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1. Introduction

Design Science has a great importance in Engineering Education, from the formative and informative
point of view.

The systematic way of proceeding, which is based on factorising the systems in functions and sub
functions, which can be controlled, and eventually modified, until a well defined concept is reached
(or a few alternatives) can be seen as a “funnel” (figure 1): in fact, after this stage, it is possible to
move to the embodiment phase, and then to the production phase.

NEEDS DESIGN
TASK

CONCEPTUAL

ﬂ ﬂDESIGN ﬂ, ﬂ

FINAL LAY-OUT/S
EMBODIMENT
DESIGN

Prototyping

PRODUCT

Figure 1. A scheme of the methodical design approach

Even though following such an approach might seem a time consuming activity, it actually represents
a very powerful tool which makes the occurrence of mistakes or the pursuance of wrong solutions



difficult, as well as being able to generate a great number of ideas, significant by increasing the
occurrence of “good ideas”. On the other hand, the most widespread industrial approach to solving
design problems, mainly because of lack of knowledge and market pressure, can be considered as a
double funnel, in which the starting point is already constituted by one or a few product schemes.
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Figure 2. “Traditional” Design approach scheme

Such an approach greatly influences the way of thinking of industrial designers and engineers, making
the distance from the academic approach very large.

Moreover, it is to underline that industrial simulation is difficult to run in academic settings because
teachers may have economic difficulties (it is indeed true in the Italian case) as well as having little
awareness of industrial reality.

The aim of the research work carried out is to build up a national interwoven group of design teachers
in order to promote design education during the whole cycle of academic studies, from undergraduate
courses to the courses dedicated to graduate engineers, i.e. spreading design experiences across all
years of study, implementing specific courses not isolated from one other as well as providing a point
of reference for those who are already involved in the industrial world, reducing the distance between
the academic “way of thinking” and the industrial one.

2. Evolution of the Engineering Design Knowledge

As shown by many authors in the field (among all Hubka, Eder, Andreasen, Busby, Roozenburg
Pighini, Ulrich, Eppinger), modern engineers have to acquire more and more widespread information
and knowledge which concern not only the traditional topics (i.e. Mechanics, Physics, etc.) but also
regard different fields, such as marketing, economics, psychology, law and so on.



Furthermore, the development of software and computer facilities brings people more and more to
informatic studies; but, even though the knowledge of such tools allow us to reduce time and
consumption of “resources” in many activities (i.e. calculation), on the other hand it also carries the
risk of belittling designers “natural” skills, for instance:
e the tendency to follow “short cuts” in finding solutions and problems solving, instead of
proceeding in a systematic and iterative way;
e the lack of knowledge about engineers language and rules, which makes the designers “weak”
in facing problems in different contexts from the ones they are used to operating in.
It is clear that in such a context there is a need for a deeper education in the Design field, which makes
students able to understand both prescriptive and descriptive rules of design language, in order to
increase their creativity and skill in problem solving.
It can therefore be said that a continual improvement of the learning process, which provides an
adequate training and understanding of what to do and why, is required.

3. Methodology

The first step in the design education is the determination of the objectives: in general, the objective of
each education action is the behaviour of the user (students) after such action, i.e. the “terminal
behaviour”. The terminal behaviour can be analysed in “concepts”: an “education unit” can transmit
each concept. Such a unit shall be constituted by an informative, a critical and an applicative part.

In particular, the approach followed by the Authors, consisting in simulating the design for the
development of industrial products following the principles of the Methodical Design approach: the
aim is both to facilitate learning from problems which designers have to face in the real industrial
world, and mainly to provide students (designers “in fieri”) with several guidelines which can be
applied in numerous different job situations, even though not properly as designers (as shown from the
experience of many ex-students).

3.1 Terminal Behaviour

In particular, the terminal behaviour of the designer could be assumed as follows.
The designer:

1. starting from the assigned function and requirements(if necessary, correctly formalized) of the
product;

2. using methods(such as Theory of Technical Systems, Design for X, evaluation criteria,
representation and calculation methods, updating ability) and means( such as computer
(HW/SW), materials, technological processes, components, standards, cooperation among
colleagues, technical documentation);

3. determining all the information (such as forms, dimensions, materials, tolerances) necessary to
realize an industrial product;

4. developing and analysing in the optimal way the requirements of a good behaviour of the
product in all phases of its life cycle, taking into account the “external properties” which
characterize it (such as assembly, packaging, transportation, performances, maintenance,
reliability, safety, environment).

Such terminal behaviour can be distributed in many study degrees, such as undergraduate, master and
PhD degree.

3.2 Formation Methods

The following steps could constitute the formation process:
1. Terminal behaviour analysis, with the aim of enlightening all the concepts to be transmitted;
2. Teaching unit, i.e. the part of information devoted to the transmission of each concept. Such a
teaching unit should be constituted by the following elements:
3. informative/critical part (“RUL”), such as traditional lectures, reading, specific seminars;
e critical/practical part (“EG”), such as exercises, simulations, case methods, role
playing, work experience.



The formation updating is very important, i.e. the Continuous Design Education (CDE). The
aim of CDE is to maintain the required terminal behaviour in the professional life of the
designer. The CDE can be of two fundamental types:
e autodidactic, i.e. personal and autonomous activity of the designer, such as newspaper
and books reading, conferences;
e cthero-didactic, i.e. institutionalised courses.

4. Applications

The design education has a great importance from the formative point of view also. It is important to
teach the design not only to the designers, but also to all industrial engineers. A good didactic
“design” of the design courses is necessary.

4.1 Design Education in Milan

At the Polytechnic of Milan, some “design education” exercises were done through the following

steps:

1.
2.
3.
4.

function (e.g. “press two wood sheets for gluing”);
principles/constructive solutions;

assembly drawings, with all functional information;

constructive drawings, with all information necessary for manufacturing.

In figure 3 examples related to the steps 2.), 3.) and 4.) for the above mentioned function are shown.

2. constructive solution 3. assembly drawing

%

4. constructive drawing
Figure 3. Student applications at the Polytechnic of Milan

4.2 Design Education in Rome

Since 1995-1996 a specific course completely dedicated to the matter of Design Science has been held
at the University of Rome “La Sapienza”. The course topics are based on the methodical design theory
[Hubka & Eder, 1988; Pighini, 1994] and provide the analysis of Strategic and Tactical Design Tools,
as well as several seminars held by international and national experts and researchers.



In the ambit of the course students are required to carry out a project that consists of designing a
mechanical system following the rules of Methodical Design and using the most common design tools,
depending on the specific task assigned (in figure 4 and 5 some examples of students applications are
shown). Recently, the Design Science principles have also been introduced in higher level education,
in the ambit of courses for graduate and working people.
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Figure 5. Student applications: Fault Tree Analysis



4.3 Results

Results obtained in the last years have demonstrated the following advantages:
e creativity improvement(the students have found a great number of innovative principles and
constructive solutions: of course, not all are industrially feasible)
e cxpression synthesis of all functional and constructive information.

5. Conclusions

On the basis of the great attention paid by companies’ research centres and public bodies’ research
departments to Design Science in recent years, it is becoming a fundamental topic both in university
and in post graduated courses. In Table 1 the schedule of courses dedicated to Design at Polytechnic of
Milan is listed. The research work carried out, based on the experiences made both at the University of
Rome “La Sapienza” and at the Polytechnic of Milan, highlighted the following topics as further
developments in the field of the Design Education:

e the idea of a possible “terminal behaviour” of the designer;

e the distribution of the contents corresponding to such terminal behaviour in two or more

courses in the engineering curriculum;
e the importance of updating such terminal behaviour by the Continuing Design Education.

Table 1. Courses dedicated to Design at Polytechnic of Milan

Location Course Contents

2" or 4th semester Machine Design -fundamentals of design methodology
-representation and modelling

-machine elements

6" semester Methodical Design | -complements of design methodology
-complements of modelling (RE, RP, RV)
-application to complex mechanisms

CDE Design -updating of product development and evaluation
Methodology for -updating of DfX theory

g;%ﬂ;ise'fs”a' -solution to given design problems

References

Andreasen, M. M., Hein, L.: Integrated Product Development. Berlin, Springer-Verlag, 1987

Biggioggero G. F., Fargnoli M., Hubka V., Pighini U.,, Rovida E., “La progettazione come scienza”,
Progettare, n. 270, September 2003, VNU Business Publication Italia, Milano, 2003.

Biggioggero G.G., Rovida E., “Methodical design as way to improve students creativity”, International Design
Conference Design 98 Dubrovnik 19-22 May, 1998.

Busby J. S., “Why designers don’t learn effectively from feedback”, Proceedings of ICED 97, Tampere, 1997,
Eder W.E., "Designing as an Educational Discipline”, Journal of Engineering Education, Vol. 1, n.o 15, 1999.
Fargnoli M. - “La progettazione di prodotti sostenibili”, Progettare, n. 268 June 2003, VNU Business
Publications Italia, Milano, 2003.

Hubka V., “Scienza della Progettazione” (translated in Italian by U. Pighini), Edizioni Masson, Milano 1994.
Hubka V., Eder W.E., “Theory of Technical Systems”, Springler-Verlag, New York, 1988.

Hubka, V., Eder, W.E., "Engineering Design", Ziirich: Heurista 1992.

Pahl G. and Beitz W., “Engineering Design — A systematic approach”, Springer,London, 1996.

Dr. Eng. Mario Fargnoli

University of Rome “La Sapienza”, Department of Mechanical and Aeronautical Engineering
via Eudossiana, 18 , I — 00184, Rome, Italy

Telephone: (+39) 06-44585236, Telefax: (+39) 06-4881759

E-mail: mario.fargnoli@uniromal..it




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


