through techniques such as water cutting, laser cutting or even milling. Assembly is realized by . sticking, fusion or locating. In order to save up materials, an optimization is done to select the most adapted cutting plan. Almost ail solid materials can be used in stratoconception. Moreover, as conventional machines are sufficient, large 3 Dimensional prototypes can be made.

The techniques presented so far are ail based on matter adding. They are the most common methods used to realize, in a brief period, complex prototypes.

Let us just mention here that an other way to make prototypes consists in removing matter. Techniques such as high speed machining or hot thread cutting . are also widely used in industry .

Application to Rapid Tooling

Up to now, the techniques we have exposed are most of the time unable to make prototypes in the same material than will be the final product. This is not a problem when controll�ng characteristics such as geometry, volume, aspect or parameters like aptitude to be machined or accessibility and modularity for maintenance but very often prototyping requires to be able to validate other properties of the product.

Most of the time, features like mechanical or thermal resistance, ability to be integrated in a given context and to be assembled or faculty to run properly in a nominal mode of use. must be checked before industrialization and serial tooling realization.

Rapid tooling techniques allow to make prototypes that will make easier those validations i.e. in a material identical to the final prrn:luct or very similar on the ground of the characteristics to be controlled. Furthermore, rapid tooling is very• useful when several parts must be tested to carry through the validation process (when using destructive control fol'. instance). Most of rapid tooling techniques enable to realize a number of products superior to unity. Finally, beyond the product validation, the serial realization mode requires to be controlled to verify its capacity to deliver conform products in term of qùality and cadence as prescribed in the specifications. Sorne rapid tooling methods make possible this form of validation. More precision will be found in [6].

QFD

The purpose of this paper is not to remind the establishment rules of the quality matrices which are the basis of the QFD method. We advice the reader to refer ta [1], [2], [3] ta find more precision on the topic

The bene fit of using QFD in this field is clearl y linked to its capacity ta deliver parameters guiding the decision making. The abundance of processes we have described on the previous section requires when using or even better when deciding to purchase resources, to think about its adequation with the real needs of the company in the field of rapid prototyping [7]. Taking the decision is not easy and the QFD methodology we propose here, aims at simplify somewhat tht: problem by proposing a way to quantify the appreciation level of the different processes respect ta the required functions.

According to the product typologies and the class of validation, functfons delivered by the rapid prototyping process are as many as diversified. A short list of the main functions characterising the real expectations in rapid prototyping terms is coming next. According to the context, the rapid prototyping machine will be used to ✓ F 1 : Improve reactivity with respect to market fluctuations ✓ F 2 : Help creativity and development of new concepts in design ✓ F 3 : Simplify communication between customer and supplier ✓ F 4 : Optimise the integration of the product in its environment ✓ F 5 : Anticipate fabrication, maintenance, contrai or conditioning problems ✓ F 6 : Make rapid tests on the product to verify some of its characteristics (ergonomie, aerodynamic, ... ) ✓ F, : Form a part which will be used as a pattern in order to make a tooling in a very short time ✓ F 8 : Manufacture directly a mold for plastic injection or metal casting

Respect to these functions likely to be delivered by the process, we propose the deployment of consistent technologies able to satisfy the requirements. The processes we will consider here are those. we have been talking about so far.

Namely:

✓ A first matrix (Cf. Table 1) called technology deployment matrix is used to connect the different processes P; and the main_ functions Fi they allow to satisfy. Consequently, the dimension of the matrix will be i.j. The cells that make correspond P and F are filled with a mark X;i revealing the aptitude of a process i to deliver the correspondent function j.

Marks can be 9, 3, 1 or O according to the strength of the relation respectively large, medium, weak or null.

•

Let us precise immediately that the matrix is wanted to be realistic. Although it has been built on our large experience of rapid prototyping techniques it is nevertheless the result of subjective considerations proper to the principles of QFD notation. At this Jevel, the signature of each process reveals its capacity to fit the different functions as we can see on Figure 1. The global performance of a single process is obtained by adding ail the values of the corresponding column in Table l.

Performance repartition on the different fonctions reveals. the process polyvalence• which can be expressed by the calculation of the mean and the variance of dispersion on the various functions. The horizontal summation characterises the potential of response to the considered fonction by the integrity of rapid prototyping techniques.

However, acquisition of a rapid prototyping process is often motivated by a polymorph and plurifunctional need. Difficulty then lies in the research of a compromise giving an optimal satisfaction level on the desired functions. Investigation carried out to find the best process can be helped by using the QFD matrix represented on Table 2.

Entries of the matrix are the same as previously but a column is added and filled with a coefficient K representing the relative importance I of each function related to the relative weight of the process In the example Table 2 the selected values representing the relative functions importance are ail deliberately non valueless. In this case, the user would run the rapid prototyping resource he owns to satisfy the 8 main functionalities we have already presented. Most often, the first ponderation is the result of a value analysis carried out on the branches of a tree released by a functional decomposition.

The roof of the quality house inform on the compatibility between technologies. According on the strength of the compatibility which can be strong, medium, weak or null, the cell positioned at the intersection of the two compared processes is filled with the letter S, M, W or N. It is obvious that incompatibilities appear but the diversity of processes allow various combinations. It seems rather logical since overlapping between functions satisfied by each technology are not many as we can notice on Figure 2 where 7 of the 8 elementary surfaces relative to the efficiency zones of the different technologies are visible. Figure 3 shows for instance that rapid prototyping contributes indeed to amplify the fonction of "creativity" but in a smaller proportion (50%) than interest brought by rapid prototyping techniques on the fonction "anticipation". The same observation can be made on the fonction "integration" for the sensitive nature of used materials contrasts with the characteristics required to integrate the prototype in technical environment mechanically solicited.

We will not explore forther this track since the reflection is oriented around the methodology of technological comparison and not around the technologies themselves. 
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 1 Figure 1 : Technology signatures
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  on the considered function: K = �. The new ,c., X ;j matrix values are pondered with these coefficients: X;, = K r X ij 'il i, 'ïlj .
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 2 Figure 2 : Signature of functions fulfilled by RP Taking into account the whole techniques, the potentiality of a fonction to be satisfied differ according to the considered fonction.
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 3 Figure 3 : Capability to satisfy function

Table 1 : Technology deployment matrix
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Table 2 : QFD of RP technologies
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CON. CLUSION

The purpose of this paper was to focus on the bene fit of using the QFD method to choose a rapid prototyping technology. After having introduced the technologies, the approach implemented consisted first of ail in identify the main fonctions corresponding to the most frequent services required from a rapid prototyping mean.

These fonctions were deployed on technologies and quantified according to the response brought by each individual technology on the considered fonction. The results can be used directly for a single fonction use.

Then, the expression of requirement was taken into account by the way of a matrix making appear a double ponderation. The calculation of the corresponding coefficients allow to simultaneously ponder importance of one technology respect to the other on a given fonction and the value of a fonction respect to the other on a determined technology.

Methodology remaining unchanged, user will be able to manipulate this kind of matrix to select the most suitable rapid prototyping resource to the need he will have expressed.
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