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Computer-aided design systems

Introduction

Together with science and technology knowledge esipa human’s crea-
tive capabilities tend to develop as well. Conterappenterprises operate in the
environment of commonly introduced automation. Bliomation has resulted
in the high growth in labour-consumption of teclahigreparation for production
in comparison to labour-consumption of productitself. It is not easy to imag-
ine large- scale production meeting quality stadsland bringing profits with-
out the use of computers.

The key condition affecting competitiveness of eomporary industrial en-
terprises is to respond to the market demands $sibly short time. Therefore
the period in which a new product is being devedbpbould be minimized as
much as possible to avoid negative impact on itdityu The pressure to shorten
production preparation cycle has resulted in autmmaof its stages by imple-
mentation of computer-aided design systems. Invthig the following varieties
of computer-aided systems has been developed:

— CIV = Computer Integrated Valuation,

— CIM — Computer Integrated Manufacturing,

— CAQ — Computer-Aided Quality Management,
— CAD — Computer-Aided Design,

— CAP — Computer-Aided Projects of Manufacturing 8y,
— PPC - Production Planing and Control,

— CAPP — Computer-Aided Process Planing,

— CAM - Computer-Aided Manufacturing,

— CAE - Computer-Aided Engineering,

— CIE - Computer Integrated Exploitation,

— CAR — Computer-Aided Repair,

— CAS - Computer-Aided Service,

— CDS - Computer Diagnosis Systems,

— CAU — Computer-Aided Using.

Obviously, not all systems has been established@t and not in the shape
they takes today. The history of computer-aidedgtledates back to the 60’s.
The first programs developed were simple. They akantage of data bases of
e.g. standards valid in mechanics or typical okjébtaries.

291



In the paper we are going to present utilities &DBCAM series of pro-
grams. AutoCad program facilitates making draftsato engineer or graphic
designer during the entire designing process. éncise of mass production the
drawing can be used every few seconds in the fupghe of creating. Nowa-
days, Taiwan and China are the pioneering countaegpply designing tech-
nologies in factories.

1. Computer Aided Design

One of the most significant aspect of computergiésg is possibility to re-
duce production costs and consequently speedinfinapproduct production.
All of these is a result of rising pressure by tharket and a customer. Owing to
opportunities AutoCad gives to its users and higldyeloped technology we are
able to design and manufacture any object, devidea that fills a gap in the
market within a very short time.

AutoCAD has appeared to become a critical technoddgoroduct within
a short period of time. It has initiated creatidnacseparate field of designing
with the use of personal computer. Today Autodesige of products — Auto-
CAD originator — covers a full range of programesludling multimedia ones.

Autodesk company was established in 1982. Sinde ltkginning it has of-
fered software to facilitate engineering works, erthcan be applied in the rela-
tively cheap computers of PC class. It is crudial their capabilities are much
the same as in the case of solutions taking adgardghan extensive computer
systems. AutoCAD is used in a number of discipliaefrom architecture and
mechanical designing to town-planning and calligsam the end. It sells better
that any other CAD-range product in the world. 8idaitoCAD launch in 1982,
there has been sold over 1,4 mIn copies of theranoge more than seven times
the nearest competitor — Bentley company has.

AutoCAD is now available in eighteen language \a@si The program of-
fers extension e.g. AutoCAD Designer is a parameblid modeling software,
AutoSurf aids surface designing. AutoCAD Data Egten helps to manage
data compiled in a heavy files or in a number @fndngs. Finished designs can
be ,enlivened” by AutoVision and 3D Studio prograni$iey facilitate easy
animation and creation of environment by use ofitlitg effects. As far as
Autodesk WorkCenter is concerned it helps to mamgements flow.

Machine and appliances designing, creation of teahmlocumentation re-
corded and kept in an electronic form have becorstaadard in a humber of
companies and enterprices since many years. Tedhddzumentation to be
created on the basis of two-dimensional CAD tealemigs not only requirement
of cooperation, it is a necessity because of tability to facilitate fast docu-
mentation exchange. This obviously saves time dg aa at the stage of design-
ing. Feature of making changes and amends witheedling to re-create docu-
ments from the start is quite meaningful. One diaathge of drafts made with
the use of 2D techniques (like in the case of i@l documentation) is that to
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read and make out the documentation in the forftabtechnical drawings re-

quire appropriate qualifications mastered by agvarircle of specialists.
Applications which aid spatial designing are né¢ehnological novelty any

more. Most of them has been evolving to the mokaiacked versions. Dynamic
development of software proves that there is exgstiemand and keen interest
by addressees in this kind of technology. The failhg functional division of
designing accelerators seems to be forming:

— highly specialized software designed and suitethéoneeds of one, particu-
lar producer, being used to support designing péréicular type of devices.
As an example one can give software used by suobecos as Boeing or
Electric Boat Company (Pic. 1);

Pic.1. Computer aided designing of submarines by EB

— advanced, technical software or packages dedi¢atedparticular industry:
mechanics, electronics, construction etc. As amrmgi& one can mention
packages by Autodesk, Pro Engineer applicatiorgotid Works;

— general purpose application software designed fotetling, visualizing and
making presentations.

2. Computer Aided Projects of Manufacturing Systems

There is also an increase in interest and useegkthoftware in Polish com-
panies. Research conducted in 2005 by IDC Polskasshawn, that among the
main reasons for application of three dimensioyatesns by Polish industrial
enterprises the following causes are to mention:

— Higher quality of designs (88% of responses),

— Less errors in drafts (72%),

— More effective way of presenting data (46%),

— Shorter time within which the product is deliveato the market (14%),
— Simplified capability of sharing design data (22%).

By use of AutoCad software one can design threesdfional objects, that
can form a basis not only to draft two-dimensiaieahnical documentation, but
also can serve as a starting point for making earthe calculations or develop-
ing technology of treatment and generating contaales for numerical con-
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trolled machine tools with the use of specialiajedpendent CAD/CAM pro-

grams or technological modules in integrated prodaglanning systems. 3D
modeling was enabled due to application of computéine construction record
process and introduction of sufficiently high-spemdnputers featuring suffi-

cient operating memory and hard disc capacity. oAlthese became real not
before the 90’s of the twentieth century.

Traditional two-dimensional assembly drawings ugedears do not ensure
prompt capture of errors and discontinuities in doamstruction of particular
parts. To control correctness of assembly and kitienassumptions it usually
was necessary to construct design of object madeVven a prototype in work-
ing. Two-dimensional drawings often require vergrtiugh, time-consuming
revision which is hampered by the fact that eadembly parts had been de-
signed by many people. 2-D technical documentasiorery time-consuming to
update. Every modification in the draft should g gnto several projections or
even onto some supplementary sections and views. éasy then to make
a mistake or miss amend on the particular docurtientpart, which makes
finished projections and sections unsuited onentdheer. Parts and sets designed
with the use of classical 2D method usually prevesth making even the sim-
plest kinematic or endurance analyses. More an& m@mmon use of 3D mod-
eling systems facilitates process of productiomipiag and generating neces-
sary treatment data, making it easier and faster.

Three-dimensional modeling exclude the need fowihiguanother object pro-
jections and views, since the entire documentatforformed automatically.
A designer is only to indicate particular views a@ttions, which are automati-
cally generated on the basis of solid model anad¢espaver the flat drawing.
Moreover, as far as solid models are concernedingakchange in model geome-
try does not entails the need to modify the otlejegtions of a working drawing.
The program updates them after any transformateenn basic geometry.

Contemporary designing methods do not mean jusarssformation from
a flat record of construction to the three-dimenaloone. It is more and more
common to dimension a design of parts in a parametay. Parameterized
models of parts or sets enable its user to makekquodifications in the draft,
to analyze a number of variants to produce a partonstructional solution.
Joining these values one with another can proceed different ways e.g. by
joining dimensions with the use of relation or tyidimensions with aid of table
of variables, built within the CAD system or by uffeexternal applications (e.qg.
MS Excel).

3. Computer Aided Manufacturing

Today CAD/CAM systems are so multi-purpose, thatstactional draw-
ings developed in any CAD system convenient torasitactor can be saved in
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a standard format, which is recognizable by CAMeays(the most popular one

is DXF — in fact almost all of known CAD systeme able to save drawings in

this format). Compatibility between CAM and CAD ®m® drawings is enabled
by implementation of suitable interface.

The interface is a program that enables:

— To download geometrical data for the drawing samddXF format or in any
other available one,

— To display separate layers of the drawing and liecsa proper layer to con-
tinue works,

— Geometrical orientation of a drawing and implemgataof coordinates set,
mostly suited to treatment programming,

— Selection through indication by bullet point ofraents (points, lines, circle),
forming a profiles — to shaped treatment or of taditreatment area — while
choosing surpluses or determining coordinate peintsopenings treatment.

— To display and verify selected elements, createflips and sets of points,

— Automatic creation of program lines for SN machtoels, responding to
define chosen elements in a particular language tearémitting them to
a particular processor.

If we move on to CAM module we have ready to ussgpam designed for
treatment, containing description of necessary gaooal parts, profiles, point
sets. If needed, the program can be modified, supghted (e.g. with surpluses)
and some elements are able to be removed, thesatheibe added.

Above described system of cooperation between CAD @AM should be
treated as one out of many possible. Some of thiesyg are simpler to use, the
other — more advanced, featuring larger data badés,to process more factors
affecting e.g. selection of surpluses. Many of CBBM systems is so highly
integrated that there is no need to converse dgsatima particular format.

Today there is a number of programs of CAD/CAM @&Erange available
on the national and international market. It istgu@ommon that one particular
company takes advantage of some different systitrfarces its users to com-
municate between the systems and exchange datgditticularly critical in the
case of large companies of holding structures, khito/olves cooperation
among several hundred or even more component suppli

Some of the systems comprise single specialisicapipin designed to per-
form particular activities connected with compuééded construction planning,
development of production process or generatianuaferical controlled machine
tools codes. The others include more complex iategr systems based on the
common code, equipped with a set of specialist hesdfacilitating designing,
planning, manufacturing (I-deas, Unigraphics, Pngikeer, CATIA etc.) Inte-
grated systems provide capability to exchange atagaery stage of work, starting
from conception, through designing, analysis to glete documentation and pro-
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duction (since they are based on the common filmdt they usually allow to
import and export data needed from the other progyaUnfortunately, for many
years there has been any specialist, subject pnograffer such capabilities.

CAD/CAM systems are constantly extended and stiitedsers’ suggestions
and needs. Each of them emphasize different elesnéoivever all of them
make their way to increase flexibility and variedl solutions, to provide ex-
panded technological and tool data bases, to maganizational improvements
and to tighten relations between the modules amdrids building of user-
friendly systems.

Although CAD/CAM systems become more and more eaigdnthe pro-
gram designers keep on striving for making theneeas use. The system fea-
tured with automated option requires simple usa ofirsor to indicate area that
one plan to cut out and given the command ,doh# system will define tool
track for any complicated, multi-area solid. Than&sthese capabilities user
determined to purchase CAD/CAM system does not bawveaste many weeks
for studying instructions how to use it.

In the thick of CAD/CAM range of products it is n&b easy to choose the
proper one which would help designer to performadigular task effectively.
The most simple and the most expensive at the saneesolution is to buy
Loversized” system enabling to create programsriestment of freely compli-
cated goods. Nevertheless such systems requirly legpensive hardware, they
are costly alone and when in use as well.
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Abstract

Advantages of CAD/CAM systems are unquestionabtethay are the ef-
fect of above mentioned capabilities. However, tefppointing any system for
a particular use, one should carefully analyzerttwin current and future needs
as well as the state and requirements of machioeey owes. An emphasis
should be put on the fact that there are no readysé integrated manufacturing
systems, which are to be purchased and simply sppked in the facility. Each
user should look for his own way to solve the peofl

Key words: CAD/CAM, modeling, computer aided designing.

Systemy komputerowego wspomagania projektowania

Streszczeng

Zalety systeméw CAD/CAM gniewatpliwe i wynikaja z wielu wyzej opi-
sanych meliwosci, ale przed wytypowaniem systemu dla konkretneggtoso-
wania naley blize] przyjrz& sig wkasnym potrzebom, aktualnym i przysziym,
oraz posiadanemu i planowanemu parkowi maszynoweMalezy zwrécic
uwag: na to,ze nie ma gotowych zintegrowanych systemow wytwaezektére
mozna by kupt i bezpdrednio zastosowaw zakladzie. Kady uzytkownik
musi szuké indywidualnej drogi do rozvazania tego problemu.

Stowa kluczowe: CAD/CAM, modelowanie, komputerowe wspomaganie pro-
jektowania.



