A Young Professional’s Perspective on the Future of Spaceflight at NASA

Dear Members of the Review of Human Space Flight Plans Committee,

It is my pleasure to write to you at this critical time in our nation’s spaceflight history. My name is Christian Carpenter and I am an average American. I was educated in public school from first grade until I received my bachelor’s degree from Auburn University. I have lived at all ends of the country spending at least four years each in North Carolina, Alabama, Ohio, and Washington States. I have a wife and two young boys, a 2000 sqft house in the suburbs of Redmond Washington, and two American cars (but only one of them runs). I teach Sunday school for teens each week at my local church and I pay my taxes. I was not alive during Apollo, but when I saw the photos of the Apollo landers returned from LRO, it was one of the landmark points in my life and I was eager to share that piece of history with my 3 year old son. Each Sunday my students are eager to hear what’s new in space. I and others behind me are proud of our Nation’s spaceflight heritage and want to see it continue. Despite the recent success of robotic mission like LRO, I like many others that I know are frustrated with NASA and the US Government’s leadership in space.

I have survived one of largest downturns in American spaceflight progress and am eager to see our Country return to greatness in this area. I recently turned 31 years old and I have been a rocket scientist for almost a decade developing monopropellant, bipropellant, and electric rockets for commercial, military, and NASA programs (including the Orion Service Module propulsion systems), yet I am still considered a “young professional” in the industry and do not anticipate that to change any time soon because the aerospace industry is aging. I left an onsite contractor position at NASA after 5 years to begin work at Aerojet because I saw that NASA was divesting its portfolio of advanced propulsion technologies and that workforce sustainability would be an issue in the coming years, while commercial companies like Aerojet were developing balanced technology portfolios that were sustainable in the long term. Since I left the advanced propulsion group went from 15 people to 5, with only the most senior civil servants remaining at NASA and with the junior people heading off to pursue other, more interesting work in academia and industry. This filter that has been setup at NASA by lack of investment in new research further entrenches a culture that is afraid of new ideas. NASA has grown to fear change and the appointment of new leaders, but change is what America needs and desires, as evidenced by our latest President’s campaign. NASA fears change because change leads to failure if not well understood or poorly implemented. Because NASA has already lost the knowledge base required to deal with change it has adopted a change and risk adverse culture that has lost our country the ability to continue forward in space. We need to take risks again for the sake of advancement and we need to take those risks in a responsible way.
 Exploration and the search for a better way of life is what this Country was founded upon, yet these ideals have been lost at NASA. Reading the “Report of the Advisory Committee On the Future of the U.S. Space Program” from December 1990 it is evident that NASA has had no major change in almost 20 years. In fact, reading Von Braun’s plans for NASA from 1969, one could conclude that NASA has had no major change in over 40 years, despite the amazing technological advancements that have been made. Even now, the thrusters that I am developing for Orion have significant “heritage” to those used during Apollo, because NASA is afraid of change. We need a NASA with strong, knowledgeable leaders that are committed to good technical decisions. We need a NASA that embraces new technologies and implements them sensibly. We need a NASA that can say “Yes we can” instead of “That’s the way we’ve always done it”. The President recently told Administrator Bolden to go out and inspire people again. I wholeheartedly agree while at the same time recognizing that inspiring people will be a difficult thing for NASA to do. 
The Apollo program filled a national emotional need for technical superiority in the face of a looming danger and reassured the nation that America could succeed and lead in the new frontier of space. In filling this role NASA created a reputation that was very difficult to live up to. Because Apollo accomplished something that transcended science and engineering NASA and “rocket scientist” are now synonymous not just with aerospace, but with extremely smart people solving large scale, impossible problems. That is the standard that NASA created during Apollo, and the one to which it will be held for the coming decades. When I talk with my friends I am always surprised at all the non-aerospace things that they think NASA should be working on and think that NASA can solve. I had dinner with some friends that other night and when I asked them what NASA could do that would be inspiring, one said “Do anything fast. We are tired of long programs.” Another friend mentioned that she wanted to see NASA complete something on budget. Eventually, Mars and asteroid missions were mentioned as possible candidates, but I was surprised that the general population could see that even the basics of sound schedule and budget were important and visible to them and that many non-aerospace things were desired of NASA ahead of what the aerospace community generally desires. NASA needs to understand the high esteem that the nation still holds for the organization and use it as inspiration to create progress instead of resting on the laurels of Apollo. NASA needs fiscal accountability and good technical planning from the architecture level down. Apollo was the hallmark of American success in the conception, management and operation of a large scale systems engineering program that was cutting-edge in almost all aspects. The NASA that is currently in place has failed fiscal audits and had unbelievable schedule slips in programs almost as long as I have been an engineer. This is largely due to NASA’s lack of systems engineering at all levels of the organization. This understanding must be regained if NASA is to be successful in the future and NASA itself needs to be inspired to live up to its reputation.
In order for NASA to embrace change and start living up to its reputation, we will need a plan and an architecture that allows mission flexibility. A flexible architecture should be able to accept changes in destination and architecture elements without having to go back to the drawing board. This likely means that NASA needs to throw out is current architecture, the staging of which drives requirements all the way from the Moon back to the pad, and instead implements a flexible architecture that allows technologies to be inserted as the come. A flexible architecture must define system interfaces in the appropriate locations. The launcher would only be required to deliver cargo to LEO, a lunar transit stage would be used for delivery of the crew or cargo, crew and cargo would likely fly separately to make use of efficient cargo stages, and the lander would only be required to perform landing. The current architecture’s blending of stages and elements creates little room for flexibility. For instance, requiring the lunar lander to perform lunar orbit insertion, not only requires the landing of large empty tanks, but it intimately links the lander to the service module so that the two are inseparable. Any small change to either element results in large changes to the other. When asked why NASA decided to use this vs. Apollo, the answer was of course “to reduce risk of docking in LLO”. However, upon further review one can conclude that this had little to do with risk, since it did not eliminate docking in LLO, and that the decision was likely made because the Ares I launcher, which I’m sure was already defined at the time, was incapable of lofting a service module with sufficient fuel to perform the lunar orbit insertion. I believe that a flexible architecture will help NASA in its goal to inspire people.
I believe that a flexible architecture allows NASA to partner with other industry sectors to solve long term problems, which helps show the link between the space program and daily life. For instance, in the near term, NASA could implement storable landers and partner with the hydrogen fuel cell industry to work towards a long term hydrogen storage solution. If successful, NASA would have helped solve a problem very key to the nation’s long term health and at the same time implement efficient hydrogen landers when the new technology became available and it would have no impact on the rest of the architecture. NASA could easily show how the investment bettered our nation and the space program at the same time.
I believe that a flexible architecture enables NASA to support the development of new technologies while accepting risk in a responsible manner. For instance, NASA could take another look at using electric propulsion for in-space cargo delivery. NASA’s current architecture does not allow insertion of this type of technology, because the stages are so interlinked. Yet, the technology has been shown in many studies (including both recent and Apollo era) to enable a 50% reduction in the in-space propellant required to ferry cargo between the Earth and Moon. In some studies, it was shown that one could actually implement a single heavy launch vehicle vs. the two launch approach if this architecture was implemented. While NASA barely considered this a mature technology in its trade studies, ESA has already used it to propel SMART-1 to the moon. I believe that SMART-1 demonstrates how afraid NASA is of change and how other nations have greatly benefitted by embracing new technologies. I believe that it would be very inspiring for the nation to see NASA using technology that has been highly visible to the public in science fiction, but not very visible in science fact, despite almost 40 years of use.
I believe that a flexible architecture enables NASA to partner with the private space sector. A flexible architecture with well defined interfaces could allow entrepreneurial companies to develop their own technologies to insert into NASA architecture. Programs like the Google Lunar X-Prize have already helped spawned companies that are looking at developing lunar landing stages for robotic missions. If the architecture was designed to allow them, I’m sure these companies would be very interested in developing human lunar landers. Imagine the inspiration that would be created if even one small company was able to develop a stage and successfully implement it in a NASA mission. NASA would have a clear tie to local job growth, the company would be stimulating the economy, and NASA could at little to no cost have a new asset in its space portfolio.

Finally, I believe that a flexible mission architecture combined with significant investment in propulsion research allows NASA to change its goals to align with the nation’s needs. If it turns out that the Moon is not the right destination, but rather asteroids or Mars, then that system architecture needs to be designed to allow for these new destinations. On page 631 of the ESAS report, I was amazed to find the statement “The ESAS architecture does not address the Mars phase in detail, but is recognized that traditional chemical propulsion cannot lead to sustainable Mars exploration with humans.” even though President Bush clearly gave NASA the direction to pursue a path to Mars. NASA has not made a significant investment in the advancement of propulsion in over 40 years, which, in addition to fear of risk, is why the current architecture was driven to Apollo like solutions for its propulsion. Well over 50% of what we launch into space is propellant. If NASA wants to create a truly mission flexible and sustainable architecture, NASA must return to making substantial investments in propulsion research in the near term, even if the technology cannot be immediately implemented. High performance green propellants, advanced storable bipropellants, and electric propulsion can all help NASA achieve its goals, yet the current propulsion investments are aimed at simply resurrecting Apollo era propulsion systems with very minimal changes. I believe that people would be inspired if NASA were able to quickly and successfully shift goals as national agendas changed and I believe that it would allow NASA to keep the nations interest in times of uncertainty and change in politics. 

I submit to you that NASA has a duty to live up to its reputation as an organization of smart people solving difficult problems that have national impact. I urge you to recommend that NASA can inspire people by responsibly embracing change and by taking on challenging missions such as missions to the Moon, near Earth asteroids, and Mars. I urge you to recommend that NASA implement fiscal accountability, work to aggressive yet achievable schedules by regaining its knowledge base in systems engineering including not only space technologies, but other areas such as the critical information systems required to run daily operations. I urge you to recommend that NASA implement a mission flexible architecture that can rapidly change destination and insert new technologies. Finally, I strongly urge you to recommend that NASA make significant investments in propulsion technologies, as these investments will be enabling to whatever path NASA chooses to take in the future. My generation still believes in the greatness of our nation and wants to be inspired by the spirit of exploration and risk taking seen during the Apollo program. I challenge NASA to become the organization that implements this spirit.







Sincerely,

Christian Carpenter








Senior Project Engineer, Aerojet








Senior Member, AIAA
