolezitejSie oblasti v pedagogickej a vyskum-
nej Cinnosti katedry. Pre zabezpecenie tejto Cinnosti bolo nutné
vybavit pracovisko NC strojmi a potrebnym hardvérom a softvé-
rom. Bola to fazka a zlozita uloha. PretoZe produkéné NC stroje
predstavuju investicie vo vyske niekol’kych miliénov, rozhodli sme
sa zamerat na tzv. Skolské NC stroje - hlavne od rakuskej firmy
EMCO. V roku 1989 sme zakupili Skolsky sustruh EMC
O Compact 5 CNC, ktory doteraz spolahlivo pracuje a mame
s nim tie najlepsie skusenosti. Kapacita tohto stroja vSak nebola
dostatoéna pre vyucbu viac ako sto Studentov roéne, ako je to
v nasom pripade. Preto sme vyvinuli softvér na simulaciu ¢innosti
tohto stroja, ktory umoznuje overit spravnost technologického
postupu a NC programu, ako aj zistift mozné kolizne stavy.
Simulaény program zvysil efektivnost a intenzitu pedagogického

Process of education in study branch Production Systems
Equipped with Robots and Manipulators is mainly oriented towards
the areas of Numerically Controlled Machines and Computer Aided
Technologies, Computer Aided Design and Computer Aided
Manufacturing Systems in Mechanical Engineering.

At present it is possible to study different study special-
izations and branches at the Faculty of Mechanical Engineering at
the University of Zilina. The study branch Production Systems
Equipped with Robots and Manipulators (PSERM) was con-
ceived during the years of robotics boom (1980’s) at several
technical universities in former Czechoslovakia. At our University
it has benn possible to study it since 1986. The patron of this
study is the Department of Measurement and Automation. It was
necessary to build new laboratories for education of subjects with
completely new structure - numerically controlled (NC) ma-
chines, industrial robots and manipulators, computers, software
for programming automation of NC machines and later CA
(Computer Aided) technologies and CAD/CAM (CA Design /
Manufacturing) systems.

1. Teaching of NC Machines Programming

The technological production preparation and program crea-
tion for numerically controlled machine tools is one of the most
important research and educational activities of our Department.
In order to be able to support such activities it was necessary to
equip our workplace with NC machines and later also with com-
puters and required software. It was a difficult and complex task.
Because all the production NC machines require an investment of
several millions, we have decided to concentrate on trainin
g machines (among others from the Austrian company EMCO).
In the year 1989 we have bought a EMCO Compact 5 CNC train-
ing lathe, which has worked reliably until today and we have hat
only the best experience with this machine. The capacity of one
machine was not able to cover requirements to teach more than
one hundred students per year as in our situation. Therefore we
have developed a simulation software for this machine, which
allows to check the technology procedure and the program off-line
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procesu. V roku 1995 katedra ziskala Skolsky pruzny vyrobny
syst¢ém EMCO, ktory pozostava zo sustruhu EMCO Compact 5
CNC s elektricky ovladanym konikom, ¢o umoZnuje automatizo-
vat vymenu obrobkov, dalej z frézky EMCO F1 CNC s elektricky
ovladanym zverakom a z pédtosového robota MITSUBISHI.

Automatizované programovanie a tvorbu partprogramov sme
zacali vyuCovat najskor v systéme AUTOPROG, ktory je mozné
pouzif tiez na tvorbu technologickych postupov. V roku 1990 sme
zacali pouzivat syst¢ém INGE z firmy INORGA Praha. Tomuto
systému vSak chybalo niekol'ko dolezitych funkcii, a preto sme
zacali pracovat so systtmom KOVOPROG z firmy Kovosvit
Sezimovo Usti. Vdaka dobrej spolupraci s autormi tohto systému
mame najnovsiu verziu, ktora na pocitaci umoznuje vytvarat pro-
gramy pre obrabacie centra, sustruhy, drotové rezacky a NC lisy.
Dal3i systém, ktory pouzivame na vyucbu programovania a simu-
laciu Cinnosti strojov a robotov, je systém od firmy INTYS
Bratislava. Katedra vyvinula rozSirujuci modul pre tento systém,
ktory umoziuje pouZit ho aj pre programovanie sustruhu od firmy
EMCO. V stcasnosti pracujeme tieZ so simulaénym programom
¢innosti frézky EMCO F1 CNC, ktory bol vytvoreny na nasej
katedre.

1.1 Modul vyuchového softvéru INTYS pre sustruh
EMCO 5 CNC

Firma INTYS Bratislava dodava vyucbové systémy pre rozne
NC stroje a robotizované pracoviska pre ucely vyucby (Skolské
a tréningové centra). Preto je rozdeleny vyucbovy proces do
tychto faz: programovanie frézovacich a sustruznickych CNC
strojov s grafickou simulaciou po jednotlivych riadkoch CNC pro-
gramu, priprava a zoradenie stroja, vyroba suciastky podla pro-
gramu, editovaného a vytvoreného v predchadzajucej faze,
priprava a zoradenie robotizovaného obrabacieho centra, navrh-
nutie riadiaceho programu a spojenie s inymi CNC strojmi.
Simulacny softvér firmy INTYS dovoluje zvladnut zaklady progra-
movania lahko a rychlo. Student je
schopny vytvorit program pre aku-

fintys NNNNNRE . D)

and to detect any possible collisions. This simulation software
made our education process more effective and intensive. In 1995,
the Department managed to acquire the Training Flexible
Manufacturing System EMCO which consists of EMCO Compact
5 CNC lathe with electric chuck (which allows automatic part
exchange), milling machine EMCO F1 CNC with electrically con-
trolled clamp and 5 - axis robot Mitsubishi.

The automated programming was introduced and the tech-
nique of part-program preparation was exercised first in the
system AUTOPROG, which is also able to automatically create
technological procedures. In 1990 we have tried the system INGE
from Inorga Prague. However, it missed several important func-
tions and therefore, we have begun with the KOVOPROG system
from Kovosvit Sezimovo Usti. Thanks to good co-operation with
authors of the system, we have the newest version of the system
and it is suitable for program creation for machining centres,
lathes, wire cutters and NC presses. Another system we use for
programming and simulation of machines and robots, is the
system from the firm INTYS Bratislava. Our department de-
veloped extension module for this system, which allows its appli-
cation for EMCO training lathe. We are working also with the
simulation program of the EMCO FI CNC milling machine,
which was also made in our Department.

1.1 Module of Educational Software INTYS for the
EMCO 5 CNC Turning Machine

The firm INTYS Ltd., Bratislava supplies training systems -
different CNC machines and robotized centres - for educational
purposes (schools and training centers). Therefore, the educatio-
nal process is divided in phases: the programming of milling and
turning CNC machines with graphic simulation of single block of
CNC program and the exercising of machine preparation and set-
up, manufacturing a part using CNC program edited and debug-
ged in previous phase, preparation and set-up of robotized
machining center, devising its
control program and communica-

kolvek zadanu suciastku. Tento
softvér dovoluje simulovat vytvo-
reny program na PC alebo skusit || .
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tion with other CNC machines.
INTYS simulation software allows
to master CNC programming
basics quickly and easily. Then, the
student is able to create CNC
program for any given part.
Training software allows to simu-
late created program on the PC or
try directly on a machine.
Considering that many of the
schools have some machines from
2D zabrazenie the firm EMCO, our department
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FL pinola on/off

F2 interakcia on/off
F3 nitkovy kriz

F4 otoc pelotovar

FS posun polotovan
F6 rucne riadenie
F7 nastavenie mierky
F8 draha on/off
4+ krokovanie / stop
+  turbo on/off
€ opakuj simuldciu
t exit
End continualne

zistené rozdiely formatov v tychto

[ developed an expanding module

pripadoch: ¢islovanie blokov,
pocet miest v danom bloku, for-
mat a pozicia G a M funkcii, for-
mat a pozicia siradnic X a Z a pa-
rametrov F, H, T, L a K, zistenie

Obr. 1. Grafickd simuldcia NC programu
a vyroby suiciastky v systéeme INTYS
Fig. 1 Graphic simulation of NC program
and manufactured part in INTYS system

for educational software INTYS.
This software module allows trans-
formation of NC program from
INTYS system format to EMCO
format. Differences were found
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kodu funkcie pre priame a pozdizne sustruznicke cykly, format
a definicia funkcii G02 a GO3 pre kruhovu interpolaciu, definicia
funkcie M06 - vymena nastroja, iny vyznam funkcie M99 a kapa-
cita paméte pre NC program.

2 Vyucba CA technologii
2.1 Pocitacové konstruovanie

Vyucba predmetu Zaklady pocCitacového konStruovania sa
zacala v roku 1989. Na katedre bola vybudovana pocitacova
ucebna, ktora okrem inych predmetov umoznila vyuébu kurzov
systému AutoCAD 10. Obsah kurzu zahfnal hlavne 2D kreslenie,
tvorbu a editovanie grafickych entit, tvorbu technickej a kons-
trukénej dokumentacie pre priemysel. Neskor, s ohladom na zvy-
Sujice sa poziadavky na Specialistov v tejto oblasti (hlavne
z konstrukéne orientovanych Studijnych odborov fakulty), bol rea-
lizovany projekt na vytvorenie §pecializovaného laboratoria pre
vyuébu CAD systémov s nevyhnutnym hardvérom a vyS$Simi ver-
ziami AutoCADu. Toto laboratorium je v su¢asnom obdobi orga-
nizaéne zaélenené na Katedru Casti strojov. Studenti Strojnickej
fakulty tu mozu absolvovat niekol’ko predmetov orientovanych na
systémy AutoCAD a Pro/ENGINEER. Vdaka dobrej spolupraci
s priemyslom nasa katedra moze ponuknut CAD aplikacie a Stu-
denti m6zu pracovat s najnovsimi softvérovymi produktmi tohto
druhu. Okrem AutoCADu je mozné oboznamit sa so systémami
CADKEY a SOLIDWORKS. V roku 1996 bolo vytvorené na
katedre nové laboratorium CAD/CAM so siedmimi pracovnymi
stanicami pre systém Pro/ENGINEER.

2.2 CAD/CAM systémy

Niekol'ko rokov skusenosti v oblasti CAD a programovania
NC strojov, ako aj dostupné pocitaCové ucCebne na katedre
a fakulte, vytvorili dobré Startovacie podmienky pre vyucbu
CAD/CAM systémov. Katedra pomohla vyriesit tiez niekol'ko
praktickych problémov pre firmy v tejto oblasti a spolupracovala
pri aplikacii tychto systémov do praxe (tvorba postprocesorov
pre konkrétne NC stroje a pod.). Prvy, velmi jednoduchy, ale
doteraz stale zaujimavy priklad takéhoto systému je vyuzitie Skol-
ského sustruhu EMCO Unimat PC, ktory je riadeny osobnym
pocitacom. Softvér umoznuje vytvorit profil obrobku na obra-
zovke pocitaca, potom je automaticky generovany technologicky
postup, vytvara sa NC program a riadi sa vyrobny proces na
stroji. V roku 1995 vdaka dobrej spolupraci s firmou 3J Soft
Poprad sme ziskali systtm SURFCAM. Jeho vyhodou je, Ze
nevyzaduje silny hardvér a pracuje na klasickych PC. Je apliko-
vany v spojeni s modelarskou frézkou HWT A-442 CNC, ktora
dovoluje dotykové snimanie povrchu modulu so skenovacou
sondou a tiez matematické modelovanie povrchu. Ako uz bolo
uvedené vysSie v roku 1996 katedra ziskala sedem pracovnych
stanic a CAD/CAM systém Pro/ENGINEER. Okrem pouzitia
tohto systému pre CAD a CAM problémy vyvinuli sme moduly
pre spojenie systému Pro/ENGINEER s NC strojmi na katedre
(Skolsky sustruh a frézka EMCO).
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out in the following instances: block numbering, character count
in one line, format and position of G-function and M-function,
format and position of coordinates X, Z and parameters F, H, T,
L and K, indication of the function code for straight and face
roughing cycle and the neck down cycle, format and definition of
GO02 and GO3 functions for the circular interpolation, definition
of M06 function - tool change, different M99 purpose and
memory capacity for NC program.

2 Teaching of CA Technologies
2.1 Computer Aided Design

The instruction of the subject Basics of Computer Aided
Design began for the first time in 1989. The Department founded
a new computer laboratory, where among the other subjects,
courses of the AutoCAD 10 system were taught. The contents of
the course included mainly 2D drawing, creation and editing of
graphical entities, creation of the technical and drawing docu-
mentation for the machining industry. Later, due to growing
demands for specialists in this area, coming from other study
branches (especially design oriented), a project was realised to
create a special computer laboratory for teaching CAD systems
together with necessary hardware and later versions of AutoCAD.
This laboratory is now under the supervision of the Department
of Mechanisms and Machine Parts. All faculty students can
follow here several optional subjects from the basics of AutoCAD
to Pro/ENGINEER.

Thanks to cooperation with the industry, our department is
able to follow CAD application explosion and students can work
with the latest software products in this field. In addition to
AutoCAD it is possible to get the students acquainted also with
systems as CADKEY and SOLIDWORKS. In 1996 a new
CAD/CAM laboratory was created with seven workstations for
Pro/ENGINEER systems at our Dapartment.

2.2 CAD/CAM Systems

Several years of experience in the area of CAD and program-
ming of NC machines and the available computer laboratories at
the Department and the Faculty, provided a good starting condi-
tion for the education of CAD/CAM systems. We also help to
solve several practical problems for companies in the area and
assist with introducing the application of such systems (creation
of post-processors for individual machines and so on). First but
until now still an interesting example of such a system is the appli-
cation on EMCO Unimat PC training lathe, which is controlled
by computer. The software allows to create the profile of the work-
place on the computer screen and then it generates technological
procedure, creates the NC program and controls the production
process of the machine. In 1995, thanks to cooperation with the
company 3J-SOFT Poprad, we have acquired the system
SURFCAM. Its big advantage is that it does not need powerful
hardware and it works on a regular PC. It is applied together with
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2.2.1 Aplikdcia CAD/CAM systému
Pro/ENGINEER vo vyuébe

CAD/CAM systém Pro/ENGINEER je na Strojnickej fakulte
pouzivany na vyucbu predmetov zameranych na automatizovanu
technicku pripravu vyroby. V tejto Casti je uvedeny problém trans-
formacie CL (Cutting Location) dat, ktoré boli vytvorené
v CAD/CAM systéme Pro/ENGINEER, na NC program takého
formatu, ktory je predpisany pre vstup do riadiaceho systému skol-
skej frézky EMCO F1 CNC. Preklad CL dat sa vykonava
pomocou programu, ktory bol vytvoreny na katedre. Softvér
pracuje na Standardnych PC. Program ¢ita prikazy CL dat z tex-
tového pola po riadkoch a generuje pre kazdy nacitany prikaz pri-
slusnu funkciu do riadiaceho systému frézky. Cyklus generovania
sa uskutocnuje dovtedy, pokial nie su nacitané vSetky prikazy
z CL datového pola. Pri pouziti navrhnutého programu sa postu-
puje nasledovne: konstruovanie suciastky v syst¢éme Pro/ENGI-
NEER, simulacia vyroby v module Pro/MANUFACTURING,
urcenie technologickych podmienok (ndastroje, pripravky, rezné
parametre, polotovar), tvorba CL datového pola (vystup
z Pro/MANUFACTURING), preklad CL dat na NC program,
nacitanie NC programu do riadiaceho systému, vyroba navrhnutej
suciastky na stroji. Spravnost programu bola overena pri vyrobe
viacerych suciastok rozdielnych tvarov a rozmerov.

Obr. 2. Pohybovy cyklus ndstroja pri vyrobe siiciastky v module Pro/MANUFACTURING
Fig. 2 Tool - path of machining part in Pro/MANUFACTURING model

3. Zavery

Studenti §tudijného zamerania VSPRM su po skonéeni §tudia
pripraveni rieSif problémy pruznej automatizacie technologickych
procesov a vyrobnych systémov. Su schopni vyuzivat a navrhovat
aplikacny softvér a hardvér. Ovladaju zaklady CA technoldgii -
pocitacové konStruovanie, automaticku tvorbu technologickych
postupov a programov pre NC stroje a roboty. MoZu rieSit pro-
blémy v oblasti vyuzitia CAD/CAM systémoyv, pri navrhoch pruz-
nych vyrobnych systémov alebo CIM systémov (pocitacom

HWT A-442 CNC modelling milling machine, which allows the
contact sensing (with a probe) of complex model surfaces and
also mathematical surface modelling. In 1996, the department
obtained seven UNIX workstations and CAD/CAM system
Pro/ENGINEER. Except the application of this system for CAD
problems we have developed modules for interconnection of NC
machines at the Department (training lathes and milling machine
EMCO) with system Pro/ENGINEER.

2.2.1 Application of CAD/CAM System
PRO/ENGINEER in Education

The CAD/CAM system Pro/ENGINEER is used at the
Faculty of Mechanical Engineering for the instruction of subjects
aimed at the technical preparation of manufacturing. This part
presents the problem of CL data arrangement from CAD/CAM
system Pro/ENGINEER to the format of NC program that enters
at the EMCO F1 CNC training milling machines. The arrange-
ment of CL data is made by computer program which has been
developed at our Department, software run on standard personal
computers. The program reads the commands of CL data from
the text file by the line row and adds for every command the com-
petent function of milling machine control system. The cycle of
arrangement runs till the end of the
CL data files. At verification of the
proposed program the procedure
was: drawing of the part in
Pro/ENGINEER, simulation of
manufacturing in the Pro/MANU-
FACTURING module, determina-
tion of all technological parameters
(machine, tools, fixture, cutting para-
meters, workpiece), creation of the
CL data file (output from Pro/MA-
NUFACTURING), arrangement of
the output CL data on NC program
which enters the control system of
milling machine (by developed
program), the load of NC program to
the control system of milling
machine, manufacturing of a propo-
sed part on EMCO F1 CNC milling
machine. The program was verified
at the manufacturing of several parts
with different forms and dimensions.

3. Conclusions

The students of the PSERM study branch are prepared to face
problems of flexible automation of technological processes and
manufacturing systems after their graduation. They are able to use
and design the application hardware and software. They master
the basics of CA technologies - design, the automated creation of
technological procedures, programs for NC machines and robots.
They can be used for solving problems in the field of CAD/CAM
systems and designing flexible manufacturing systems or CIM
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integrovana vyroba). Prvi absolventi ukon¢ili §tudium v roku 1991
a doteraz je celkovy pocet absolventov Studijného zamerania
VSPRM 171.
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systems. The first graduates finished their study in 1991. Since
then there have been 171 students completing successfully their
studies.
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RIESENIE KRIZOVYCH SITUACII ’99

Fakulta $pecialneho inZinierstva Zilinskej univerzity v spolupraci
s Ministerstvom hospodarstva Slovenskej republiky, organizuje v diioch 19.
- 20. maja 1999 IV. medzinarodnu vedecku konferenciu venovanu rieSeniu
krizovych situacii v Specifickom prostredi.

Konferencia sa bude konat na plenarnom zasadnuti a v troch sekciach:
Sekcia ¢.1: Krizové planovanie,
Sekcia ¢.2: Prirodné katastrofy,
Sekcia ¢.3: Ochrana majetku.
Konferencia sa uskutoéni v priestoroch Zilinskej univerzity.

Vsetkych zaujemcov srdecne pozyvame.

CRISES SITUATIONS SOLUTION 99

The Faculty of Special Engineering of the University of Zilina in co-
operation with the Ministry of Economy of the Slovak Republic is organ-
ising from 19 - 20 May 1999 the Fourth International Scientific Conference
devoted to crises situations solution in specific environment.

The conference will take place in plenary meeting and in three sections:
Section No.1: The crises planning
Section No.2: The natural catastrophes
Section No.3: The property protection.

The conference will be held at the University of Zilina.

All who are interested are cordially invited.

Sekretariat konferencie:
Zilinska univerzita - Fakulta §pecialneho inzinierstva

Secretary of the conference:
University of Zilina - Faculty of Special Engineering

Ing.Vlastimil Mach
Ul 1.méja 32, B-27, SK-01001 Zilina, SLOVAKIA, Tel.: ++421-89-7633320, ex.240, Fax: ++421-89-34972, E-mail: vf@fsi.utc.sk
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