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Abstract - In the modern education of Engineering Design version up, the potential of these freeware foretiecational
Graphics, the use of CAD technology is essential in use is increasing quickly.

learning of theoretical concepts, such as Projectyv Beside the high quality of some of these freewtmere
Geometry and Geometrical Modeling, for the are several open source projects, which are ineaggat
development of spatial abilities and the masteringf the  with the educational and research purposes of the
engineering graphics communication and design tool. engineering schools, and allow the customizationthef
Within this context, there is a demand for the CAD applications for the specific needs of each institu On the
software in the Engineering courses. Recently, therare  other hand, the saving f the budged is a verydiue factor.
many freeware for graphics use, such 2D vector drawng Due to the scale of the usage and the need foodgieai
and 3D modeler applications as well as CAD software upgrade and daily maintenance, the budged to niaitta
With constant improvement and updating, the potental course of Engineering Design Graphics with comnagrci
of these freeware for the educational use is increeng CAD software is not negligible. Even consideringe th
quickly. Also, due to the cost, the availability othe CAD  academic discounts, the shortage of budged facechdny
tools to the students is relatively limited. From he  engineering schools of the developing countriesireq a
viewpoint of the students, the use of freeware insad of more cost-effective solution. Also, due to the cate
commercial CAD tools, whose access is limited due the  availability of the CAD tools to the students idatevely
cost, may mean the possibility of doing the home wks limited. From the viewpoint of the students, theefraccess
or practicing the projects at home. Thus, the objeive of to the software is an important issue that meares th
the present work is to analyze the feasibility of jplying possibility of doing the home works or practicinget
freeware for the teaching and learning of Engineerig  projects at home and will banish definitively some
Design Graphics. The analyses were carried out by undesirable illegal practices.

checking the functionalities of the freeware againsthe Since the most of the freeware are designed farifipe
requirements of the course and by collecting informtion  task and have limited functionalities, it might iecessary to
from mini-courses applied to the students. make use of several of them, integrated organic¢alfprm a

free CAD system for the educational use. Thuspthjective
Index Terms—- CAD, Engineering Education, Engineering of the present work is to study the feasibilityapplying free

Design Graphics, Freeware. CAD software to the teaching and learning of Engiirey
Design Graphics. At fist, a general survey, catalog is
INTRODUCTION carried out. The freeware are analyzed considetiveir

functionalities and portability. Then, based on the
In the modern education of Engineering Design Gigph requirements of an Engineering Design Graphics segur
the use of CAD technology is essential in learnioiy several freeware are selected. Finally, the effeoss of the
theoretical concepts, such as Projective Geometry a free CAD system for the educational use is evatlidtg
Geometrical Modeling, for the development of spatialectures given to small groups of students and evetpto
abilites and the mastering of the engineering hiep results of a commercial CAD software.
communication and design tool. Within this contdRgre is In this paper, a brief overview on the teaching of
a demand for the CAD software in the Engineeringrses. Engineering Design Graphics in Brazil and in thecdis
Most of the CAD software of professional use avdda Politécnica of University of S&o Paulo (EPUSP)wadls as
nowadays has educational versions with reducedeagiad the results of the first part of the research reigar the
prices. Recently, there are many freeware for gecaphse, freeware for two-dimensional constructions is pnése.
such 2D vector drawing and 3D modeler applicatassvell
as CAD software. With the constant improvement and
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TEACHING OF ENGINEERING DESIGN GRAPHICS IN BRAZIL ENGINEERING DESIGN GRAPHICS AT EPUSP

In the beginning of the 20th century, due to theEscola Poltécnica of the University of Sdo PaulBUSP) is

industrialization process, the teaching of EngimgeDesign  the pioneer in the introduction of CAD in the teiachof the
Graphics gained spaces in the Brazilian engineargses.
The contents of the subject were strongly basedthen
theoretical
Descriptive Geometry that made parts of the costaft
junior and senior high school’s education in Brazil
However,
guidance in the 70's eliminated these theoretiopics by
gathering them together with the artistic drawingder a
subject of Artistic Education. Since then, the téag of the
theoretical topics has been restricted in few lsigimools and
technical schools for the formation of intermedid®el

Engineering Design Graphics in Brazil. The topiekted to
CAD were included in the end of 80’s. After the cessful

topics such as Geometric Drawing andxperience with some of the class, the concepteantice

of CAD were applied to all the freshman studentstha
beginning of 90’s. Strongly focused on CAD, in thishe,

the change of the Brazilian educationthe new technology replaced the traditional drawang its

related theoretical backgrounds.

In 1996, as a result of reformulation of the sutsjexf
the Engineering Design Graphics of EPUSP, pricritiere
given to the development of the spatial abilitiexd &he
mastering of the engineering graphics communicatiod

technicians. In this way, most of the freshman wundedesign tool. Within this context, topics such aso@etrical

graduating students of engineering courses stadefhce
difficulties in the learning of Engineering Desi@raphics

Drawing, Projective Geometry and freehand sketchliewe
reinserted, in order to achieve a better balandsvdan

due to the lack of the theoretical backgrounds. Theraditional theoretical background and Geometricdislong

reinforcement of the theoretical topics in the sob§ of
Engineering Design Graphics were challenged byiauar
change in the Brazilian universities, that redugeadually
the time for the lectures. For this reason, sevetatlies

by using CAD technology [5].

Nowadays, two subjects compose the course of
Engineering Design Graphics of EPUSP: Graphical
Geometry and Graphical Representation, which aferext

about more efficient methodology for the teachinfy oto 750 freshman students of all engineering counsebe

Engineering Design Graphics were reported [1].

In Brazil, the topics related to CAD were firsthyciuded
in the Engineering Design Graphics in the end 0%.80
Despite of fast grow up of the professional usaf€AD
technology and constant effort for the modernizatiof
Engineering Design Graphics at the Brazilian ursitess,
owing to the shortage of the budget, the spreadhef
teaching of CAD in the engineering courses occiter éhe
end of the 90’s.

The difficulties of the transition of the teachirfiggm
traditional instrumental drawing to that based oADC
technology can be shown by a survey made by Mdtes
At the beginning of the 21st century, amount thezdian
engineering faculties that participated the survegs than
20% have included the concepts and practice of @Aihe
subjects related to Engineering Design Graphics.

In order to overcome the shortage of the budgepyma
innovative experiences about the introduction ofDCA the
teaching have been reported. Lima [3]
experience of the Department of Graphic Expressiothe
Faculty of Engineering of the Federal UniversityRib de
Janeiro (UFRJ). Deganutti, et. al [4] showed mettioel
adopted by the Department
Representation of the S&o Paulo State UniversityH8P-
Bauru).

of Arts and Graphic

first and the second semester, respectively. Eabjest has
30 hours of lecture. All the lectures are carroed in two
LECs (Laboratério de Ensino de CAD - Laboratory for
Teaching of CAD). The LECs were reformed in 2005,aa
result of partnerships between EPUSP and more #tan
private companies. Both the engineering workstatiand
software NX3.0 used in the course are supplied ACP
Program (Partners of Advanced Collaborative Enginge
Enducation). The CAD software Microstation providey
Bentley Systems of Brazil is also adopted in tlaehéng.

A remarkable aspect of the subjects is the project-
oriented teaching and learning. Beside the lectabeait the
theoretical lectures of Geometrical Drawing, Projec
Geometry and Geometric Modeling, there are ‘Prognaih
Activities’, where the presence of the studentesnd
obligatory. In the ‘Programmed Activities’, assibtby the
teaching assistants, the students can practiomolaeling by
using CAD and develop their projects — the solutidran

reported thengineering problem by using topographic drawingtha

first semester, and the design and constructioa small
electric car for the competition in the end of #mademic
year.

The subject of Graphical Geometry, which is offenred
the first semester, is focused on the theoretispeets such
as Geometric Drawing, Descriptive Geometry and

Nowadays, with emphasis on the development of th@opographical Representation. The CAD software used

ability of space visualization, the concepts areghactice of
CAD already coexist with freehand drawing in thdjsats

Microstation of Bentley Systems is used to practiee-
dimensional drawings. Basically, the students retre

related on Engineering Design Graphics of Braziliancommands of creation, modification and manipulatimin

Engineering courses. However, searching for altermes of
small impact on the budget is still a great chajerfor
majority of the engineering.

Coimbra, Portugal

two-dimensional figures to accomplish the projedhe first
semester [6].

The subject of Graphical Representation, which is
offered in the second semester deals with the qscef
Geometric Modeling and Technical Drawing, such as
perspectives, orthographic views, section view and
dimensioning. The practice of geometric modelingd an
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generation of technical drawings are carried outuking As shown by Table 1, there are few CAD programs wit
CAD NX3, three-dimensional objects and surfaces ardéreeware license and even fewer with the open soumany
created by applying instance of geometric primiive of them are “demos”, whose resources is generatijtdd

sweepings, Boolean operations, parametric modeding
modeling by constraints. Concepts of top-down aottoln-
up Assembly are also applied.

when compared to the paid versions, or are “trialhose
license lasts a short period of time, normally 23 The
size of majority of the programs is small, arouri N\AB,

Figure 1 shows the LECs of the EPUSP. With thewhat make the download very easy.

specially designed layout and furniture, and uptated
hardware and software provided by the partnery, dne one
of the most advanced laboratories for the teaclihghe
Engineering Design Graphics in Latin America and ar
reference in Brazil.

FIGURE 1
LABORATORY FORTEACHING OF CAD OFEPUSP.

However, this situation cannot be applied to othelber

Brazilian universities. As the cost to maintainugmto-dated
Engineering Design Graphics is relatively high iagnof the
Engineering faculties of the country, whose budgats

generally limited, as what happens in the develppin

countries, the use of freeware may be a very dbstteve
solution for the teaching purpose.

CAD FREEWARE

Freeware is software that is licensed for its rteithistion, but
not for its modification. Its source code is notadable.
Besides the freeware, there are others softwarediffierent
licenses, less restrictive than the freeware, aglthe free
software, whose source code is open (Hexsel, 26@R)the
sake of simplicity, we designate herein CAD freeavais
Computer Aide Design programs with the above meaetio
licenses.

The use of CAD freeware presents several advantages

mainly in terms of cost. As in most of the develapi
countries, many Brazilian universities, mainly tpeblic
ones, faces the shortage of budged to maintairogated
CAD systems used in their subjects related to Eeging
Design Graphics. Even though that most of the coruiale
software has academic versions with discount, thdests
have limited access because the cost is stillivelst high
for them.

In this way, considering the possibility of usingAl@
freeware in the teaching of Engineering Design Gicg we
did a survey of the software. The Table 1 showsrésalts
of the survey.

Coimbra, Portugal

ANALYSIS

The analysis of the CAD software is carried outsidering

the content of the subjects related to Engineebwgign

Graphics. In Table 1, DeltaCAD is not freeware #nsl trial

version is used as reference for the comparisoa.software

QCAD is an open source GPL.

In this study, we based our analysis on the cositeht
the two subjects of Graphical Geometry and Graphica
Representation, which are good references on wated
course of Engineering Design Graphics in Brazit] arork,
respectively, with two-dimensional and three-dimenal
CAD. We divide the research in two parts. The fiose,
whose results are presented in this paper, is sisaly
concerning two-dimensional CAD freeware, aiming the
development of a CAD system that can be used by the
students to practice the basic two-dimensional CAD
concepts. The second part is the analysis of th® @Ad
geometrical modelers for three-dimensional repriagiems.
The works about the second part is being undertakdrwill
eported later.

After the survey and cataloguing of the freeware

available, the first step of the analysis is thalgshment of

the criteria for the evaluation of the functioniakt of each

CAD freeware. For this purpose, the essential CAD

software’s functionalities, which are required tagicing

the concepts and developing of the projects, agatified
and listed as following:

« Data input, including basic
systems, object snaps;
Commands for creation: line, polyline, circles, sarc
ellipses;

Commands for selection: select, unselect;

e Commands for visualization: zoom, pan, fit view;

*+ Commands for modification: trim, extend, chamfer,
fillet;

* Commands for manipulation: copy, move, mirror, scal

e Curves, hatch, and text;

Supported file format;

e Macros...

interface, coordinate

A checklist is then created to serve as guidanceh®
evaluation of each freeware. In total, 21 freewarere
catalogued and evaluated.

The results of the evaluation shows that the mgjafi
the freeware CAD obtained satisfactory score initms
such as data input and commands for creation and
manipulation. The data input of some software cdigddnly
made in relation to the last point. Undesirabl®eaccurs in
few programs when the manipulation command if agabli
showing some instability. Regarding the curves, feork
with b-spline and none presented the option to tcocts
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TABLE |
THE RESULTS OF THE SURVEY OXCAD FREEWARE

2D
Name Supplier Type of Site

License
A9CAD A9 Tech Freeware http://www.a9tech.com
CadStd John Apperson Freeware http://www.appersgpioaistd/
Delta CAD Cypress Software Trial http://www.deltelgam
DESI-III H. Marién Freeware http://users.pandorfibsi-iii/index.html
FelixCAD 5 LT GiveMePower Freeware http://www.givemepower.de

GmbH

Free 2Desing Think3 Freeware http://www.free2design
JustCad Jon Hoke Freeware http://www.justcad.com
QCad RibbonSoft GmbH  Open http://www.qcad.org

source
Solid Edge Free 2D UGS Freeware www.solidedge/itea®d/
3D
Name Supplier Type of Site

License
3D Canvas Amabalis Freeware www.amabalis.com
Blender Open http://www.blender.org

source
CADX11 GRAYTECH Freeware http://www.graytechsoftware.com/produatix11/index.asp
DesingCAD IMSI Trial www.imsisoft.com/faminfo.asg®h=2
DesingWorkshop Artifice Freeware http://www.axdicom/
Free CAD Aik-Siong Koh Freeware www.askoh.com
Google SketchUp Freeware http://sketchup.googie/download.html
Minos CAD 2.2 John Apperson Freeware www.le-bodm/downl.htm
My3DEngine i-compute Freeware www.i-compute.neigrtsMy3DEngine.php
Turbo CAD IMSI Trial www.turbocad.com
VectorEngineer Freeware http://www.vectorengineer.com/
WorkCAD CIENGE Trial http://www.workcad.com.br/ied.php?session=download_trial

parabola. In all of the freeware, the hatching fioms are
very limited: Few have hatching command, and insého
having the hatching command, only few hatching guat
are available or can only applied to regions whsisgpe is

very simple.

software were: DeltaCad, FelixCad and QCad. Therfiates
of the CAD programs are shown in Figure 2, 3 and 4.

The mini-lectures had duration of one 100 minukes.
each of the three above-mentioned CAD programsjné& m
lecture was applied. The application of the mimitlee

The commercial CAD software being used by EPUSPoccurred one month after the beginning of the eswging

Microstation, which has an excellent features far ¢reation
and manipulation of curves and a very efficientteys for
data input. Only one CAD listed in Table 1 presendata
input system and commands for the manipulationun¥es

that is almost as good as the commercial software.

Due to the limitation on availability of time andaxe to
carry out the mini-lectures, only three of the CAgrams

were selected for a further analysis by applyingniai-

lecture offered to freshman undergraduate studerits

course, because in that moment the freshman stidere
just being introduced to some basic concept aretfatte of
the commercial CAD system actually being used by th
course. Thus, they have no way to establish cosgaror
have some preferences influenced by the mastering o
specific software.

The procedure adopted by the mini-lectures wasakem
first a brief introduction about the software, thow the
interface and where to find the main commands. pda

EPUSP. The selection took into account the matchingxercise is solved and, after that, an exercisepn@sosed to

between functionalities of the software and theumesments
of the subject of Engineering Design Graphics. Fhtect

Coimbra, Portugal

the students. The proposed exercise is speciafigted to
make the students test, step-by-step, all of thanma
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functionalities required by the
following:

Commands of creation;
Commands of selection;
Commands of manipulation;
Commands of modification;
Other commands: zoom, curves, hatches and etc.

subject, as listied the

=8|
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FIGURE 2
INTERFACE OFDELTACAD.
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FIGURE 3
INTERFACE OFFELIXCAD.

In each step, the students were asked to give scor

about the software regarding five attributes asdesito

usability, based on that used by Cheng and Yamamoto

[7]:

learning and allow the beginner to master the too

quickly.

Efficiency: the program must be efficient so that the
user, after learned how to use the program, preshat
biggest possible productivity.

Low rate of errors: the program must have
verifications of the operations done the users \iligh
objective to intercept errors. When error occursnuist
allow easy corrections.

Coimbra, Portugal

n Modfy Snep Info Layer Block Window Scrpts Help
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FIGURE 4
INTERFACE OFQCAD.

Help documentation: the program must have a good
documentation to help the user.

Satisfaction of the user:the system must be pleasant to
use.

Beside the scores attributed for each item, inethe of
mini-lectures, the students were asked to makements

about the interface, the help documentation, satiigin, and

the
are

10

-

1

positive and negative aspects of the softwEne.results
shown in Figure 5 and 6.

— DeltaCad
— FelixCad
— Qcad

— Commands of creation;
— Commands of selection;

3 — Commands of manipulation;

Facility of learning: the program must be of easy 4—-Commands of modification;

P— Other commands.

FIGURE 5
THE SCORE OF COMMANDS

DeltaCad: the students commented that the help
documentation could be in Portuguese; the interface
satisfactory and functional through the tabs. The
program seems to be simpler to understand than the
commercial one used in the course.
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10

In a first analysis, it was concluded that theization of

CAD freeware is both valid and feasible to reacimeso
o — | didactics objectives.

= — — — The next step of the research is to evaluate the 3D
] || | | programs available. After this, the possibility infegrating
ik Imf Im N several CAD freeware to fully satisfy the requirernseof an
| || || L Engineering Design Graphics course will also beiedrout.
oL | | || ACKNOWLEDGMENT
1 2 3 4 5
The author would like to express their gratitudé-APESP,
_ DeltaCad which support this research by FAPESP Process He. 0
- FelixCad 59217-5.
— Qcad
1 — Facility of learning; REFERENCES
2 — Efficiency;
3 — Low rate of errors; [1] Andrade, V. L. V. X. de, “The Use of The New Teclogies in The

4 — Help documentation;
5 — Satisfaction of the user.
FIGURE 6
THE SCORE OF THE ATTRIBUTES

(2]

e FelixCad: the students commented that the help3]
documentation could be in Portuguese. Its interface
satisfactory as well as the software in generad, ius
easy to learn. The data input seems to have some
problems.

e QCad: according to the students, the help 4]
documentation is complete, detailed and of easy
understanding. The program is easy to work and the
commands are objective, the interface is very smpl
Some problems occurred when applying the commands

for modification.
[5]

CONCLUDING REMARKS

With regard to limitation of the budged faced bysnof [6]

Brazilian universities to maintain up-to-dated CAstem

for the teaching of Engineering Design Graphics, ilke of

CD freeware is presented herein as an alternadiveduce

these costs. (7]
In order to study the feasibility of using CAD fresre

in the teaching, a survey about CAD freeware wasiexh

out and it was found nine software for 2D projeatsd

sixteen designed for 3D modeling. The 2D ones were

evaluated considering the contents and the regein&smof

the subjects of Engineering Design Graphics of Bsco

Politécnica (EPUSP). As a result, three of them ewer

selected and further analyzed by applying minitdezs to

the freshman under graduating students. The mithidles

were consisted of a brief presentation of the @ogas well

as of its interface, with an example, and thenas wsked the

students to solve a proposed exercise using theaaf The

results were satisfying, and the students, in ggénenjoyed

the interfaces but made some specific complaintaitathe

programs.
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