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   Mission, Vision and Strategic Directions

MISSION:

As the creative and productive capacity of industry draws upon essentially every aspect of human knowledge, manufacturing activities are becoming increasingly integrative to the point where even the distinction between “manufacturing” and “service” has become blurred. The mission of the academic research programs in the Design and Manufacture Research section of DMII is to address the rapid pace of technology growth in engineering design and manufacture, and the challenge this poses to the nation’s economic well being, and to address the expanding opportunities of the emerging service sector.  This mission requires the identification and investigation of fundamental research issues that span engineering activities from design through manufacture through service, and that include size scales from the “micro” or “nano” environment, which will drive tomorrow’s manufacturing processes, to the “macro” or global enterprise scale that defines the production systems of  the traditional manufacturing sector, and extends into the growing service sector in the future.  The role of DMII is to address those fundamental issues that will deepen our understanding of the processes and systems that comprise these new and modern design, manufacturing and service enterprises and to continue to make our nation’s industrial base more competitive by ensuring the education of a diverse engineering workforce that will be responsive to these needs. 

VISION (3-5 Years):

DMII program directors will continue to identify important emerging technologies and support creative research and education programs that will catalyze rapid progress and increase the supply of skilled professionals necessary to sustain the nation’s economic growth.  Priority areas that will receive increased DMII funding during the period 2001-2005 include:

· Nano-manufacturing

· Environmentally Benign Manufacturing

· Engineering the Service Sector

· Distributed Design and Manufacturing

Research results in these areas have the potential to significantly improve the standard of living in terms of health, wealth and welfare of our society.  We are at an exciting crossroad to contribute by bringing discovery from nanotechnology to application, by encouraging environmentally benign manufacturing as an economical tool, by applying the wealth of knowledge in manufacturing to the complex service sector and by taking advantage of the globally accessible knowledge base to build an increasingly competitive and environmentally sensitive manufacturing enterprise.

PROGRAM STRUCTURE:

DMII consists of two sections or sub-divisions: the Design and Manufacture Research section and the Industrial Innovation section. 

Design and Manufacture Research Section: This section consists of academic research programs broadly grouped to focus on the physical aspects and on mathematical aspects of design and manufacture processes and systems.  With respect to the physical aspects, Manufacturing Machines and Equipment, Materials Processing and Manufacturing and Nanomanufacturing form the program elements. With respect to the mathematical aspects, Engineering Design, Operations Research, Enterprise Systems and Engineering the Service Sector form the program elements.  Recognizing that the greatest opportunities for breakthroughs often involve the integration of disciplines, the boundaries among these research elements are not precisely defined. Program Officers often team to identify areas of common interest and the need for multidisciplinary approaches to emerging problem areas. 

Industrial Innovation Section: The primary activity of this section is the direction and management of the Foundation-wide SBIR/STTR program, with a focus on small business.  Research topics are market driven technology areas: Advanced Materials and Manufacturing, Biotechnology, Electronics and Information Technology.  This section is also the ENG home of the academic program in Innovation and Organizational Change (IOC), which is co-sponsored by SBE, and the Foundation-wide Grants Opportunities for Academic Liaison with Industry (GOALI) program.

PROGRAM DIRECTIONS:

In guiding research for rapidly changing technologies, it is important to identify areas of emerging importance and anticipate topics for long-term research priorities.  In this regard, we have identified several priorities areas of DMII interest.  Emphasis in these emerging fields is consistent with the development of NSF research priorities in Nanotechnology, Information Technology, and Biocomplexity and the Environment.  These areas are also directly supportive of ENG themes in Nanotechnology, Engineering the Service Sector and Environmentally Benign Manufacturing.

· Nano-manufacturing: Fundamental research in the Nanotechnology area is leading to a whole new world of discoveries.  Properties associated with new materials and new phenomena at the nanoscale are offering exciting possibilities for new products and devices, as well as value-added features to existing systems.  The impact, as enumerated in the central Nano web site  http://www.nano.gov/, could be revolutionary in its scope.  In order to realize the full potential of Nanotechnology, it is critical to carry out fundamental research in Nanomanufacturing.  Manufacturability issues related to Nanotechnology include areas such as design for manufacture, new robust manufacturing process and tools,  reliable replication systems, built-in quality, economical production, environmentally friendly manufacturing and system integration.  Simultaneous conduct of research in Nanoscience and Nanomanufacturing will shorten the total time between research and benefit to society. 

· Environmentally Benign Manufacturing:  To be globally competitive, it is imperative that the U.S. supply products that meet the requirements of the take-back legislation that is currently taking roots in Europe.  This means that designers need to take into account recyclability at the end of the life cycle of manufactured products.  No longer is it sufficient merely to meet end-use functional requirements.  This adds urgency to the need for fundamental manufacturing research to enable incorporation of environmental considerations from the beginning of the product realization process, rather than to treat environmental issues as an added cost to be avoided.  Study by the World Technology Evaluation Committee (WTEC) http://www.itri.loyola.edu/ebm/ drove home the important point that the U.S. lags behind Europe and Japan in its treatment of environmental issues in design and manufacture.   Research in this area will dovetail with the NSF initiative on Biocomplexilty and Environment. 

· Engineering the Service Sector:  Blurring of the distinction between manufacturing and service functions, even within more traditional manufacturing organizations, provides strong motivation for research to develop a fundamental understanding of common functions and systems that cut-across various service sectors.  Issues such as supply chain design, logistics and distribution, and management of transportation systems are all representative of the research opportunities in this area.  Research to support the development of modeling and simulation capabilities for all operations of a “service enterprise” is one example of a thrust that could provide results applicable to entities as diverse as transportation, financial, and healthcare systems.  Research in this area builds on the recent ENG initiatives on the Scalable Enterprise Systems addressing issues for enterprise-wide business automation.  In addition to the systems side of the research, there is a significant opportunity on the process side to explore and exploit the rich knowledge base of manufacturing processes.  Service to the final customer has similar attributes to the manufacturing process.  While manufacturing processes by and large deal with physical attributes to define terms such as equipment needs, process capability and product quality, the service sector sometimes has qualitative metrics associated with a more complex social benefits. This poses exciting research challenges. 

· Distributed Design and Manufacturing:  We anticipate that, as engineering design and manufacturing enterprises become more distributed, the desire to use global networks to coordinate the activities of such enterprises will increase rapidly.  Once in-person interactions among knowledgeable individuals become difficult, software tools for remote information sharing, skill sharing and trouble-shooting become critical.  The development of such tools requires a far more rigorous uderstanding of the underlying mathematics and description of the system behavior than that which suffices when experienced practitioners are physically present to supervise a process.  DMII funds projects to improve our explicit understanding of the engineering design process, the behavior, sensing and control of manufacturing processes and systems, and the incorporation of this knowledge into software systems that can be used to assure the reliable coordination of design and manufacturing functions and the production of high quality products.  Research in both the service sector and distributed manufacturing have strong roots in the information technology and are connected to the NSF-wide initiative on Information Technology Research.

SUPPORTING PHILOSOPHY:

All DMII programs are managed to include a balance of new PIs, PIs who are women and PIs from underrepresented minorities, continuing research efforts, exploratory research grants, workshops, and GOALI projects.  The Small Grants for Exploratory Research (SGER) program provides a very effective mechanism for promoting exploratory efforts, and Program Directors are encouraged to seek these opportunities.  SGER awards are used judiciously by the programs to enable special activities that could significantly alter the course of research.

DMII programs are committed to integrating research and engineering education.  The division currently supports 34 CAREER awards, representing a substantial investment in developing academic careers that combine research and teaching.  The division recognizes that the biggest impact on engineering infrastructure is through graduate and undergraduate engineering education, and thus student support and integration of research results in the classroom will continue to be a factor in selecting proposals for funding.  DMII is particularly proud of the role that it played in the creation and development of what is now the Foundation-wide GOALI program.  Starting with a sole focus on engineering faculty internships in 1990, this DMII-initiated effort has provided ENG and eventually the whole of NSF with a unique vehicle for the integration of research and education. 

All DMII Program Director’s continue to promote the development of a diverse and talented workforce for the 21st century by actively encouraging the participation of members of underrepresented groups and to achieve diversity and excellence throughout their programs.  The division is particularly pro-active in the ADVANCE program.  DMII has also been committed to providing for and supporting activities for the development of minority students.

DMII programs have also been very active in establishing partnerships with various other programs and divisions both in ENG and across the foundation, with other federal agencies and laboratories, and with industry.  One result of these interactions has been a significant leveraging of NSF funds through co-sponsored awards and programs and the avoidance of duplicate efforts both within NSF and between NSF and other agencies especially along the interdisciplinary boundaries of many of the research areas encompassed by design and manufacturing.  High quality research in design and manufacturing requires collaboration among the best researchers in a broad spectrum of disciplines.  These multi-investigator teams often require resources that are beyond the capabilities of one division, agency, or even country.   One of the most effective partnership mechanisms that DMII has developed has been the creation and sponsorship of an annual Design, Service and Manufacturing Research Conference.  This meeting, held every January, has become a major international event, and is currently co-sponsored by the National Research Council of Canada (NRC), the Consejo Nacional de Ciencias y Tecnologia (CONACyT) of Mexico, the Society of Manufacturing Engineers (SME), and the National Center for Manufacturing Sciences (NCMS). Recently, NSF and European Union agreed to hold a joint NSF/EC workshop in 2002 on Nanomanufacturing thus expanding the extent of international collaboration by DMII.
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Level of Funding





Thrust Areas

15.2

Nanomanufacturing

5.5

Environmentally Benign Manufacturing

3.0

Engineering the Service Sector

4.0

Information Technology Research

2.7





Core Academic Programs

29.2

Materials Processing and Manufacturing



Manufacturing Machines and Equipment



Production Systems (Enterprise Systems)



Operations Research



Engineering Design



Integration Engineering







Cross-Directorate Academic Programs

5.2

GOALI



Innovation Organizational Change







All Academic Programs

49.6





Small Business Programs (SBIR/STTR)

74.8

Advanced Materials and Manufacturing



Biotechnology



Electronics



Information Technology











DMII Total

124.4
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