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Development of the RAPID Network Michael Lovell, Salil Desai, Mary Besterfield-Sacre, Laura Schaefer, and Marlin Mickle University of Pittsburgh



Abstract



Introduction Customer satisfaction through innovative designs, high product quality, compressed lead times and low costs are key business drivers in today’s global competition. The ability to rapidly conceptualize, iteratively design, and cost-effectively manufacture products dictates the survival of a company. For a typical consumer product, McKinsey and Co. report that a fifty percent budget increase for developing the product has less than a tenth of the financial implications of being six months late into the market.1 Over the past decade, the product design process has been significantly impacted by the mass utilization of new engineering tools such as Rapid Prototyping (RP). RP has been shown to eliminate problems encountered in downstream operations such as manufacturing and assembly. In



The technological changes in the product creation landscape have presented institutes of higher education with a tremendous challenge. Employers now seek engineers who can integrate marketing and business strategies with diverse new product development skills. To meet the current needs and expectations of industry, it is imperative that engineering schools train their graduates in the latest product development techniques. A limited number of universities have been able to utilize RP as a means of teaching the concepts of product innovation among students.3 For most schools, however, the cost of purchasing, maintaining, and operating rapid prototyping equipment is cost prohibitive. RP equipment such as a stereo lithography machine (SLA) represents a $200,000 initial investment, and the annual maintenance and operational (staffing, materials, etc.) costs can exceed $50,000. To meet the challenges posed by the technological advances in product creation, the University of Pittsburgh and the National Collegiate Inventors and Innovators Alliance (NCIIA) have developed the RAPID network. The theme of this paper is to describe the mission, operation, benefits, and challenges of RAPID.



Models for Product Development and Prototyping Centers The introduction of rapid prototyping technology has stimulated the growth of service bureaus and research centers all over the United States. In the past, RP service bureaus emerged as a viable option for producing prototypes rather than purchasing expensive RP machines. However the decreasing prices of RP machines and growing number of RP providers has resulted in the slow demise of this industry.4 Companies are looking for complete solutions for product development rather than
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This paper presents an overview of the Rapid Prototyping Academic Product Innovation and Development (RAPID) network. The overall mission of RAPID is to provide resources for design, prototyping, and associated activities for enhancing education in product realization and commercialization. The premise for the creation of the network has been to provide: (1) a means for all institutes of higher education to have access to prototyping services for courses and projects, and (2) a viable business model for universities with rapid prototyping resource centers. This paper describes the academic and financial rationale for developing the network. Preliminary assessment of the RAPID network through case studies performed at the Swanson Center for Product Innovation at the University of Pittsburgh is subsequently outlined and compared with the outcomes enunciated by the engineering EC 2000 criteria. Based on this initial benchmarking, the RAPID network appears to be a viable model for addressing product development competency gaps in engineering curriculum.



addition, RP significantly reduces a product’s life cycle so that it has evolved as a natural component of the product realization process.2



simply producing prototypes. Hence, the number of inhouse RP centers within the corporate world is significantly increasing, particularly at large to medium sized companies. Access to these state-of-the-art technologies has enabled companies to leverage their advantage of being first in the marketplace.5 Several academic programs have incorporated RP courses into their curriculum to enhance student understanding of the product development process.6 These university based RP centers are pivotal in preparing successful students for industry because they allow comprehensive teaching of product realization. Unlike the commercial sector, however, the cost of RP services makes it very difficult to bring the technology in-house at educational institutions. Similar to small companies, the financial reality for most universities leads to a service bureau model where RP is performed on the outside. Overall, there are four traditional types of RP business models: (1) academic training, (2) academic research, (3) industry service bureaus, and (4) corporate RP manufacturers. Briefly, academic training facilities primarily employ faculty and limited staff for the proliferation of RP and product development knowledge to the student population.7 The infrastructure includes laboratories with RP machines and CAD workstations, giving students training on academic projects. A variety of courses in design, product development, and manufacturing utilize these facilities at both undergraduate and graduate levels. These laboratories obtain their sustenance from university funds and offer minimal research contribution to the RP field. The key driver for these centers is the training and education of students in RP technology, but the equipment in the labs often becomes obsolete and under utilized over a period of a few years. In contrast, the main thrust for academic research centers is to develop new prototyping technologies and materials. Research centers typically represent a group of faculty members and graduate students researching particular aspects of an existing technique or developing a totally new technology. In some cases, these technologies are promoted for commercialization by the university.8 These centers are primarily funded by federal and industry research grants, and the motivation for their existence is the recognition gained for contributions to the RP field. Industry RP service bureaus work as profit centers and sustain their operations based on revenues generated by prototyping jobs for the industry. They provide ideal options for small to medium sized companies looking



for cost effective rapid prototypes and tooling services.9 Focused solely on production operations, they offer little research contribution and minimal technical support to industry. Corporate RP manufacturers rely heavily on research for the development of novel RP technologies. Early market entry, expanding market share, and higher profit margins act as drivers for these companies. It is important to note that to be financially practical in an academic environment, the RAPID network has been developed as a hybrid of these traditional models.



The RAPID Prototyping Network The Accreditation Board for Engineering and Technology (ABET), in its EC: 2002-2003 Criteria for Accrediting Engineering Programs, explicitly recognizes that “students must be prepared for engineering practice through curriculum culminating in a major design experience based on the knowledge and skills acquired in earlier course work and incorporating engineering standards and realistic constraints that include most of the following considerations: economic, environmental, sustainability, manufacturability, ethical, health and safety, social, and political.”10 Likewise, the Manufacturing Processes and Equipment panel at NIST has made recommendations for development of new processing technologies for rapid prototyping by cultivating RandD cooperative programs among industry, government, and academia for its realization.11 One particular area where standards and requirements have been dramatically changed by new and emerging technology is that of product design and development. With an increased emphasis on minimizing the time to market, it has become essential for engineers to incorporate marketing and business strategies into the design of new products.12 Unfortunately, the typical engineering curriculum focuses on analysis rather than synthesis,13 and therefore many new graduates tend to become lost when entering the industrial workforce.14 To address this problem, a roundtable panel discussion on E-Teams and rapid prototyping services was held at the 2001 NCIIA National Conference in Washington D.C. More than fifteen different educational institutions took part in the panel; during the discussions, several key issues were raised involving E-Teams and rapid prototyping. These items include: 1.
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Prototyping in E-Team projects is essential. Prototyping allows an E-Team to analyze the design, functionality, and look and feel of a new product. These issues cannot be addressed by writing a busi-



2.



Rapid prototyping equipment is very expensive to purchase. Most common prototype machines cost over $200,000. Even basic thermojet printers that make parts out of a wax based material cost more than $30,000, which is well out of the price range of many institutions.



3.



Maintenance and supplies for prototyping equipment are also expensive. Even after equipment is purchased, it costs a significant amount of money to keep it running. A stereo lithography (SLA) machine laser, for example, costs approximately $15,000 and needs to be replaced every twelve to eighteen months. Very few universities have the maintenance budget for such equipment.



4.



Rapid prototyping equipment requires technical staff to operate. Even the simplest piece of prototyping equipment requires a technician to run effectively. Many universities do not have the budget to hire a technical staff for E-Team projects.



5.



Outsourcing E-Team prototyping services is expensive. Most universities do not have the budget to contract E-Team prototyping work at private industry rates charged by service bureaus.



two-fold: (1) to provide a means for all institutes of higher education to have access to prototyping services for courses and projects, and (2) to provide a viable business model for universities with rapid prototyping resources. As a first step toward creating the network, the authors established a database of the rapid prototyping equipment held at all institutions of higher education in North America. During this process, more than eighty schools were found to have some level of prototyping equipment that was used in courses and with E-Team projects. It was determined from interviews that most of this equipment was being under-utilized, and many institutions did not have the necessary technical staff to support in-house projects. After a description of the proposed RAPID network was given to a representative from each school, it was determined that approximately fifteen (see Table 1) academic RP centers were capable and interested in providing services to other institutes of higher education. Table 1: RAPID Network Participants



Based on the items identified above, the panel generated several action items for the NCIIA to help E-Teams obtain rapid prototyping services. These action items are listed below: 1.



The creation of an on-line NCIIA bulletin board for rapid prototyping services that would be available for institutions performing E-Team projects.



2.



The establishment of a small NCIIA prototyping fund that could be used for E-Team projects at institutions without prototyping resources.



3.



The creation of an on-line mechanism for submitting E-team prototyping service requests that allows a quick turnaround on parts.



Formation of the RAPID Network To address the recommendations of the rapid prototyping roundtable, the NCIIA provided a seed grant to the University of Pittsburgh to investigate the establishment of an academic network of prototyping service providers. The premise of the network was



University of Utah Sinclair Community College Washington State University California State University Southern Methodist University Penn State University Clemson University Stanford University University of Pittsburgh Mississippi Polymer Institute University of Kentucky Rose-Hulman Institute of Technology San Diego State University University of Southern Mississippi Ecole Polytechnique de Montreal Once the database of service providers was established, two meetings of the RAPID network participants (March and July 2002) were held to establish the mission, vision, goals, and operation of the network. In addition, a preliminary website was developed to allow E-Teams at other universities to request rapid prototyping and product development services within the network. This website is currently housed at the University of Pittsburgh and is accessible by link from the
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ness plan on a potential new product.



NCIIA’s homepage. Upon entering the site, a user enters the type of service being requested, and the site sends the appropriate providers a project description and service requested. The service providers then submit quotations to the E-Teams for the services requested. In addition to directly contacting service providers, a mechanism has been created to allow E-Teams to place ideas on a bulletin board that is accessible to service providers. Finally, the website contains tutorial links on the concepts of 3-D engineering, rapid prototyping, rapid manufacturing, and a variety of other services including electronic design. These tutorials have been created to educate students and faculty on the different types of technology that are available in the network so that they can efficiently request services.



Mission and Objectives of RAPID At a meeting of the network providers hosted at the University of Pittsburgh in July of 2002, the participants developed the primary mission and objectives of the RAPID network. The overall mission of the network is to provide resources for design, prototyping, and associated activities for enhancing education in product realization and commercialization. The primary objectives of the network are: (1) to improve access to design, prototyping, and manufacturing services for higher education using a Web based technology, (2) to enhance collaboration among student teams across disciplines and institutions, (3) to broaden and advance the product realization capabilities of member institutions by sharing access to cutting edge capital-intensive facilities, (4) to facilitate greater utilization for member institution capital equipment dedicated to product realization, (5) to expand funding opportunities for enhancing and sustaining state-of-the-art capabilities, and (6) to promote scholarly exchange for successful pedagogical, entrepreneurial operations and activities.



Case Studies Demonstrating Impact of RP Services Although it is still in its formative stages, an illustrative example of how the RAPID network can enhance engineering education can be found in recent activities of the John A. Swanson Center for Product Innovation (SCPI) at the University of Pittsburgh. The SCPI represents more than $5 million in investment in state-of-the-art prototyping and manufacturing equipment. Within the SCPI, the University of Pittsburgh has created a unique facility that ties together four otherwise distinct labora-



tories that parallel the essential phases of design, prototyping, and manufacturing while incorporating a highly promising area for innovation—MEMS. The SCPI labs include the Bioengineering Design and Multi-Media Laboratory, Rapid Prototyping and Reverse Engineering Lab, Rapid Manufacturing Laboratory, and Microelectrical Mechanical Systems (MEMS) Laboratory.



SCPI Business Model The facilities of the SCPI not only allow students to work on projects that are real and connected with industry, but they also provide a means to assist the regional economy with innovative ideas and human capital. The center also provides a testbed for faculty conducting research associated with improving existing products as well as manufacturing processes. More than $2.6 million in federal and industry research grants have been obtained by the SCPI over the last two years. In addition, the SCPI has conducted more than 120 industry based fee for service projects in the past eighteen months. These activities clearly demonstrate that the SCPI transcends traditional RP business models, and is a combination of an academic training, academic research, and industry service bureau.



Certificate Program in Product Realization Through the facilities of the SCPI, the University of Pittsburgh has developed a specialized certificate program in product realization. The certificate consists of courses from both the School of Engineering and the College of Business Administration (CBA). This curriculum is designed to enable any of our undergraduate engineering students, as well as qualified students in the College of Business Administration, to participate. Students take a total of five courses (from a set of nine specialized courses) that must include at least one CBA course, two engineering courses, and a capstone product realization course. The capstone design Product Realization course is an interdisciplinary course where E-Teams teams of three to five students from engineering and business take an industry based product from concept to prototype. Funding in the amount of $2,500 is made available for students to make proof-of-concept prototypes as part of their business plan.



Impact on Education at the University of Pittsburgh Without the RP and design services available in the SCPI, the certificate program in product realization would not be possible. Since its inception in the Fall of 2001, the
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Broader Impacts at Other Universities As part of the initial pilot study funded by the NCIIA, the SCPI has provided prototyping services to other NCIIA member institutions. Twelve other universities have used the SCPI facilities during the past year. These services have included design, prototyping, and fabrication work for advanced E-Team projects and design courses. Some successful advanced NCIIA E-Team projects have resulted from the collaborative services, including the Comfort Computing System at Babson College, the EpiCard Injector System at the University of Virginia, and the Artificial Knee Program at the University of Miami. All of these E-Teams were able to build prototypes using Web access to the SCPI. The formation of the RAPID network will substantially accelerate similar collaboration with student E-Team projects at other universities. This influx of projects to the service providers will increase the utilization and lessen the financial burdens of operating the RP centers.



outcomes “c” and “e” both require problem solving, they were assessed together. Ratings of the Product Realization course were compared with the average ratings of the School of Engineering for the fall semester 2002 in these four areas. Course evaluations of the statements related to the outcomes indicated that the product realization process contributed greatly to the students’ abilities in problem solving, design, teamwork and communication skills. Table 2 shows the average rating for each statement (on a scale from one to five) for ENGR 1050 and the seventy-fifth percentile rating of the engineering classes taught during the fall 2001 semester. It is believed that through the development of the RAPID Network, similar increases will be attained at other academic institutions. Table 2 Engineering Criteria 2000 Course Evaluation Ratings EC 2000 Criterion 3 Outcome



Corresponding Post Engr 1050 75th Percentile Questionnaire Item



C. An ability to design a system, component, or process to meet desired needs D. An ability to function on multi-disciplinary teams E. An ability to identify, formulate, and solve engineering problems G. An ability to communicate effectively



•Ability to design a de- 4.89 vice or process to meet a stated need



3.57



•Ability to function 4.89 effectively in different team roles



3.68



•Ability to formulate and solve engineering problems



4.61



3.73



•Ability to write reports effectively



4.06



3.38



4.83



2.68



Initial Assessment of the RAPID Network Although it is not yet possible to fully evaluate the influence the RAPID network has on higher education, an examination of the Product Realization course at the University of Pittsburgh provides a representation of the potential outcome of the network.15 Four primary outcomes from the EC 2000 criterion have been specifically enunciated for the Product Realization course: c—an ability to design a system, component, or process to meet desired needs, d—an ability to function on multi-disciplinary teams, e—an ability to identify, formulate, and solve engineering problems, and g—an ability to communicate effectively. Since



•Ability to make effective oral presentations



Summary and Conclusions The significance academic implications of technical innovations in product development have been described herein. To satisfy the present competency gaps in higher education, a network of service providers, RAPID, has been developed. The potential benefits of the network have been discussed and evaluated with respect to case studies at the Swanson Center for Product Innovation at the University of Pittsburgh. Based on initial benchmarking, the RAPID Net-
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certificate program has become very popular, and twenty percent of undergraduate engineering students are now currently enrolled in the Product Realization course. To date, twenty-nine industry based student projects have been completed in the program. From these projects, three companies have formed (Jackheat Thermal Industries, Dynamic Medical Solutions [DMS] Inc., and Nutren USA) and two more are proceeding towards commercialization. In addition, four teams have received Advanced E-Team grants from the NCIIA and two have been invited to the NCIIA March Madness for the Mind symposium. None of these successful E-Team experiences would have been possible without the RP capabilities of the SCPI.



work appears to be a viable model for improving product development education in engineering curriculum. In addition, the network will help reduce the financial burden of operating an academic RP center.
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