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Abstract
The state of the art of some technologies thatamesed to accelerate the product
conception and development step is analysed.
CAD and Reverse Engineering technologies thatmugayed in the first phases of the
development process have a significant influencehertime consumed to produce
prototypes for customers' approval. The integratibhaptic interfaces in CAD
systems, which at present state are already cgpsnlimit of commercial viability, is
an extra advantage to shrink the development pbfegs@&ew product.
The advantages of integrating these technologiéseiproduction cycle are
demonstrated using, as an example, a shoe brangtany, that after adhering to the
new rapid product conception and development tamigroved it productivity and
capacity to produce functional prototypes in redutees, resulting in an increased
company credibility and acceptance at internatiteag|.
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LOOK AND FEEL, CAD SYSTEMS INNOVATIONS

Introduction. The prototyping activity is a fundamental stagehef design iterative
process. Nowadays, prototypes generation stantorg the concepts is intimately
linked and dependent on the evolution and perfoomah CAD applications and
inverse engineering. Manual prototyping is a tiaddl practice that was already known
several centuries ago. In manual prototyping, ithe tequired to make prototypes
averages four weeks (Chua, Leong & Lim, 2003)hinrniddle of the seventies, the
virtual prototyping started to emerge and the dedraard the complexity of the
prototypes increased significantly. Geometric, fiomal, assembly, resistance,
kinematics and other analyses became possiblefiorpewithout the need of
manufacturing physical prototypes. The developnoéttie solid modelling in the
eighties and the emergence and commercialisatitimeatapid prototyping equipments,
since 1988, provided the production of high comityeparts due to the versatility of
the layer construction addictive techniques (F)gThese new tools demand larger
modelling, edition and simulation capacity, anddianeously a better answer speed

and accuracy of the CAD software and virtual prgiotg.

According to Metelnick (1991), presently the pats three times more complex than
the ones produced in the seventies, and fabricafiphysical models lasts, on average,

about 3 weeks (Metelnick, 1991). The great proge#s the polymer parts injection
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are a paradigmatic example of this evolution. Tedtion process allows the
conjugation in a single piece previous assemblypmsad by several parts. This
includes several functional components, for insgasprings, fasteners and snap fits to
adjust the moulded part to other components. Theevghll container shown in Figure 2
works as a reservoir composed by a positioning fihapreturn spring, a stop device
and a feeding nozzle, allowing the extraction efrayle pill, simply by applying the

pressure of a finger.

Figure 1 - Computer resources and the related tdohes have a growing active role
in the product development process concerningreasiction and the time to market.

Figure 2 - The easy processing of complex partslaadreat polymer flexibility allow
the production of single parts with multiple furmets, drastically reducing the number
of components to be assembled.

In this communication the innovations and the tewdess in the CAD applications,
seeking the shrinkage of the product developmetqss are analysed. The promising

haptic interfaces and a case study of a shoe congrarincluded to enhance possible

directions in the field of innovation.

CAD Applications

CAD applications are in the origin of the new enmeggechnologies focused on rapid
product development. The introduction of the CADlagations in the companies is
conditioned by the acquisition and operation coste virtual modelling with
conventional graphical user interfaces (GUI) densaspkcialized competences and

experience of the CAD operators. On the other hdmednew market tendencies require
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more complex products, at competitive costs andaed time to market. In this
context, a specific version of CAD has a shortgenf competitivity, typically 6

months to one year. This is a result of the cowtirsupressure to optimise the CAD
systems performance, which at present state, atséal in the improvements of the
user’s interaction, like larger modelling speedqyazity to generate complex geometries
and freedom to geometric edition.

Although the great achievements in recent years) Géftware manufacturers still need
to improve the capacity to generate repeated elesnsuch as the textures. In general,
these textures are optical illusions (bitmap saagoiver the surfaces of the model),
because the conventional software does not haveaiecity to replicate such textures
with a three-dimensional structure.

Another limitation is related with the incapacitfymodelling parts with functionally
gradient materials (FGM), because most of the CAay@mms belong to the B-rep
modelling type. That is, the representation ofgaemetry is just defined through the
outline, being empty the inner and the outer spads in the surface or solid modelling

(Hopkinson, Hague, & Dickens, 2005).

Another way of reducing the time consumed in theDGAodelling is the growing
development of CAD software dedicated to specfifipli@ations, as for instance, the
Invisalign, for dentures alignment, the CCIM, fat@matic generation of moulds, and

the Materialise, for tools design.

A STL file, that is a standard file format for rdgrototyping equipments, consists of

triangular facets, representing the outside surdheepart. This way, the accurate CAD
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model becomes an approximated facets model. Angthece of problems in the
conversion of the CAD files to STL format is thesahce of topological data. The
commercial algorithms used by the CAD programmensl to generate mistakes such
as: missing facets (holes and cracks); overlapfziogts; degeneration of facets
(collinear edges), and topological single condgi¢@Ghua, Leong & Lim, 2003). These
conversion problems demand verification and cordf@TL files in specific repairing
software; otherwise, the final rapid prototypingdets could not be obtained or be
embedded with several defects. Until the presepairing STL files is a time
consuming task. To overcome this problem, diffeferthats have been proposed,
however without considerable success. ISO 103@3,itis the standard for the data
transfer of the product model (STEP), it does mobeace the layer addictive
manufacturing. Considering this, new standards h&en developed to simultaneously
cover the RP, RT (Rapid Tooling) and RM (Rapid Maeturing) processes. It is also
important to define the representation of heteregen objects in a standard format
since the layer manufacturing processes only allmwsposition and material

variations in the same object.

Integration of Tactile and Haptic Interfaces in CAD

The aim of the virtual prototyping is the accursiteulation of the reality, in order to
become a competitive alternative to avoid the luigts associated to the physical
prototyping. This implicates not only a realistiswal representation of the objects, but
also the simulation of sensations and haptic belasiassociated to the virtual parts.

Recently, tactile and haptic interfaces have beasmldped, bearing in mind the
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answering to this subject. Tactile and Haptic liatees (HCI) are devices that allow the
users to get tactile sensing and force-feedbadhrteract with virtual environment. An
HCI comprises: position sensors or detectors; ndchhactuators, in a robot that
applies forces to the human body to transmit inftram. The interaction with the
virtual object generates forces and vibrations #natcalculated in real time and are
characterized by a bi-directional nature. Thesed®ican be constant or variable in
intensity and direction and generate effects basetime (pulse, ramp and vibrations)

and on space (ex. wall, spring, damper, inertietidn) (Chen & Marcus, 1998).

The most widespread applications commercially atéél are limited to the offer of
only tactile sensations in 1 or 2 dimensions, &stite case of computer games and
general computation. The interfaces include desces as special joysticks, steering
wheels and computer mice (ex., I-FORCE technologythe FEELit mice from

Immersion Corporation and WingMan Force Feedbaderfriom Logitech).

The great challenge of the HCI implementation inBCgystems is the interactivity with
the geometry in real time, to generate dynamic kitran and to have interface control.
The necessity to simulate forces and to generatees in real time constitutes a
complicated technical problem due to the necess$iggmulating force-feedback
sensations in multiple dimensions. For this reamhaptic models demand a much

larger computation capacity than the graphic coatpant software.

A 3D virtual object must generate feedback ovee@rées of freedom for users to get

linear and rotation sensations. In these applinatioshere the sensation of 3D position
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and reaction is demanded, the usual interface isrmmabzed in a finger thimble and
pen-like stylus. In the case of being demanded motaual sensibility, that includes the
grasping activity, the interface consists of a glawith embedded sensors in the fabric

or with transmission through an exoskeleton stmectu

The usual 3D interfaces involve hand controlleet tepresent information over a
maximum of 6 degrees of freedom and are limitea $ecretary's space, although
generically is concerned to any force applied iy part of the body.

The SensAble Phantom (SensAble Technologies) &ptddevice (Figure 3) that is
been successfully used in commercial CAD solutfionsouching and directly
manipulating virtual objects as easily as a lumplay (Hollerbach, 2000; Evans,
2005). It is an innovative device that contributasa great progress of the haptic
interfaces based applications. According to theufaiurers, it is a truly 3D interface
with force- feedback, that allows designers andpsate modellers to use the tactile
sensing to quickly convert mind images in 3D modé&®ls as The Open Haptics
Toolkit of the FreeForm system (SensAble Techn@sgpermits to add tactile sensing
and true 3D navigation to a broad range of apptinat including 3D design,

modelling, medical, visualisation, entertainmemings and simulation.

Figure 3 - Haptic device for virtual sculpting (Pb@m Omni).

With Phantom, the finger position of the user i@ 8D space is recognized by the
interaction between HCI and the computer. The fiqgesition is determined by 3
sensors and is transmitted to the computer thapaoss it with the borders of the

virtual objects. If the finger is moved away frohetobject, the calculated force is zero.
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If, on the contrary, it is in contact with the otljethe computer calculates a force that
pushes the finger back to the surface. This fa@enerated by 3 DC-motors. This
control loop (Fig. 4) is repeated with a kHz freqoye (Thompson, Nelson & Cohen,

1997) and the high resolution of the encoders afigw high degree of realism.

Figure 4 - Control loop schema.

The dynamic interactions between the haptic interfand the object surfaces, such as
contact forces, attrition and textures can be dexbby the measurement of these
superficial properties in a real environment artdrlantegrated or simulated in the
virtual environment (Hollerbach, 2000; Swindellsakgéakof, MacLean & Chung,
2005). A model for haptic rendering based on thasueement obtained in real

environment is then created.

The Phantom pen also operates as a 3D modellimgaitmving the edition of the
virtual model. The graphical and haptic interfaiceéegrated in a CAD system are user

interactive, as shown schematically in Figure 5.

Figure 5 - Interaction between CAD/HCI system amaluser.

Although the conventional CAD systems provide diséa visual representation, they
do not allow the manipulation and the interactiebn®en the mechanical elements in a
realistic way. It is estimated that CAD/HCI systeraduce the need for physical
prototypes to evaluate interactions, assembly easiand functionality. Other possible

advantages are concerned with the manipulationiriofal mechanisms, because the
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cinematic and static studies and the evaluatiquoténtials collisions in the workspace

can be significantly improved.

In relation to the conventional CAD, the manufaetarestimate an appreciable
reduction in the product development time and actdn in the design and
manufacturing costs. In the shoes industry (shteskthere are published studies that
estimate a 60% time reduction in the medium cyotdahe transformation of a 2D

drawing in a production model (“Throw away the ¢|&3003).

The gloves like CiberGlove, CyberGrasp and Cybechdimmersion Corp.) represent
an exoskeleton that allows the simulation of exdeoontact force-feedback and
internal grasping forces. The high cost and thepterity of the multiple fingers
systems had been limiting their development andempntation, and just strong
companies, like Boeing and Ford, have been incatpw these haptic systems to

reduce the product development costs and to imptevénal product quality.

The actual haptic interfaces are facing operatrahwaorkspace limitations (Hollerbach,
2000). Desktop's interfaces possess a workspagecwafined and they are still far
away from simulating the natural use of the arntslags. A portable exoskeleton
would still need auxiliary controls when is movedat new place. Another problem is
that the exoskeleton will originate unknown foreedback against the body, unlike

what happens with the fixed interfaces.
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In 1995, Burns stated that, in a close future, asiens with 2D display will be replaced
by 3D displays’ computers with digital sensing awite input, that allow the designer
to sculpt the desired geometry in the air witHiiigers. In reality, these new CAD
systems based on haptic interfaces seem to bst atip in that direction. Based on the
visual and haptic control of the virtual parts pd®d by specific interfaces and on the
growing autonomy and performance of the RP tectyied this enthusiast of these
technologies still believes that RP will becomesamancipating technology for thes21
century. This offers to mankind the freedom to tzeen the same way as the book was
in the 19" century or the automobile was in thé"2&ntury to the freedom to learn and

the freedom to travel, respectively.

A Case Study —Shoes Company

The Clique Shoes is a Portuguese company thatdesdirecting its activity to the
shoe prototypes conception and development. Thmgaay acquired a noticeable
projection and competitive advantage in the inteonal market, thanks to the strategy
of applying rapid product development methods baseimhnovative technologies. It is

a small company, with a considerable dynamic demnatesl by the 960 shoe prototypes

produced in 2005.

Soles modelling is performed with a surface andisobdelling software combined
with a tactile and haptic system. In this last agpion, the sole modelling process is
done starting from a plant or digitalized last (3Dhe graphic environment is merged
with a tactile and haptic environment materialingth the Phantom Omni device that

allows to touch and to manipulate the model ofinial sole. In complex surfaces
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models, the company designers state that thismysigmificantly improves the
modelling process speed. The STL files do not meecection, which also contributes

to shrink the sole development time.

A conceptual sole prototype is produced in a ZCafpon rapid prototyping equipment,
that later is converted in a polyurethane functionadel, produced in silicone moulds
(Fig. 6). The conception and design of the uppanisctivity predominantly manual,
whose main stages are schematically shown in Figufée final shoe prototype is
obtained by joining on the last the 2 componehis sble and the upper. The shoe
prototype is now ready to be sent to the custowreapproval. After approval, the
company appeals, in general, to the contract afiafieed companies to ensure the
mass production (Fig. 7).

Figure 6- Conception and prototypes development stagesdtligue Shoes
Company.

Figure 7 - Production and development of the sirad model.

The medium time consumed to produce a final prpig about one week, however,
under urgent requests, the company assures talleiso produce them in one or two

days.

Conclusions

In the last decades, the growing support of teauichl resources has been facilitating

the complex tasks that designers and technicdlestablled in the product development
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face in their creative work. The global market dadsmadded competitiveness and short
life cycles, resulting in products of higher quakind technically more advanced and a

drastic reduction in the development times.

The continuous development and accessibility tBMD&AD programs, associated to
the new technologies of rapid prototyping and rdapaling, combined with the inverse
engineering and high speed machining are nowadayafmental to give a fast answer

to the new product development process.

CAD software and data acquisition resources tratranluded in the inverse
engineering are the first stages for product dgoraknt based on modern digital
technologies, frequently, are time consuming andatel specialized human resources.
In general lines, the main challenge for the ingasion in this area is related with the
creation and development of intuitive and flexilieerfaces that simulate the visual and
physical realism of the parts. The interaction leetwgraphical user interfaces (GUI)
and haptic interfaces (HCI) allow joining, touctdansion, enlarging the multimodal
experience and improving the quality of the humawhine interaction. However, the
new HCI still just represent a weak approach ofttiman sensibility to the touch. At a
professional level, it is believed that HCI can trilnute to improve the performance of

technologies as CAD, CAE, animation and other caempoased applications.

The example of the Clique Shoe company, that coeshénstrategy of a good resources
management with the introduction of innovative noeithand technologies in the shoes

development process, shows the right directiortferPortuguese industry to compete
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at the design and innovation level in the globatketand therefore to get the control of

the whole productive process.
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Figure Captions

Figure 1 - Computer resources and the related tdobes have a growing active role
in the product development process concerningregkiction and the time to market.

Figure 2 - The easy processing of complex partslaadreat polymer flexibility allow
the production of single parts with multiple furets, drastically reducing the number
of components to be assembled.

Figure 3 - Haptic device for virtual sculpting (Pb@m Omni).

Figure 4 - Control loop schema.

Figure 5 - Interaction between CAD/HCI system dmeluser.

Figure 6- Conception and prototypes development stagesdCligue Shoes company.

Figure 7 - Production and development of the siad model.
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Figure 1 - Computer resources and the related tdohies have a growing active role
in the product development process concerningreasiction and the time to market.
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Figure 2 - The easy processing of complex partslaadreat polymer flexibility allow
the production of single parts with multiple furmets, drastically reducing the number
of components to be assembled.
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Figure 3 - Haptic device for virtual sculpting (Pb@m Omni).
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