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Good morning Chairman Schaffer, Chairwoman Baker, and members of the committee.  Thank you for holding this hearing on the Ohio aerospace industry, a pillar high-tech industry in the state’s economy.  I welcome the opportunity to speak on behalf of an indispensable technology asset for the state of Ohio.  The NASA Glenn Research Center, with locations in Cleveland and Sandusky, Ohio, is one of only nine NASA Centers.  NASA Glenn has a long and storied history.  Early this year, we celebrated our 70th anniversary of the National Advisory Committee for Aeronautics’ new Aircraft Engine Research Laboratory which is now NASA Glenn.  The Laboratory’s mission was to design and construct aircraft engines and their components and test them at full scale.  At that time, jet engines didn’t even exist.  Over time, NASA Glenn has made historic contributions to advancing aircraft engine technology and has made significant advances to aerospace communications, aerospace propulsion and aerospace power.   

NASA Glenn has tremendous talent and capabilities that provide benefits beyond our physical boundaries. While focusing on NASA’s mission, we are ever-mindful of our responsibility to be good citizens of the state of Ohio, the Great Lakes Region, and the Nation and provide benefits to the taxpayers through the formation of partnerships, use of our technology to spur economic growth, and increased outreach efforts.
NASA Glenn is fortunate to be located in the great state of Ohio.  Ohio is home to 24 astronauts who were born in the state or identify an Ohio location as their hometown.  One of Ohio’s most famous space pioneers, Senator John H. Glenn, Jr., will be celebrating his 50th anniversary as the first American to orbit the planet on February 20, 2012.  In his Friendship 7 spacecraft, Senator Glenn completed a successful three-orbit mission around the earth, reaching a maximum altitude of approximately 162 statute miles and an orbital velocity of approximately 17,500 miles per hour.  The NASA Glenn Research Center is proud to be named after this genuine American hero. 

Aeronautics and Spaceflight Accomplishments

NASA Glenn has made many notable accomplishments and contributions in advancing aeronautics and expanding the purview of space exploration since NASA Glenn’s inception in 1941. These accomplishments have yielded new technologies that have already begun to revolutionize our future in aerospace.
In the area of aeronautics, NASA Glenn’s efforts in conducting ambitious research and developing new technologies have greatly contributed to the United States’ competitive position in the world economy.  Right now, we’re already seeing the use of Glenn-developed technologies, the engine nacelle chevron, the composite fan case and turbine disk alloy on the new Boeing 787.  These advanced technologies enable noise reduction, improved safety and fuel efficiency and therefore greatly improve air travel.
Another accomplishment that we’re quite proud of is the enhancement of the Open Rotor Turbofan engine and Geared Turbofan Engine.  Working with General Electric Company of Evendale, Ohio and Pratt & Whitney over the last two years, NASA Glenn has revived testing and evaluation of advanced airbreathing engine technology that could reduce fuel consumption by as much as 35-percent and improve engine performance over current jet engines while maintaining low noise levels.  Although this technology has been investigated previously, more recent advancements in materials technology, acoustic noise suppression and fluid dynamical modeling could help this technology see the market and thus contribute to U.S. competiveness in the near future.
This is just a sampling of the aeronautics technologies that NASA Glenn has and is continuing to pioneer for the future.  Just as exciting are new technologies that could dramatically expand our ability to explore space in the not-so-distant future.
NASA Glenn has nearly completed the development of a new ion propulsion system that could greatly extend the reach of future NASA robotic science missions.  Called NEXT for NASA’s Evolutionary Xenon Thruster, the system has already set new records for duration of operation and amount of impulse produced by a space propulsion system.  Although NEXT doesn’t produce the copious fire and smoke associated with the Shuttle engines, it does accelerate its Xenon propellant to velocities 10 times higher than propellants in the Space Shuttle and other large rockets, thus achieving a much better “fuel efficiency” for operation in space.
NASA Glenn also continues to develop new energy conversion devices for nuclear power sources for deep space probes and eventual human exploration of the Moon and solar system.  In the near-term, NASA Glenn is completing test and evaluation of the Advanced Stirling Radioisotope Generator (ASRG), a small 130-watt class generator that could be used on NASA science missions as early as 2016.  Utilizing Stirling energy convertor technology developed by Sunpower, a small company in Athens, Ohio, the ASRG will improve our efficiency in use of expensive nuclear fuel by 400 to 500 percent, but it will also give us power to mass (weight) ratios twice as high as conventional generators.  NASA Glenn is also working with other NASA centers in using this technology for reactor power systems that could support human exploration of the Moon, Mars and deep space in general.
Overall, you would see that we are an organization continually on the move to advance aerospace technology and help the nation become more competitive in the 21st Century.
Ohio Economic Impact
Glenn Research Center’s economic impact on the State of Ohio is significant. According to a study performed by the Cleveland State University Center for Economic Development, Glenn expenditures in the state for Fiscal Year 2009 resulted in the following economic benefits for Ohio:

· $1.4 billion in output or additional sales of goods.

· 8,293 jobs created as a result of GRC expenditures.

· $ 494 million in household earnings. 

· $43.6 million in tax revenues for state and local governments in Ohio.

The nation and the state of Ohio are facing significant economic challenges. In response to these challenging economic times, to facilitate economic recovery the NASA FY 12 budget proposal seeks to fund key components of the nation’s priorities to out innovate, out educate, and out build our competitors. NASA accomplishment of the national priorities supported by the current NASA budget request can benefit the state of Ohio as well. In particular, the FY12 NASA budget request proposes a significant leadership role for Glenn Research Center in Space Technology, designed to create new space technologies that enable exploration, scientific discovery, and a stronger economic future. Technology improves our lives every day, and yet, U.S. leadership in technology development is under attack, a fact that has serious implications for the Nations global competitiveness and economy. Recognizing that a technology based economy is a robust one; the President has challenged Federal agencies to strengthen their investments in new technology development and innovation. 
The Presidents’ proposed FY12 budget for NASA is a good budget for GRC. I endorse strong support of the President’s request. The proposed budget reflects a great deal of confidence in NASA Glenn’s capabilities and supports a diverse portfolio of Center technology work under the Agency’s authorized mission. The proposed budget plays well to NASA Glenn’s technology strengths and core competencies, and is well aligned with the Center’s strategic plan. One of the five goals of the strategic plan is for NASA Glenn to be an integral part of the Ohio community by leveraging Center resources to establish technology partnerships in the state.
NASA Glenn Contributions to Creation of an Environment of Aerospace Opportunities in Ohio Through Innovation, Education, Building Space Flight Hardware, and New Business Collaboration
Innovation

As mentioned, consistent with the President’s agenda NASA is seeking to out innovate, out educate, and out build our competitors.  Glenn’s innovations are consistently recognized for their contributions to scientific and technological advancements in aerospace. Over 2600 invention disclosures have been reported by Glenn since 1991. Over 150 patents are currently available for licensing in power, communications, electric propulsion, combustion, instrumentation, materials, seals, silicon carbide growth, and coatings.  NASA Glenn won an average of nine major awards per year from the NASA Inventions and Contributions Board (ICB) and have received 4 of 21 NASA Software of the Year Awards. Last year alone, NASA Glenn received over $188,000 in monetary awards from ICB for over 270 inventors; the LEW Ice software program, an icing accretion simulation tool, was selected as the NASA 2010 Software of the Year Runner-Up.
In terms of external recognition, NASA Glenn won an Emmy for the Communications Technology Satellite and two Collier Awards.  NASA Glenn also has received 109 R&D 100 Awards, considered the “Oscars of Innovation.” Glenn’s total is the highest in the Agency exceeding all other Centers combined.   

This past year there were four NASA Glenn research teams and their partners who were acknowledged for innovation in communication technologies, mechanical devices and process sciences, winning the R&D 100 Award. The R&D 100 Award serves as a benchmark of excellence for gauging the commercialization of emerging technologies.  One of these winners is a new metal-strengthening process that was developed by Lambda Technologies in Cincinnati under a SBIR contract, and company employees worked with our researchers to invent a new method that can significantly increase durability and life span of metal components. In addition to meeting NASA’s needs, their low-plasticity burnishing (LPB) method now has several commercial applications, such as for military and commercial aviation and to improve the quality of life for recipients of hip transplants. Currently, the U.S. Navy and Air Force, Delta Airlines, Idaho National Laboratory, and orthopedic equipment manufacturers all use the LPB method.

Another winning effort is affectionately known as “Reinventing the Wheel.”  Our researchers teamed with another company well known in Ohio, the Goodyear Tire & Rubber Company, on the award-winning Spring Tire resulting from advancements in terra-mechanics modeling and lunar surface wheel development. Their new wheel is lighter and stronger, and navigates over foot-high rocks – as might be found on the moon -- with ease.   Their success has reinvigorated research in wheel designs and methods for predicting off-road vehicle performance.  I wouldn’t be surprised if this evolved into commercial products somewhere down the road.
In addition to targeting aeronautics and space applications, NASA Glenn’s innovation can also help the Ohio community and the Nation improving life on Earth.  NASA Glenn was one of the original developers of green energy technologies in the 1970s, and its impact has remained to this day.  Recent work in fuel cells, photovoltaics, advanced batteries, flywheels and other advanced technologies for space applications could usher in new solutions for terrestrial energy and improving the economic and strategic position of the United States.

NASA Glenn has transferred knowledge and technologies to partners from many different realms and has a long history of successful collaborations and repeat partners and customers. Through over 150 Space Act Agreements, 79 reimbursable, we partner with such organizations as the Department of Energy, the U.S. Air Force, the Air Force Research Laboratory in Dayton, the U.S. Army, Oakridge National Research Laboratory, Lockheed Martin, GE, Pratt & Whitney, Northrop Grumman Space Technology, universities, and many small companies. NASA Glenn has a long history of not only spinning off new technologies to industry, but also in taking products from industry and applying them to flight.  The Advance Stirling Radioisotope Generator, referenced earlier, is an excellent example of this application.  New energy conversion technology pioneered by Sunpower in Athens found a home as a key feature of the next generation of nuclear power generator.  This strong involvement with technology transfer has also occurred with other technologies for communications, high temperature materials, and instrumentation and controls. 

NASA Glenn has a long history of collaboration with the Air Force Research Laboratory in Dayton, Ohio.  The collaboration of these two major federal laboratories can be a key element in the emerging alternative energy market and could lead to significant economic growth across the State.

NASA Glenn, in partnership with industry and universities, has pioneered research that has led to the introduction of composite materials in gas turbine engine fan cases.  Through this work, technologies developed by NASA Glenn played a key role in the introduction of a composite fan case into the GEnx engine to fly in the new Boeing 787 aircraft.  These technologies were adopted because they led to significant reductions in engine weight (~350 lb per engine) and consequent increases in aircraft carrying capacity.  
NASA Glenn contributions to innovations in aviation safety include engine icing research.  Despite decades of effort, there is still incomplete understanding of the weather environments that can induce engine icing; for example, a growing aviation safety issue is flight near certain types of storm clouds that can cause ice to build up inside the core of jet engines and cause temporary shutdowns. NASA Glenn has established a project that will develop knowledge, tools and approaches that will enable the reduction of turbofan engine interruptions, failures, and damage due to flight in these high ice-crystal content storm clouds.  NASA Glenn will contribute, along with international and domestic partners, methods to define the natural ice crystal icing environment in flight.  We will also develop capabilities to simulate these conditions in ground-based ice-crystal icing test facilities and through better, more physics-based computations.  These simulation methods will enable a reduction in incidents and accidents attributed to engine icing and provide a means to ensure new engines are not susceptible to engine icing. 
In most of the above examples of innovation, NASA Glenn researchers worked with university, industry, and other government agencies.  It is widely known that the most innovative technology is invented by small businesses, often those that work in collaboration with larger companies or agencies.  As such, we partner extensively with others, and have had significant success.  NASA’s Small Business Innovation Research (SBIR)/Small Business Technology Transfer Program (STTR) provides an opportunity for small high-tech companies (500 employees or less) to participate in NASA-sponsored R&D efforts in key technology areas.  Since 1983, NASA’s SBIR/STTR Program has invested $67.8 million in Ohio’s small companies.  Over just the past 5 years, NASA Glenn established over 300 innovation research contracts with small businesses, including 77 in the state of Ohio.

Education and Workforce
NASA Glenn employs a highly educated technical workforce, and manages a number of highly effective education programs that expand the future pool of STEM (science, technology, engineering and math)-trained workers.  Approximately 64-percent of NASA Glenn’s 1662 civil service workers are scientists and engineers, and 69-percent of the scientists and engineers have earned advanced degrees and 25-percent doctorate degrees. 
NASA Glenn manages or supports five education programs for the Agency's Office of Education and the Mission Directorates, as well as fifteen education programs that are unique to the Center.  In the area of higher education, in the past several years, NASA Glenn has contributed substantially to training the next generation of scientists and engineers, to bolster the future STEM workforce of Ohio. The training through year-long, GRC-hosted undergraduate and graduate internships and fellowships, respectively, has cultivated a high caliber of participants from a wide array of students in universities and colleges across the state of Ohio.  NASA Glenn’s internship and fellowship programs have guided a high number of students and faculty in Ohio-based institutions to engage in meaningful and mutually beneficial projects towards advancing NASA’s mission.

From 2006-to 2010, 429 students representing 30 Ohio Colleges/Universities participated in NASA Glenn’s Summer Engineering and Research Internship program.  In 2010, two new hires and five co-op students were brought on board to participate in the NASA Glenn program.  Additionally, during this time-frame, the University Programs component recruited sixty-three undergraduates and twenty-five graduate students from Ohio universities and colleges into NASA Higher Education programs to work on NASA projects. In that time period, NASA Glenn invested $3.0 million to train the students who represented seventeen distinct Ohio universities and colleges. In the same five-year period, NASA Glenn has hosted thirty individuals holding tenured faculty positions in seven distinct academic institutions in the state. The Center’s investment in the five-year summer faculty fellowships totaled $718,000. Both students and faculty worked on cutting-edge research and technology projects during their tenure in internships and fellowships.  A number of the graduates from the NASA Glenn Fellowships and Internships are now gainfully employed in academic institutions and industry, some in the state of Ohio.  In 2010, NASA Glenn converted one of the graduate fellows into a co-op position which will subsequently lead to full-time employment at the Center. 

Regarding K-12 STEM Education Programs, NASA Glenn manages: the Agency’s three premier student and education training programs—the NASA Explorer Schools (NES) Project, the Science Engineering Mathematics and Aerospace Academy (SEMAA) Project and the Summer of Innovation (SoI) Project; numerous one-of-a-kind student/special emphasis programs and programs for the general public; and the Center-unique relationship with MC2 STEM High School in collaboration with the Cleveland Municipal School District.  The combined 2010 data for Ohio participants served by these programs is provided below.
	Number of Schools
	Number of Students *
	Numbers of Teachers*
	Number of Counties

	142
	2643
	230
	15


* Direct Engagement

Note: The data provided does not include the numbers served through GRC’s informal programs.  

Very recently, the NASA Office of Chief Technologist (OCT) established a “Space Technology Research Grants Program” to support and mature ideas for new technologies that show promise for future application toward NASA missions and strategic goals    NASA Glenn was selected by OCT to lead the implementation of this key Program. The Program is composed of two competitively awarded components called: (a) Space Technology Research Fellowships; and (b) Space Technology Research Opportunities.  The selected NASA Space Technology Fellows will be teamed with NASA mentors and perform innovative space technology research today while building the skills necessary to become future technological leaders.  The Space Technology Research Opportunities’ activities will support groundbreaking research in advanced space technologies at NASA field centers and not-for-profit research and development laboratories, with the option of including small business and industry partners.
Building Space Flight Hardware

NASA Glenn has a long successful history of developing and launching spaceflight hardware ranging from advanced technological components to major systems for human spaceflight.  The following are some notable examples of past experience and current work.
· Early work with experimental cryogenic hydrogen rocket engines led to powerful upper stages used on the lunar Surveyor mission that ultimately led to the use of liquid hydrogen upper stages for the Saturn V rocket Apollo missions.  
· NASA Glenn’s continued innovations with in-space propulsion led to early flights of experimental electric propulsion engines that dramatically increased efficiencies over chemical propulsion systems.  
· The NASA Glenn Advanced Communications Technology Satellite pioneered high frequency communication technologies that are now widely used for common commercial applications.  
· The development of the power system in use on the International Space Station (ISS) was led by NASA Glenn; applying its technical understanding of high performance power generation, storage, and distribution.  NASA Glenn continues to provide oversight of the power system as the ISS orbits the Earth every ninety minutes.
· Many flight experiments flown on International Space Station (ISS) today are designed and built at NASA Glenn to enable advancements in fluid physics and combustion science.  NASA Glenn supports the actual operations of the experiments through its ground communications station with the ISS.

· NASA Glenn has also contributed to the advancement of biomedical technologies and human physiological research using the ISS.  
· Recent space hardware contributions include NASA Glenn’s design and manufacture of the multi-story test hardware used for the upper stage of the Ares I rocket test flight.  
· NASA Glenn has historically been, as it is today, at the technological front end of NASA spaceflight projects.  Current spaceflight hardware in development at NASA Glenn includes the world’s most advanced ion engine, dynamic energy conversion systems used for interplanetary spacecraft, and cutting edge communication systems that will be flown on the ISS that will flight test a technology called software defined radios.  
· The ongoing development of NASA’s Multi-Purpose Crew Vehicle for use beyond low Earth orbit relies on NASA Glenn’s oversight of the service module segment that houses the propulsion, power and communication systems required for longer duration exploration missions.   
· NASA Glenn will also lead the development of the payload shroud for the Space Launch System.

· NASA Glenn is often asked to provide components to other NASA centers to enable challenging high performance missions that demand that latest technology for success.  Future spaceflight contributions will build on NASA Glenn strengths in energy and power, in space propulsion and cryogenic fluids, communications, and unique capabilities in materials and structures for extreme environments.
New Business Collaborations
I have given you multiple examples of how NASA Glenn technologies have positively impacted the nation’s space program, aerospace industry, and the State’s economy. Let me briefly address my vision of Glenn’s future. 
As a laboratory, in conjunction with the Greater Cleveland Partnership and the Ohio Aerospace Institute, we are aggressively pursuing meaningful, win-win partnerships with other government agencies and laboratories, industry, and academia in Ohio and across the nation to leverage the vast portfolio of capabilities we possess in terms of technologies, facilities, and our most valuable asset, our people to ensure our capabilities can have the maximum effect on creating new jobs and new high technology businesses for our State and our country.  The Center’s long standing and well recognized areas of excellence of power, propulsion, and communications are well aligned to contribute to our country’s economic vitality in the areas of advanced energy, health care, homeland security and defense, and innovative manufacturing. 
Specifically, with the direct support of the Dayton Development Coalition, we are expanding and deepening our collaborative relationship with the Air Force Research Laboratory (AFRL) to jointly leverage our combined technology portfolios so as to have a greater impact in areas such as advanced energy and aerospace medicine. The recent Department of Development (DOD) base realignment and closure effort has consolidated much of the DOD’s aerospace medicine work at Wright Patterson Air Force base and we are exploring how NASA capabilities can be utilized to support this major business opportunity for our state. NASA and AFRL personnel are exploring with State government personnel the application of the federal laboratory capabilities to support Ohio led efforts in advanced energy and innovative manufacturing technology development and commercialization. 
NASA Glenn has in place strategic relationships with the many research universities in the State to identify and perform collaborative research of mutual interest. We are now exploring taking these bilateral partnerships to the next level to work together on high priority areas such as advanced energy working with the University Clean Energy Alliance of Ohio (UCEAO). Job creation through start up and small businesses will be a key to Ohio’s economic rebirth and recovery and we are working with organizations such as NorTech and the Montgomery County Economic Development Coalition and the Dayton Development Coalition to identify meaningful partnerships between the private sector and our laboratory to promote demonstrations of NASA Glenn technologies which can foster economic development. As we go forward, NASA Glenn is committed to aggressively (and I mean aggressively) exploring and developing meaningful partnerships with all sectors of the Ohio community to get maximum return on the capabilities we have developed to support to Agency’s mission work of space exploration, scientific discovery, and aeronautics so as to have the greatest positive impact on not only our State but our country.
Conclusion

In closing, I would like to thank the Chairs of both committees and the committees’ members for the opportunity to testify today, Ohio Aerospace Day 2011.  As the Director of the NASA Glenn Research Center, I am proud to represent this tremendous asset to the State of Ohio. As I have enumerated in my testimony, the state is clearly at a critical point in defining its future.  NASA's integral role in and history of innovation is positioned to be a vital part in that definition.  

 

NASA Glenn’s highly skilled workforce, its unique facilities and its ability to develop technology make Glenn one of the keys to Ohio’s future.  With the President’s endorsement of NASA Glenn in his FY12 budget, NASA Glenn is ready and willing to work with other federal, state and higher education partners to make Ohio a leader in out building, out educating and out innovating others.  NASA Glenn and AFRL are critical federal assets in Ohio and represent a strategic advantage to Ohio in creating economic growth to rebuild the manufacturing industry within the State.
 

Thank you again for your time.  I look forward to making the Birthplace of aviation into the birthplace of innovation.
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