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SUMMARY





The Department of Electrical and Electronic Engineering at the Fontys University of Professional Education in Eindhoven, The Netherlands, offers a course which is being developed around the principles of Concurrent Engineering.


From research we found that in general students are not completely aware of aspects of cost-effectiveness but they are fully oriented towards technical problem solving. In order to improve on this aspects, we introduced the framework of “design to cost”: learn to choose the right tools, concepts and technologies in a way that successful products can be designed and developed.


This second edition of the course, based on 'design to cost', showed to be very successful and was strengthening our self-confidence. So in the third edition we started to work together with the regional industry.


The companies paid for the development and, this money is used for intensive group coaching by tutors and specialists. It turned out that the contacts with the industry proved to be a very stimulating factor for the students. Working together with industry raises the quality of the education and it proved to be an excellent preparation for the final thesis period of the students.
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1. INTRODUCTION





Technical education is commonly based on specialized courses on different topics. In such a course a teacher may operate independently from colleagues or even from other courses. As a result technical students are trained to solve (technical) problems only in relation to a given course. Only rarely students are educated in solving a problem  in a broader  and multi disciplinary view. As Turino [4] defines: Concurrent Engineering (CE) stands for pulling down the walls between the departments. In doing so teachers must cooperate and communicate with teachers of other disciplines; this yields more work (meetings), more planning and raises more problems with the assessment of the students’ progress. So it does not surprise anyone that CE is not common in education yet.





On the other hand: companies ask for well trained people especially in concurrent engineering. Océ-van der Grinten (development and production of copiers and printers) states: people applying for a job at our company are in a better position to get that job when they have been trained in concurrent engineering! This industry statement is one of the reasons why we put effort in introducing CE in our programs: companies ask for this knowledge and experience from their new employees. 





When we started the CIM-courses in 1988 we were mainly focused on very specific and mono-disciplinary courses. In the center, there was the 'Product Creation Process' (PCP) from design to manufacturing. But we also introduced an additional integrated course 'Business Automation' that was based upon CE principles. In this paper we highlight the evolution of this course: we will show the progress we made in the second version and we will describe the improvements we still want to make in the future.








2. EXPERIENCES WITH THE FIRST COURSE





Over the first 5 years, over 100 students were participating in this integrated course. For evaluation purposes, we used the results of 13 groups of 5 students, each group carrying out the same design: a coded lock. These data are very unique: it does not often happen that there are figures available to analyze a development process! In industry there is no time for an evaluation of the design process. When one project is finished the other has already started up! But these data also entail a rather unique data base to quantify to some extent the benefits of a Concurrent Engineering course [2].





There are 5 main conclusions to be drawn: 





1. There was a rather short 'time to market' ( 15 weeks for a product of medium complexity ). Apparently, CE allows monitoring and control of the development progress. 





2. The cost price of the products of the various groups show a large variability (figure  2).  
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	Figure 2: cost price of 13 design groups on same task





Despite the same initial specifications, the final designs of the groups and the corresponding cost prices differ rather strongly. Reasons are differences in final functionality, and in the techniques, materials and processes that were used.





3. The cost price did not seem to stabilize during the design and production process. Undoubtedly that teams are eager to minimize designing costs. However, they expose an inadequate insight in financial consequences of their decisions. Often, early mistakes had to be set right afterwards by means of expensive solutions.





4. New incoming groups did not achieve a better (lower) cost price over the years (figure 3). Apparently they are lacking the experiences of previous students ( a learning curve ).
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Figure 3: time course of the average cost price





5. The integration of systems (CIM) helps to reduce the time to market but it is not leading in a CE team. People do the work and if the  cooperation in a team is bad, then the resulting product will not be of a maximum quality either. 





In general we have the impression that our students are not completely aware of aspects of cost-effectiveness but rather fully oriented towards technical problem solving. On the other hand, the CIM environment at the moment does not supply them with the necessary tools for cost control. But one general statement is made by the students: it is a hard job, but we like it very much! From questionnaires sent to students after their graduation we learned that this course was the one which resembles the industrial environment the most!








3. IMPROVEMENTS ON THIS FIRST COURSE





Looking at these results it was necessary to improve the course. There were two main issues to solve:





the evolution of the cost price during the design process should be better controlled


the final functionality of the product amongst the groups should be more alike (they all started with the same specifications!)





For this purpose we developed a framework around concurrent engineering. We called this framework: “Design to Cost”. During the development of a product, the price is not the only issue. Research in de United States [5]  showed out that three items have a strong influence on the development of a good product:  


time to market


product quality


product costs


These three items are related: improving one of the items  is only possible as the other (one or two) will be less. These three items are known as : “the triple constraint”. If we should put the emphasis only on costs we would have serious problems with the quality and the time to market of the products we develop. 


The development process which is based on the triple constraint and the use of the specific tools, concepts (e.g. CE) and technologies for that process is called  by us: “Design To Cost”. So the new course is based on the Design to Cost framework. “Design to Cost” in our new course means: learn to choose tools, concepts and technologies in the specific development situation in a way that successful products can be designed and developed. 





Based on this approach we came to the following set of  improvements of the course:


we start with a “real” multi disciplinary team


we introduce techniques to improve customer focus


we emphasis cost control: we give information on prices and a method for the calculation and prediction of prices.


All this research and development of the new course was possible with the help of our Integral Product Automation (IPA) research center. The aim of this IPA research center is to combine the education of students and to help industry with processes related to the Product Creation Process (PCP). In other words: we work together with students in order to improve the processes of industry.








3.1 Multi disciplinary teams





As stated before we worked with multi disciplinary teams, but they were more or less fake. All students were from the same CIM department and chose a function which they liked best (as marketing manager, production manager, etc.). Unfortunately they did not have much education nor experience in the chosen function. 


That is why we arranged teams with members from all over the Faculty. We now work with students (in their graduation year) from the following Departments: Department of Information Engineering, Technical Physics, Mechanical Engineering, Electronical Engineering and Commercial courses. By working in this way we created a team which looks realistic in all aspects of development: each member now contributed in view of his own interest and education.








3.2 Improving customer focus





One of the conclusions of our research was that the products differed in functionality. Reason for this: lack of customer contacts, problems with translating customer requirements (functions) into technical components, etc.





Introduction of new tools, concepts and techniques helps to avoid these problems. At the moment we work with customer focus, strategy definition, Strength/Weakness & Opportunities/Threats analysis, interviewing techniques and Quality Function Deployment [6]. 








3.3 Items to realize cost control





The biggest problem of our technical students is their cost unawareness. Most of the students are pleased with a technical solution which solved their problem. Mostly they were not concerned about the production costs of the designed function. That is why the teams also have to focus on ‘produceability’. At one hand it reduces costs when during development much attention is paid on the produceability of the product under construction. On the other hand we achieve a reduction in time to market when there is no recurrence in the development process. Therefore design for X (DFx) is a frequently used technique in our course!





Value engineering (VE) and value analysis (VA) also contribute to organize a  better relation between the product under development and the voice of the customer. These tools are mainly introduced to focus the developers on the customer and to make them think in functions rather than in technical solutions. VA/VE also contributes to achieving a better cost price.





In our opinion raising cost awareness is very important in education. Therefore we introduced -besides the already mentioned DFx and VA/VE- the following elements of cost control [1]:





cost calculation: 


there is an Activity Based Costing database and calculation program


cost estimating:


we request estimated cost prices during the design period and a comparison with the target cost price


we ask targets on turn over


we also demand targets on cost prices and retail prices





Most of the work in the team, regarding the cost aspect, is done by the students from the Business Engineering Department. But by doing this they bring cost awareness also to the other (technical) members of the group. Development of products is now much more than looking for a technical solution. One solution is not enough! One should come up with many alternatives, including cost estimates, so that a better choice can be made!








4 THE SECOND CE COURSE AND RESULTS





We experienced two years with internal projects as previously described. During that time we learned that these teams were able to develop quite difficult products in about 15 weeks. By also using target prices for retail and cost price we achieved an improved motivation for cost awareness. 


The role of a lecturer has been changed into that of a tutor of a group. He evaluates the group processes with the groups and he advises, when asked, on technical issues. The time needed for working with these groups in this manner, is much  more than in the (original) situation that a lecturer just would give lessons and a practical assignment. 





In evaluations we felt that such teams could do more than just an internal project. We now work together with regional industry to develop products for companies! On average we have two or three teams working on the same assignment. So in the end the company has two or three possible solutions for their problem or two or three prototypes for their new product. That is of course a very nice offer: your problem will be tackled by two or more  multi disciplinary teams and in the end you can choose a suitable result out of the three results presented! Normally one would always like this kind of development competition: which solution is the best? Unfortunately this way of working is too expensive for a  regular development department. So a strong relation between an institute like ours and industry is a real win-win situation!





To give you an impression, we now work on the following topics: Design of the electronic control of furnaces (40 - 100 meters long) in such a way that the control will be independent of the type of furnace and that it can be easily configured instead of designed and engineered (GEMCO Furnaces); 


Design of a system in a way that video (security) material can be digitized, compressed, sent over a 64 Kb link and displayed in a central control unit. In this project we work also together with the University of Technology at Eindhoven (Video Alarm Services).





We use the modern communication systems to share information with the companies we work with (internet, email). But on the milestones, representatives of the companies are present to discuss and give feedback to the teams. In these reviews the technical people of the companies are there. We also prepare (once or twice) feedback sessions to the management of the companies involved. The teams give a presentation on the status of the project and the expected developments to come. Doing this we even put more pressure on the cost awareness. This is just what we aimed at!


5. CONCLUSION AND FUTURE DEVELOPMENTS





We presented an overview on the evolution of a course towards the principles of  “Design to Cost”. We also introduced the participation of  external development assignments which gave a lot of satisfaction. From the evaluations we concluded that the students are eager to join these courses. We also see that the monitoring and advising of these groups by lecturers is more expensive than just giving lectures. But the contact with industry is much better, the work is fascinating and it keeps the lecturers up to date with the latest technology!





Concerning the course we have to improve on the availability of information for the teams. By improving cost information and control, one will improve the quality of the decisions that are made during the PCP e.g. on whether or not to continue the development of a product. In this way, expensive design capacity will not be wasted on a product which turned out to be far too expensive in the end. It also prevents the design of a product from being terminated based upon too pessimistic cost price arguments, although potentially it could have been a winner. 





We want to improve added value and cost information and control with PDM software. Because we start over and over again with complete new teams and team members it is important to have a historical database. Until now we used the reports generated by previous groups but an overview is not available.  At the moment we are developing a prototype of PDM software using an existing, commercial available database system (Microsoft Access). We will adapt it to our environment and fill it with information gathered in the past 8 years. It will contain information on all activities needed to carry out the whole project, such as information on components, hardware, software, tools or even literature.





It is our philosophy that, by raising the awareness of time, quality and cost control, students will learn to improve on competitiveness with Concurrent Engineering. It is our belief that in this way we educate interdisciplinary oriented and easy-communicating designers, who are eager to transform their 'technical products of mind' into competitive commercial products.
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