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SLIDE 1  Good morning and thank you very much for that thoughtful introduction.  I am very pleased to be here and have the opportunity to join the Forging Industry Association meeting for a number of reasons.  First, this gives me an opportunity to share some thinking about technology partnerships from the perspective of having spent significant time in my career in both the public and private sectors. Secondly, in preparing my talk, I had an opportunity to ask a few colleagues in a number of the national labs about some specific collaborative success stories that particularly relate to forging and the how and why of these efforts, lessons learned, etc.  This is what I’d like to share with you today.

SLIDE 2  Now, I must admit, right off the bat, that I’m a chemical engineer.  Many years ago, and more recently from browsing an old textbook, I learned that before a chemical reaction can take place, the molecules involved must be raised to a state of higher potential energy.  In other words, an activation energy barrier or hurdle must be overcome.  In a very real way, reducing the barriers and overcoming an “activation energy hurdle” is a critical success factor for organizations like the Forging Industry Association who have set as a strategic objective the leveraging of resources through partnerships for the development and transfer of technology.  At the tactical level, it’s also a critical success factor for the development of specific collaborations, specific projects.
And the barriers are real!  When I joined the Pacific Northwest National Laboratory over 10 years ago to help the DOE with the chemical industry of the future program and began meeting and talking to colleagues across the national laboratory system, several notions were reinforced.

SLIDE 3  The national laboratory system can be very complex and a bit overwhelming to the outsider viewing from afar, but up-close the interaction and collaboration with industry and even between laboratories is quite extensive (more than one might realize) and the extent of the value created is often not well understood.  But it can be very rewarding.  And it confirmed my belief that we, the national laboratories, could be assets for the success of programs like DOE’s “Industries of the Future” if we could tap those seeds of collaboration that already existed.
SLIDE 4  Interestingly enough, the IMPACTS analysis of commercialized and emerging technologies that have been supported by funding from the Industrial Technologies Program Office, the home for the “Industries of the Future,” shows that over 50% of these technologies have involved national laboratories and, in a substantial number of cases, two or more national laboratories were partners at one stage or another in the pipeline for those technologies.  Critical to realizing the fruits of these investments are collaborative partnerships between those laboratories and industrial partners.

SLIDE 5  Looking at the U.S. Department of Energy’s national laboratories and facilities: The map comprehensively covers the multi-program national laboratories and also identifies several other DOE laboratories.  It suffices to point out that each has a mission or missions to fulfill that are integral to those of the Department of Energy taken as a whole.  I would add that each has a record of accomplishment in partnering with the private sector that goes well beyond the specific nature of programs such as the Department of Energy’s “Industries of the Future.”  More often than realized that partnering is with small- and medium-sized companies. 
In fact, Manufacturing in America, a comprehensive strategy addressing the challenges to manufacturing and just published by the U.S. Department of Commerce, recommends that new avenues be explored for “leveraging unique capabilities of the U.S. national laboratories and universities for the benefit of small and medium-sized manufacturers.”
Almost all of the national laboratories have programs related to local, state and regional collaborations, partnerships and economic development.  And you shouldn’t feel bad if there isn’t a national laboratory in your “neighborhood.” 
SLIDE 6  In fact, thanks to advanced collaboratory concepts, you can be sitting in Cleveland right after breakfast running an experiment on a sophisticated piece of equipment in the Environmental Molecular Sciences Laboratory at the Pacific Northwest National Laboratory in Richland, Washington, as one example.  In this case, an ion trap mass spectrometer provides in situ/on-line molecular speciation of complex mixed samples, allowing remote researchers to conduct experiments and gather data via the Internet. 

This and other user facilities across the country are state-of-the-art, available no where else, and are shared with the science and engineering community worldwide.  Think of it as capabilities for which no single company or often even groups of companies could afford the investment.  They provide access to the specialized technical expertise and equipment and can include proprietary R&D.  And they come in all shapes and sizes!  For example,
SLIDE 7  MPLUS, the Metals Processing Laboratory Users Facility at Oak Ridge, provides access to the specialized technical expertise and equipment to solve metals processing issues that limit the development and implementation of emerging metals processing technologies by focusing on four primary user centers:
· Processing –  e.g. deformation processing including extrusion, forging and rolling

· Joining – covering welding, solidification, brazing and other bonding techniques

· Characterization embodies numerous capabilities including NDE

· as does Materials/Process Modeling, e.g. mathematical design and analysis

In total, a fully integrated approach with unique opportunities to address technologically significant problems.  Projects undertaken of relevance to forging include development of new types of steel alloys for dies and the feasibility of alternate preheating for forging metal stock…more on the latter subject in a few minutes. 
So why would we want to collaborate – industry and national laboratories?  Any enduring collaborative relationship has to achieve an increase in value for both parties.  What are some factors that would drive a company to seek any external collaboration?  

SLIDE 8
1. Competitive advantage in some form – cost leveraging/risk sharing, time to commercialization, and others

2. Having access to cutting-edge research or to specific research results

3. Collaborations can be viewed as an extension of your company’s technical competencies and facilities.  In effect, you are capitalizing on staff, infrastructure and capabilities developed through investment by others…and finally

4. Collaborations over a period of time can be a valuable resource for future employees…this is particularly true in the case of companies sponsoring academic research.

SLIDE 9  Now let’s look at this from the perspective of a national laboratory:
1. External collaborations can be a rich source of technological challenges and problems to be solved and a rich source of knowledge/expertise to build a credible and competitive proposal and project.

2. The U.S. Department of Energy is a mission-driven agency and its national laboratories are integral to achieving the goals of those missions.  For example, as it relates to the Industries of the Future initiatives, these partnerships play an important role.

3. External collaborations/partnerships and what they accomplish are important elements of the criteria and metrics by which the performance of operating contractors is measured by DOE.

What the national laboratories are able to do is to utilize government investments for technology development from multiple clients and leverage them into integrated capability sets that are available for the industrial market.  (MPLUS is an example of that; I’ll mention others, as well, in a few minutes.)  The maturity of technologies developed typically ranges from conceptual to prototypic.  In general, we are not manufacturers or suppliers of “products” to the open market place and the developed technologies may be transferred to end-users, manufacturers or suppliers.
I would not suggest that this list of factors, both for industry and the national laboratories, is exhaustive or complete.  But it won’t be a surprise to you to 

suggest that an early understanding and commitment to the value propositions for each party are critical to successful collaborations.

Let me change the focus a bit and talk about the ingredients for a successful collaboration and provide an example that actually involves all three sectors – industry, academia, and government laboratories.  First, I want to acknowledge a paper written several years ago by Hank Kohlbrand of The Dow Chemical Company – What Industry Seeks from Federal Laboratories and Examples of Collaboration – relevant to a number of points here.

SLIDE 10  So what are some of the key ingredients to success that complement the rationale for seeking the collaboration in the first place?  Among the factors are:

1. Clearly picking and defining the right problem to work on is critical.  It may almost sound obvious, but often it is not! 

2. Selecting the right partners who provide the right set of capabilities.

3. The collaboration needs a champion (a leader!) and the participation of each organization needs that same ingredient.

4. There is no substitute for continuous communication whether it’s electronically or when people get together to develop, plan and collaborate.
5. Having the appropriate business focus in the project: Kohlbrand points out that it’s a plus if the basic technology being developed can be used on more than one business application.  This point relates back to picking the right problem to work on …. and let me not suggest that this list is all-inclusive!
So how do these ingredients get cooked together to create successful collaborations?

SLIDE 11  This is the methodology with which you will be most familiar.  It starts with a Vision and moves through roadmaps.  What I would like to do is start with a chemical industry example that will illustrate a few points of relevance to your industry…followed by some specific collaborations related to forging. 
SLIDE 12  Here is the Multiphase Fluid Dynamics Research Consortium.  The background:  Vision 2020 developed by the chemical industry articulated the importance of computational technologies to the future of the industry and impact that could be realized by developing and applying advanced computational fluid dynamics tools to reaction and separation processes and chemical manufacturing more broadly.  Companies like Dow, DuPont and others were already collaborating on “individual” projects with universities and government laboratories.  But a series of workshops championed by one company and one laboratory, but ultimately involving numerous companies, universities, and an organization of 16 government laboratories, demonstrated the magnitude of the challenge and the need for a significant collaborative effort to develop computational tools to model gas/solid transport in industrial applications.  A consortium was formed through an industrial champion.  The DOE funded projects through a competitive process for collaborations among organizations that represented all three sectors – industry, academia, and national laboratories.   
There is another aspect of the Multiphase Fluid Dynamics Research Consortium that is worth emphasizing.  I am sure that you can appreciate two important points: (1) across the national laboratory system, computational expertise, models and tools, etc. have been developed over many years for many purposes and DOE missions; and (2) the cost of developing computational tools can be very expensive with the competitive advantage within an industry being in the application of the tool and not the development….so why not collaborate?  And that’s what happened here.

Let’s switch gears and talk about some specific forging-related collaborations, in the first case with the Oak Ridge National Laboratory.
SLIDE 13  The use of conventional die pre-heating methods such as pre-heated steel pads, and direct gas/flame impingement can result in the non-uniform heating of dies and premature die failure.  A gas fired infrared pre-heater, a low heat flux system, typically takes 4 hours to pre-heat to 400F and can be rather bulky and difficult to handle.

A project proved the capability of a new type of infrared die heater, incorporating a tungsten halogen heating element heated in excess of 4000F.  The filaments go from cold to full power in less than 1 second and shutdown in 1 second.  Efficient conversion of electrical into radiant energy, high heat flux of radiant energy and uniform deposition, among other benefits, help reduce die heating times to 20-30 minutes instead of the standard 4 hours.

SLIDE 14  This technology is being developed for application to aluminum billets prior to forging.  The benefits…

· Shorter heating cycles will result in increased production rates.
· Uniform and consistent heating of billets
· 40% reduction in grain size and 2.5 times higher forged component fatigue life versus conventional convection type furnace heating

· Plus the energy savings benefits noted earlier

From the perspective of Oak Ridge, these collaborations work well because the laboratory provides a unique ground for testing the feasibility of new technologies, the respective staffs are enthusiastic about the work, and the communications and interaction through meetings, site visits and other means is continuous and productive.
SLIDE 15  A second example…The Department of Energy’s Albany Research Center is located in Albany, Oregon.  It was a former 40-acre college campus before being acquired for the federal government in 1943.  The Center is a materials research and development laboratory conducting research in collaboration with industry and other agencies.  

SLIDE 16  They can melt, alloy, cast, forge, roll and heat treat materials from a few grams up to 100s of kilograms as they develop processes to efficiently produce prototype parts, castings, and/or plate or sheet from ferrous, non-ferrous, and refractory alloys.

SLIDE 17  Albany picked one example for me.  The prospective industrial partner was challenged with a new research area for their own investment.  A partner needed a new alloy developed with tight specifications to be similar to their original alloy to satisfy FDA requirements and yet meet the proprietary needs for a fine grain microstructure (requiring forging and rolling).  Initial, small proof-of-concept melts were made, followed by parameter tests (e.g. composition, melting process, forging/rolling techniques).  The process parameters identified were used to scale-up melts and downstream processing.  Once the technology was developed, the researchers helped transfer the technology and train partner employees at their worksite.  Developing partnerships of the type we are talking about today is a body-contact sport and this one involves many of the success factors I noted earlier.  In this case, a former Albany employee was now working for that industrial partner.
SLIDE 18  Let’s move to Sandia National Laboratories.  As they’ve noted, modeling and simulation can play a significant role in improving the forging design process.  When the DOE forging facility was shut down, they had to have their forgings made commercially since several important components in nuclear weapons require forgings.  They got involved in the design process because requirements were so strict that vendors were having trouble meeting the specs and that capability is now applied with vendors to assist in design for first-time correct parts.

SLIDE 19  Sandia notes here a large development program that involves many different areas of research. This includes development of material models to be able to predict the response of the steels at high pressures and strain rates, extensive model validation testing to ensure that they aren’t fooling themselves, research in parallel computing to speed up simulations and research in optimization to enable ‘Materials by Design’, i.e., producing parts of optimal material properties via the manufacturing process.  I made a point earlier about applying integrated capability sets….this is a good example of that point!

You will also recall my perspective on the computational effort within the chemical industry.  For modeling and simulation to impact the entire industry, the willingness to share information on material and friction databases will be needed so that models can be quickly developed to enable rapid manufacturing.

In conclusion, collaborations happen for many reasons and via many different mechanisms.  There are capabilities and expertise at each of our national laboratories and facilities of significant relevance to the technological challenges facing U.S. industry.  We challenge ourselves to overcome that activation energy hurdle, develop successful collaborations and solve problems of substantial importance.  Such partnerships are hard work with the potential for great rewards.    
SLIDE 20  As we all know, seeing the future is a challenge indeed!  The process is not very linear.  I think we would agree that technology must be a part of that future and leveraging technology in public-private partnerships can play an important role.

SLIDE 21  My thanks to my colleagues for their insights and to the Forging Industry Association for the invitation to participate in this meeting and to share my thoughts on those partnerships.  Thank you.
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