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      AAS – Advancing All Space

      Lyn D. Wigbels
      lyn.wigbels@cox.net

American Astronautical Society’s 60th Anniversary!
This year, we will celebrate the 60th Anniversary of our Society! For six decades, we have made significant contributions to the ad-
vancement of space activities through our excellent technical and programmatic conferences and our highly respected The Journal of 
the Astronautical Sciences. These have supported and responded to the creation and maturation of the space program – from dreams 
and inspirations to the development of space capabilities enabling exploration and the generation of new knowledge. At a very early 
stage of its existence, our Society recognized the need to reach out globally and joined the International Astronautical Federation and 
has remained a member to this day. Over the past decade, we have continued our emphasis on international issues with the addition 
of an International Cooperation Award and the establishment of a widely recognized International Programs Committee that has or-
ganized many activities over the years to support international cooperation in space. As the Society has evolved, it has made strides 
in the space policy and law arenas as well as undertaken initiatives to support the next generation. We have much to be proud of!

Now we’re poised to embark on our next 60 years and ensure that our Society remains strong and continues to contribute to the ad-
vancement of astronautics.

To kick off the year, we created a new logo to recognize our anniversary:

In addition, AAS officers and directors held a strategic off-site in January to review progress we made last year and develop our plans 
for 2014 and beyond. To guide our discussions, we reflected on a set of draft Strategic Plan Implementation Goals that were devel-
oped in the context of the new AAS Strategic Plan approved late last year. Each of these goals relate to one or more of the missions 
in the Strategic Plan:

Goal 1: Enhance the robustness of the space community by helping our people, our profession and our endeavor flourish.
Goal 2: Broaden the technical and programmatic capabilities of the space community with relevant, timely high quality events and 

publications.
Goal 3: Increase our role in the development of space policy, and education support for its implementation and resourcing.
Goal 4: Expand our role in facilitating international understanding and cooperation in space activities.
Goal 5: Increase our efforts to enhance the appeal of space as a compelling career choice.
Goal 6: Ensure our stewardship of the Society to strengthen it and to improve the service we provide to our members and the space 

community.

We have an exciting set of activities in the queue for this year. While continuing to organize our technical meetings and Goddard 
Symposium and Von Braun and ISS conferences, we plan to increase the number of smaller and more focused events on topical issues. 
We also plan to hold a smaller event on ISS Utilization in Washington this spring to provide an opportunity for those in the Washing-
ton space community to hear some of the highlights from our annual ISS conference. While these will all be occasions where we can 
celebrate our 60th anniversary, we are also looking at other opportunities and will keep you informed as they arise.

Thank you for your support and active involvement in AAS! I look forward to working with you in 2014 to achieve the Society’s 
goals and position it for making even greater contributions in the future.
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Mars-X: Human Exploration of Mars from
Martian Orbit
by	Udrivolf	Pica,	Adrianos	Golemis,	Alessandro	Grasso,	and	Phillippa	Blaber

Introduction

For the advancement of the human species, we must leave the cradle of Earth and extend human presence to the rest of the Solar 
System and beyond. In the Mars-X report, we identify the problems associated with sending humans to a Martian moon and re-
turning them safely to Earth. Our team suggests a framework for addressing these challenges by proposing an alternative option 
to the International Space Exploration Coordination Group’s (ISECG) Global Exploration Roadmap (GER). In this alternative 
framework, we advise going to Phobos as a preliminary step to exploring Mars. This contrasts with the missions to the Moon and 
Near-Earth Asteroids outlined in the GER (Fig 1). Located at an enticing distance from the Earth, the Red Planet has properties 
that make it an appealing destination for the advancement of human space exploration. Scientific experimentation, technological 
advancement, and In-Situ Resource Utilization (ISRU) are some of the many drivers behind this endeavor. Our proposed mission 
is an intermediate step towards setting foot on Mars’ surface by developing and enhancing preparations for future missions. Mars-
X focuses on investigating whether all the technologies required for a human mission to Mars can be tested on a single mission 
to Phobos. For the mission to achieve 439 days in orbit around Mars, we propose a three-phased launch architecture beginning 
in 2020. We have outlined how technologies such as nuclear thermal propulsion, advanced radiation shielding, tele-operation of 
robotics, and artificial gravity will help to achieve the goals of our mission. Our project also provides initial research into exciting 
potential future technologies, including 3D printing for space missions, and ISRU of Phobos, possibly leading to future applications 
on Mars. Within the project we have addressed political, legal, ethical, and economic aspects such as fundraising through Public 
Private Partnerships (PPP). We have also discussed the potential for the involvement of space faring nations in this international 
venture. Mars-X brings a unique perspective to the challenge of advancing human exploration throughout space by outlining the 
possibility to test all the technologies proposed in the Moon and Asteroid-Next scenarios with only one mission, named Phobos 
Next Approach.

Fig. 1: Optional Pathways in a Common Strategy
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Architecture

As a first step, we analyzed some primary criteria considered to be drivers for the mission. They are listed here in order of importance:

•	 Astronaut safety throughout the entire journey
•	 Availability for sending humans to Phobos within a specific and attainable schedule, as early as 2024
•	 Demonstrations of the technologies proposed in the GER

To satisfy the evaluation criteria, a three-stage mission was selected. The main characteristics of each stage are:

Preparatory Launches

Prior to the mission, there will be preparatory launches through which communication relay satellites will be sent to Mars along 
with the robotic network and other essential elements.

Spacecraft Construction

This phase involves assembling the spacecraft in Low Earth Orbit (LEO). There will be a number of launches during this phase:

•	 Unmanned phase: Multiple cargo launches including engine, fuel tanks, fuel, habitat modules, additional rovers, scientific 
instrumentation, Martian surface landers, supplies, and other equipment

•	 Manned phase: A single launch with crew on-board

Phobos Mission

The human flight section of the mission will take place during the last phase. This involves a total duration of 919 days. Figure 2 

Fig. 2: Mars-X roadmap
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demonstrates the overview of the Mars-X Mission timeline, which commences at the beginning of 2014 and finishes at the end of 
2027. Fig. 2 shows the Mars-X roadmap.

Major assumptions

The major assumptions for the Mars-X mission cover development of several key technologies, such as:

•	 Nuclear engine development
•	 Launch vehicle development
•	 Radiation shielding improvements
•	 Cryogenic fuel management and fuelling infrastructure
•	 Closed life support system 
•	 Low gravity and high radiation environment mitigation for humans

•	 Advanced Extra-Vehicular Activities (EVA) spacesuits

Scientific objectives

Scientific research for the future is a cornerstone of this mission. Therefore, the science objectives were chosen to maximize the 
impacts of this research for landing humans on the Martian surface. The project aims to:

•	 Measure radiation levels on the Martian surface to verify or eliminate current models, and to determine whether or not radia-
tion levels are suitable for human habitation.

•	 Make long term observations of certain properties of the global atmosphere, such as the vertical profile of aerosols; surface 
pressure; the location; magnitude and dynamics of electric fields; and the coupling behavior of atmospheric electricity and 
dust storms.

Fig. 3: Robotic Network Sites: L1 is at the Holden Crater, L2: Mawrth Valles, G1: Eos Chaos, GH1: II Thyle I, V1: Syrtis Major Planum, A1: Southern 
Highlands, C1: Arsia Mons, SR1: Hellas Planitia.
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•	 Study geysers and their compositions to gain a greater understanding of their origins.
•	 Provide a greater understanding of the elements and compounds present on the floor of the canyon system, which will allow 

a more comprehensive understanding of its origins.
•	 Locate regions of high concentration of methane expunged from the volcanic regions of Mars, and determine whether they 

can be used for future In Situ Resource Utilization.
•	 Understand the properties of, and differences between, the distinct red and blue units of regolith on Phobos.
•	 Discover basic carbon-based organic compounds on Mars.

A robotic network will be used to achieve these scientific objectives. This network will consist of (a) two rovers (L1 and L2) 
searching for life on Mars; (b) one rover (G1) and one hopper (GH1) for geological research; (c) one rover (V1) to detect methane; 
(d) one “Ares-type” flyer (A1) to measure atmospheric and radiation environments; and (e) one balloon (C1) to explore the cave 
systems. Finally, there will be (f) a sample return lander (SR1). The locations for the sites of the robotic network are shown in Fig. 3.

The Spacecraft

The 55-meter Mars Exploration Vehicle (MXV) will be assembled in LEO with a dry mass of 215 tons and total mass of 500 tons 

Fig. 4: Mars Exploration Vehicle Design Breakdown
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Fig. 5: Martin Moon Outpost Assembly Procedure

(as shown in Fig 4). While designing MXV, ideas were incorporated from previously designed missions to Mars (such as NASA’s 
DRA 5.0 and its predecessors). The MXV introduces a new modular design, consisting of two inflatable habitats, nuclear bimodal 
thermal propulsion engines, fuel tank modules with Zero Boil-off cryogenic management system, and capability to create artifi-
cial gravity. The design of MXV was completed after several iterations of ∆V budgets and trajectory selections. These iterations 
considered different travel times and durations of stay in Martian orbit.

The Nuclear Thermal Rocket (NTR) engine is a leading propulsion system for human Mars missions. For the Mars-X mission, we 
decided to use this technology as the main transportation method because of its proven technology, higher performance, and lower 
overall launch mass in LEO. As an example, if chemical propulsion (Isp of 450 s) was chosen for this mission, then the spacecraft 
initial LEO mass in orbit would have to be around 1,340 tons, rather than the current 500 tons.

The Martian moon outpost

Once the orbit of Phobos is reached, the Martian Moon Outpost (MMO) will be assembled on the surface of Phobos in Stickney 
Crater. The Phobos Unmanned Lander will be used to berth with Phobos semi-autonomously, with guidance from the orbiting crew 
nearby. It will contain a berthing mechanism and an airlock to perform EVAs. The lack of gravity on Phobos makes it difficult to 
stay connected, so a berthing mechanism will be developed to anchor the spacecraft to the surface. On each of its six or eight legs, 

a damping mechanism would absorb shock, while a unidirectional drill would penetrate the surface, deploying baffles and liquid 
material into the gaps to secure and fasten the module to Phobos. After berthing, the empty fuel tank modules will be docked with 
the lander, assembling the MMO, as shown in Fig. 5.

Innovation introduced

One of the biggest advantages of the Mars-X mission is that it creates the foundations for human Mars exploration. The MMO 
on Phobos can function as a storage depot as well as a relay satellite. In the event that water is discovered on Phobos, empty fuel 
tanks could be refueled with liquid hydrogen via electrolysis for use in future missions. Another rationale behind establishing a 
moon base on Phobos (instead of Deimos) was its orbital period and distance from the Martian surface, which, all together, gives 
a single communication window with time duration of approximately four hours every eleven hours. The simulations in Fig. 6 
show that placing two relay satellites on the same orbit as Phobos with a true anomaly difference of 120˚ would result in having 
continuous near-real time connection with the Martian surface latitudes of ± 65˚.
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Fig. 6: Satellite Network Continuous Mars Coverage (Green: RelaySat_1, Red: RelaySat_2, Yellow: Phobos Base, White: Relay Link)

These communication satellites will allow continuous teleoperation of robotic vehicles from Martian orbit with only a very short 
delay time of up to 200 ms. Additionally, the satellites could be equipped with laser communication systems to increase the trans-
mission rates within the robotic network anywhere from 10 times up to 100 times, if compared to radio communication. All the 
Mars-X robotic network architecture components will implement a set of protocols and standards recommended by the Delay-
Tolerant Networking (DTN) specifications, to ensure compliance and compatibility with future Mars missions.

Human performances in space

Space radiation remains one of the most critical issues related to long duration manned missions. The outbound trip towards Mars 
will take place during a projected solar maximum in 2024, minimizing the crew’s exposure to Galactic Cosmic Rays (GCRs). For 
the Solar Particle Events (SPEs), material, magnetic, and electrostatic shielding were considered, with material being chosen for 
its combined simplicity and reliable performance. Polyethylene was determined to be the most appropriate for this purpose. High 
Density Polyethylene, HDPE, (0.97 g/cm3) has the highest shielding capability (10 g/cm2) and will be used to shield the two human 
modules. It is estimated that the crew may encounter up to five large SPEs during the mission. A special solar storm protection 
chamber will be available on the spacecraft to mitigate this risk, surrounded by a 50 cm thick layer of de-ionized water that will 
be continuously circulated around the shelter in polyethylene pipes. The water in this circulation system is derived from the closed 
loop life support system; its dual-use capability solves the problem of spacecraft mass overrun.

Together with radiation issues, it is critical to take into account the adverse effects of microgravity on the human body, e.g., bone 
demineralization and muscle atrophy. It is predicted that a two-year mission without significant mitigation will cause a loss of 40% 
in muscle and bone mass on average. The only true countermeasure that mitigates all microgravity-related risks is artificial gravity. 
From scientific studies, it has been suggested that 0.5 g is needed to maintain normal human performance, and that the minimum 
required level is 0.3 g. In the case of Mars-X, the whole spacecraft will be spun to achieve a gravity level of 0.38 to 0.53 g, providing 
a test bed for experiments in Martian gravity and also mitigating the microgravity effects on the crew, as demonstrated in Fig. 7.

The Mars-X mission that will bring humans to Phobos will have a duration of 919 days, which could present extraordinary psy-
chological challenges to the astronauts, as never before have humans been isolated and confined in space for so long. Internet 



10	 SPACE TIMES	•	January/February	2014

Fig. 7: Artificial Gravity Level Variations throughout Different Mission Phases

access can be a great asset in the battle against isolation, acting as a portal to the rest of civilization. With current advancements 
in the development of Disruption Tolerant Networks (DTN), it could be possible for astronauts to surf the Worldwide Web with a 
small time delay, allowing the crew to read the news or even watch sporting events. Meanwhile, a more stable and interplanetary 
Internet could be established. The internal architecture of the spacecraft can also play a pivotal role in maintaining crew morale 
over extended periods of time. This can be done by using a Sensponsive (sense-responsive) Architecture, which aims to adapt the 
flexible and transformable spacecraft interior in response to the behavior that astronauts display.

The Consortium idea

Mars-X has defined the governing authority for the viable execution of the proposed gateway on the Martian moon of Phobos. The 
idea is a public-private partnership model involving the creation of a new intergovernmental authority, the Mars-X Consortium 
(MXC). This will consist of, at a minimum, the fourteen ISECG members and the transnational corporations wishing to develop 
the project. This commercial entity combines State reliability and legality with the flexibility of industry on an international level. 
In addition to the acquisition and distribution of scientific data, the Mars-X Consortium will be responsible for resource specula-
tion and allocations, ingress and egress routes, and mission resupply, using a “Port Authority” model as an ideal analogue.  Similar 
to the Suez seaport, this model allows a public entity to plan, facilitate, and regulate the initial construction and port extension, 
acquiring the large amount of capital needed.

The Mars-X Consortium partnership model seeks to bring all nations to the endeavor, which will increase funding levels. Extensive 
partnerships with the private sector composed of numerous transnational corporations will engage resources previously untapped. 
A request for proposals or call for tenders by the Consortium will invite private industry buy-in as equal voting members in the 
Consortium. Once added, these members will make identical financial contributions as the members States themselves. The Con-
sortium will have sole proprietary rights to the application of technologies resulting from this mission. Land will be leased to the 
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Table 1: Cost Estimation for Mars-X Mission

company for use whether through ISRU, commodity production, gateway services, or habitation. The company will retain the right 
to use member logos and reserve sole access to media and distribution rights for profit. Distribution of data such as maps, genetic 
life found, scientific data, and more, will be available for sale by the company. Given the potential profitability of the project 
demonstrated in business studies, private entities will have access to capital as a way to leverage additional financial capabilities, 
resulting in public/private shareholders.

Costs

Preliminary space mission costing can be estimated relatively accurately by using analogies from the past along with known param-
eters. Analogies must be applicable to the planned missions, in technical complexity as well as in their macroeconomic background. 
It is important for this costing technique that the information sources used are trustworthy. There is no costing analogy available 
for any human missions to Mars. As a result, a significant number of assumptions were incorporated based on how relevant the 
conditions were to the Mars-X mission. In the mission cost analysis, the following main parameters and analogies were observed, 
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with correction factors for subsystems and distinguishable parts of the program, as indicated in Table 1.

Conclusions

Mars-X is a mission that has all the ingredients to be as big as the landing on the Moon. The reach of media now exceeds its reach 
during the 60s. As shown in Figure 8, a shape from the book Le Petit Prince (Antoine de Saint Exupéry) of a boa constrictor that 
ate an elephant looks similar to the general interest in space. Mars-X expects to change the curve by educating the public and in-
spiring them with new dreams and questions. A Mars-X TV show in one concept. The inspiration of the mission can be harnessed 
to educate the public, increase awareness of outer space, and to raise funds.

There is a common consensus that Mars is the next goal in solar system exploration. Landing on a moon of Mars will create syn-
ergies in politics, education, and science, while fuelling economic vitality in engineering. Becoming an interplanetary race will 
elevate the people of Earth to a new level of thought. Mars-X will be a monumental turning point for humanity, and will put fresh 
wind in the sails of discovery.

Acknowledgements

Mars-X was the result of the Team Project by 27 students from 16 different countries at the 2013 Master’s Program of the 
International Space University. The authors of this article would like to thank and acknowledge the contribution of all the 
team members, whose participation has been equal in content and importance for the project and for this paper. Our team 
members are: Edu F. Aymerich, Matthew Berkeley, Phillippa Blader, Adrianos Golemis, Vanessa Gomez Gonzalez, Alessandro 
Grasso, Seung Beom (Bill) Hamm, Guillaume Houdu, Rakshatha Kabbaligere, Andrey Kostylev, Meng Li, Piotr Murzionak, 
Vikrant Narang, Aleš Nohel, Sireesh Pallikonda, Udrivolf Pica, Enea Sacco, Skyler Shaw, Chrishma Singh-Derewa, Szymon 
Stuglik, Graeme Taylor, Angélique Verrecchia, Mart Vihmand, Wei Wang, Thomas Wilson, Yanhong Wu, and Lindsey Yee.

Many thanks go to our advisor Associate Professor Hugh Hill, to Ms. Carol Carnett, and to the rest of the International Space 
University faculty, staff, and students. We would also like to thank the many experts who devoted their time and skills to 
help us enhance the quality of our work. Moreover, the Mars-X Team would like to express our deep gratitude to NASA’s 
Human Exploration and Operations Mission Directorate and Lockheed Martin Space Systems Company for their support 
and generous sponsorship for the fulfillment of this project.

The full detailed report is available for download at www.project-marsx.com

Fig. 8: Drawing from Le Pitit Prince adapted to space exploration



	 13SPACE TIMES	•	January/February	2014

Workshop Report: Affordable Missions to Mars
December 3 – 5, 2013     
George Washington University

During December, a workshop jointly sponsored by the American Astronautical Society and Explore Mars, Inc. concluded that 
initial human missions to explore Mars are both feasible and affordable within two decades. However, sixty-plus workshop pro-
fessionals determined that difficult decisions by the world’s space agencies are required in the near future. These decisions must 
be sustained over many years.

The greatest obstacle to initial human missions to Mars is likely not future technologies, engineering challenges, or human safety, 
but rather the perceived high cost of scenarios developed to date. Total costs of at least several hundred billion dollars distributed 
over a couple of decades have been frequently cited. Such costs are substantially less than for other priorities in the developed 
world: health care, transportation, and entertainment. However, costs for a future human exploration program are significantly 
greater than that of the Apollo, Space Shuttle, or International Space Station (ISS) programs. The costs are likely to be unafford-
able in the current political and economic environment.

In recent years, scenarios have been developed for initial human missions to Mars for which the estimated costs are comparable 
to (or less than) previous major human space flight programs. It was these more recent scenarios that motivated a workshop that 
would assess initiatives, management plans, use of the ISS, and coordination among aerospace companies and space agencies to 
substantially reduce costs for human missions to Mars. The workshop was the first in a series of activities to develop a feasible 
and affordable program.

To summarize the final report, the workshop produced six Principles of Agreement:

1) Mars should be the priority for human space flight over the next two to three decades.

by	Harley	A.	Thronson

Workshop participants (Source: Harley A. Thronson)
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2) The goal of sending humans to Mars is affordable with the right partnerships (international, commercial/industrial, inter-
governmental, etc.), commitment to efficiency, constancy of purpose, and policy/budget consistency.

3) Human exploration of Mars is technologically feasible by the 2030s.

4) Between now and 2030, investments and activities in the human exploration of space must be prioritized in a manner that 
advances the objective of initial human missions to Mars beginning in the 2030s.

5) Utilization of ISS, including international partnerships, is essential for human missions to deep space.

6) Continuation of robotic precursor missions to Mars throughout the 2020s is essential for the success of human missions 
to Mars.

The workshop identified five “Actionable Items” to be pursued over the coming year:

1) Scenarios and Cost Analysis: A clear definition of potential Mars exploration scenarios is highly desirable, including cost 
analysis with the cooperation of the international community. The activity will take advantage of the Global Exploration 
Roadmap (GER) and associated activities, although with more detailed engineering analysis.

2) Level 0 and 1 Requirements: Development of widely accepted Level 0 and Level 1 requirements for initial human space 
flight missions over the coming two decades is an important early priority.

3) ISS and Exploration: An assessment of capabilities on ISS necessary to enable Mars exploration versus those that would 
require a follow-on facility, including coordination with the deep-space mission capabilities of SLS/Orion/ground systems 
programs.

4) A “Bridge” Facility to Follow ISS: Should significant in-space capabilities be required that cannot be demonstrated on 
ISS before initial Mars missions, it may be necessary to define scenarios and engineering designs for the “bridge” facility.

5) Improve ISS as Analog: Revising ISS logistics and operations will be desirable to increasingly mimic initial Mars mis-
sions, including using ISS as a priority demonstration platform for operations concepts such as in-space telerobotics, 
contingency analysis, and testing of exploration-class extra-vehicular activity (EVA) suits. Focus should be placed upon 
global partnerships among space agencies and the private sector.

The workshop final report may be found at http://www.exploremars.org/

Dr. Harley Thronson is the Senior Scientist for Advanced Astrophysics Concepts at NASA Goddard Space Flight Center 
and Vice President Programs for the American Astronautical Society. During his seventeen year career at NASA, he has 
been Program Scientist for several major programs, including the Hubble and Spitzer Space Telescope, SOFIA, FUSE, 
and Astrobiology.

Renew your membership or join AAS
at www.astronautical.org
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In January, William Gerstenmaier, associate administrator for NASA’s Human Exploration and Operations Mission Directorate, 
announced that the White House intends to extend international space station operations from 2020 to 2024 as part of the 2015 
budget request to Congress. He also said that NASA has talked to its international partners about this. The issue for everyone 
is coming up with the necessary funds to support the proposed extension. In Europe, many of the participating countries face 
financial difficulties and may rather be tempted to consider reducing expenditures for space activities. I am, however, confident 
that the European Space Agency member states will find a consensus and that the international space station will remain there 
at least until 2024.

Financial difficulties are by no means a new issue for the ISS. I still remember that 20 years ago, in 1994, when I took over 
the responsibility for the human spaceflight program at ESA, the European space programs were at a crossroads and Europe’s 
participation in the ISS in particular was under threat of cancellation. Estimates put the costs of the European Columbus labora-
tory at more than 1 billion euros ($1.2 billion). It should have been brought in several space shuttle flights to the station. This 
we had to change, so that Columbus as a whole could be transported by a single flight. 

With a very committed team and within six months we redesigned the program and based it on the Columbus laboratory and 
the Automated Transfer Vehicle (ATV) as essential elements. The main contractor presented us with a proposal for a Columbus 
laboratory that was only half as large but still featured exactly the same experimental capacity as before. It could fit in one shuttle 
flight to the ISS and should cost about half of the original estimate. We were thus able to submit a proposal to the ESA Ministerial 
Conference in 1995 in Toulouse, France, that contained, in addition to Columbus, the ATV. This proposal was then accepted by 
the European ministers in charge of space.

Europe’s other partners in the ISS have not been better off. Every few years there was a budget crisis somewhere. While unity 
gives strength, it may also lead to hesitations and delays. The ISS once even survived by only one vote an attempt to cancel it 
in the U.S. Congress. Some tragic accidents led to additional doubts and threats. But each time the ISS successfully came out 
of the tunnel.

It is worth pointing out that the ISS not only made it through many programmatic changes, but also adapted itself to some 
fundamental reorientations in its very raison d’être. The ISS, like all its forerunner space stations, was a child of the Cold War, 
but it carried the DNA of human spaceflight from much earlier times. Before engineers even drafted the first plans for Skylab 
and Salyut, visionary authors of the 19th century had already laid down their ideas about human spaceflight. Together with 
rocket travel to the Moon, a space station in orbit around Earth was one of the two recurrent themes in the early science fiction 
novels. But only the Cold War brought these dreams to fruition.

Lunar exploration and space station were closely interwoven ideas. One was the consequence of the other and political and 
technical developments affected them in reciprocal ways. As a result of the famous Sputnik shock of 1957 and the Space Race 
between the two superpowers that it triggered, lunar landings took the initial lead over circumterrestrial space stations. When the 
United States won the Moon race with Apollo, the Soviet Union turned its attention to space stations with the Salyut and Mir 
programs. Then, when the Apollo program was ended, the United States too turned its attention to low Earth orbit with Skylab 
and the space shuttle program.

Europeans too were galvanized by Sputnik. Everywhere, space activities developed. Europe quickly realized that national 
space projects alone would not be the right step to take Europe into space and that Europe could only achieve something mean-
ingful if one could bring together all resources in order to work together. However, human landings on the Moon or a permanent 
human outpost in low Earth orbit exceeded by far the European capabilities. Both superpowers saw their roles in the respective 
human Moon and low Earth programs as a way to foster and demonstrate their leadership. Europe could only take, if at all, the 
role of a junior partner.

The International Space Station: a Case for Peace
by Jörg Feustel-Büechl
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So the European countries cooperated among themselves in areas like science and technology, telecommunications, Earth 
observation, navigation, launch vehicles and human spaceflight, where they could find common interests and build up space 
programs that were characterized by balanced national leadership, compromise and consensus. At that time, such cooperation 
was not merely seen as a chance, but also perceived as a burden for Europe; many observers looked with some envy at the United 
States or the Soviet Union, where things seemed to be that much easier with only one government to decide and one common 
language spoken among all stakeholders.

Things changed fundamentally in 1990. With the end of the Cold War, the concept of a bipolar world also came to an end. 
All of a sudden the balance of mutual interests, compromise and consensus became of growing importance in international rela-
tions and gradually replaced the former approach of only U.S. and Soviet leadership. The longstanding experience of Europe 
in cooperative space programs, mainly through the European Space Agency, suddenly turned from a handicap into an asset and 
a role model. 

After the abandonment of Russian plans for a successor to the Mir station, in 1993 Russia became a major partner of the ISS. 
The participation of Russia was certainly the factor that stabilized the entire ISS program. Without Russia, the United States 
probably would have given up Freedom, as the Western space station was then known. But true collaboration on the ISS was 
only possible as far as consensus could be reached between the sovereign partners. The need to clearly define goals and expec-
tations in the cooperative venture so as to avoid misunderstandings was obvious. Without the profound experience of Europe 
in mutually beneficial cooperation schemes and its influence on the other ISS partners, the introduction of Russia into the ISS 
partnership might not have worked so smoothly, if at all. 

Nothing demonstrates better the progress that has been made on the long way from political enemies to reliable and mutually 
dependent peaceful cooperation partners than the astronaut training concept for the ISS. Since 1998, all European astronaut 
activities are merged in Cologne, Germany, at the European Astronaut Centre. There, however, not only European astronauts 
but all the other astronauts on the ISS — Americans, Russians, Japanese and Canadians — are trained for their tasks with Eu-
ropean laboratory equipment. In the opposite way, European astronauts go to Houston, Star City in Russia, Tsukuba in Japan, 
or Montreal to learn to operate the systems and components of the partners. This is part of the basic understanding between 
the international partners that any partner who owns a laboratory or another infrastructure element on the station trains the 
astronauts of all partners for it.

There is also a somewhat anecdotal example of the progress that has been made thanks to the ISS with regard to Cold War 
times: The third non-Soviet citizen cosmonaut to fly to a Soviet space station, then Salyut 6 in 1978, was the East German air 
force officer Sigmund Jaehn. The first non-American astronaut to fly on the U.S. space shuttle, with the ESA Spacelab mission 
in 1983, was the West German ESA astronaut Ulf Merbold. Coincidentally, at the time of their historical spaceflights, both 
astronauts had different passports — Jaehn came from the German Democratic Republic, Merbold from the Federal Republic 
of Germany — but both were born in the same region in the heart of Germany, at places that were only about 30 kilometers 
apart. After the fall of the Iron Curtain, Jaehn and Merbold found themselves working in the same space program, first for the 
Russian space station Mir and then for the international space station.

Ten years later, in 2001, ESA together with the other international partners received a letter from the King of Spain informing 
them that the ISS was awarded one of the most coveted prizes in the world, the Prince of Asturias Award, the highest prize in 
Spain, awarded yearly to a select number of personalities in different fields. The ISS won the prize in the category of interna-
tional cooperation.

After 20 years of successful peaceful cooperation among the space agencies of the United States, Russia, Europe, Japan and 
Canada in this unique undertaking, time has come now to consider the international space station for the highest award in this 
field on an international level: the Nobel Peace Prize.

This article was first published in the February 3, 2014, issue of SpaceNews.

Jörg Feustel-Büechl is former head of the ESA Directorate of Human Spaceflight.



	 17SPACE TIMES	•	January/February	2014

FEATURED HIGHLIGHTS
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American Astronautical Society Applauds
Decision to Extend International Space Station
The American Astronautical Society applauds the Obama Administration’s decision to pursue the extension of the International 
Space Station until at least 2024. “The International Space Station is a shining beacon of human progress,” said AAS President 
Lyn D. Wigbels. “This incredible engineering project, now continuously occupied for over 13 years, has proven to be an ideal mi-
crogravity and space environment research laboratory, helping to advance fundamental knowledge in biology, physics, astronomy, 
medicine meteorology and materials science. The ISS is also a great example of international cooperation which will help pave 
the way for future human exploration beyond low Earth Orbit. AAS has long championed through our annual ISS Research and 
Development Conference the tangible results the American taxpayer gets from our investment in the U.S. National Laboratory 
onboard the ISS, and other ISS activities. We certainly hope that Congress will support the decision to extend the ISS in the NASA 
Authorization Bill and that our International Partners will also continue to link arms with us as we look forward to at least another 
decade of scientific and exploration progress onboard this remarkable facility.”

Guidelines for Submitting Articles
for Publication in SPACE TIMES

SPACE TIMES is a magazine, as opposed to a technical journal, and articles are written in active voice with a 
clear explanation of technical concepts. The tone leans more toward conversational rather than formal. Articles are 
written for a well-educated audience that has a great interest in space topics but may not necessarily be familiar 
with your specific topic.

Virtually any topic involving space science, technology, exploration, law, or policy may be covered. Issues relevant 
to the civil, commercial, and military and intelligence space sectors alike are also welcomed.

Feature articles (600-3,500 words), op-eds (500-1,500 words), and book reviews (600 words or less) are ac-
cepted. Exceptions are handled on a case-by-case basis.

Articles must be submitted in Microsoft Word format, Times New Roman font, 10.5 pt. Other formatting is handled 
by the production manager during the editing process.

Submission of photos or other visual support is strongly encouraged but is not required. If graphics are submitted, 
the images must be provided in JPG format in high resolution of at least 300 dpi (CMYK for color and grayscale for 
black and white). PDFs may also be accepted, depending on the item. Caption(s) and source(s) of the image(s) 
must be provided.

Visuals may not be embedded in the final submitted article but must be provided separately. However, a copy of 
the article with the visuals embedded should be provided for layout purposes. Proof of permission from the owner 
of any photos or other visuals, or contact information for the owner if permission has not been secured prior to 
submission of an article, should be provided.

Articles must include: (1) a title; (2) a one to two sentence summary of the article for index purposes (optional); 
(3) if applicable, subheadings providing separation between major sections of the article; (4) a one to two sen-
tence byline/author biography which will appear at the end of the article; and (5) the current mailing address of the 
author(s). Five complimentary copies of the issue in which the article appears will be mailed to each author. A PDF 
of the article will be emailed upon request only to the primary author. The full magazine is also available in PDF at 
www.astronautical.org.

The standard submission deadline is the 15th of the month prior to the issue date (i.e., December 15 for the 
January/February issue). Please submit articles or inquiries to dthompson@astronautical.org, or contact Diane 
Thompson at the AAS office at 703-866-0020.
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On behalf of the American Astronautical Society (AAS), which for 60 years has held conferences and meetings enabling govern-
ment, industry and university scientists, engineers and students to meet and discuss developments in our technically complex 
field, we welcome the opportunity to comment on the subject of your January 14, 2014 hearing, “Examining Conference and 
Travel Spending Across the Federal Budget.”

While we recognize the need for the government to economize, placing across the board restrictions on conference and meeting 
attendance by government professionals inhibits the free flow of information and dialogue between professionals that is necessary 
to advance the progress of America’s scientific enterprise.  Indeed, by law the National Aeronautics and Space Administration 
has an affirmative mandate to “provide for the widest practicable and appropriate dissemination of information concerning its 
activities and the results thereof.”  And as your hearing witness Beth F. Cobert, Deputy Director for Management, Office of 
Management and Budget, pointed out, “there are times when physical collocation is both helpful and necessary,” to knowledge 
sharing.

If government scientists and engineers are unable to attend legitimate scientific and technical conferences and meetings and 
interact with their peers, either as a result of policy or budgetary cutbacks, the information sharing, collaboration and partnership 
that for over a half century has helped advance our progress in space and aeronautical research activities will suffer.

The American Astronautical Society can point to real harm resulting from government budget restrictions on travel and support 
for conferences.  The inability of invited NASA speakers to attend our long-planned 2012 AAS National Conference, forced us 
to cancel the event at the last minute.  This proved to be a great disappointment to not only AAS’s members and staff, but also to 
NASA’s Jet Propulsion Laboratory, The Planetary Society and Caltech, who we had engaged in a unique partnership to broaden 
our potential audience.  At last year’s 51st Robert Goddard Memorial Symposium, the oldest continuous symposium devoted 
to U.S. progress in space exploration, not only was attendance from professionals and students outside the Washington, DC 
area limited, but several NASA officials were unable to accept speaking invitations to the event.  And at AAS’s first annual ISS 
Research and Development Conference in 2012, nearly fifty NASA attendees had to cancel attendance due to OMB’s restrictive 
travel policies. All of the above conferences are examples of carefully planned and responsibly budgeted meetings addressing 
important space topics; in fact, the Pasadena meeting was to be held at a JPL auditorium with box lunches for attendees.  All 
of these restrictions limited the amount and quality of information exchange and generation of ideas and collaboration that are 
critical to the advancement of our enterprise.

Yes, it is possible to have information exchange via online forums, video-conferences, by telephone or through emails, and 
journals, but, since the first learned societies were organized in the middle ages, there’s been no substitute for the face-to-face 
dialogue, debate and iterative discovery that meetings and conferences enable –  giving a real boost to technical progress and 
advancing knowledge.

We believe that by encouraging better dialogue and information sharing among stakeholders through widely attended confer-
ences, the nation’s scientific enterprise benefits in the long-term.  Accordingly, we hope you will join with other colleagues in 
working to end counter-productive policies and budgetary practices.

Letter sent by the American Astronautical Society to Senator Thomas 
Carper, Chairman, U.S. Senate Committee on Homeland Security and 
Governmental Affairs, as a follow-on to the Committee’s January 
14 hearing “Examining Conference and Travel Spending Across the 
Federal Government”
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2012 AAS EMME AWARD BOOK REVIEW (Adult)

The Visioneers: How a Group of Elite Scientists Pursued 
Space Colonies, Nanotechnologies, and a Limitless Future
Reviewed	by	Rick	W.	Sturdevant

2012 AAS Eugene M. Emme Astronautical Literature Award: Winner

The Visioneers: How a Group of Elite Sci-
entists Pursued Space Colonies, Nanotech-
nologies, and a Limitless Future by W. Patrick 
McCray. Princeton, New Jersey: Princeton 
University Press, 2013. 368 pages. $29.95, 
ISBN 978-0691139838 (hardcover).

Historians of spaceflight have often com-
posed narratives describing how science fiction 
evolved to become technological reality. The 
imagination of pioneering writers Jules Verne 
and H. G. Wells, for example, informed the 
triumphant technical accomplishments of engi-
neers Wernher von Braun and Sergey Korolev. 
W. Patrick McCray’s The Visioneers offers a 
refreshingly different perspective about how 
innovative, technically savvy dreamers of the 
past conceptualized fruitful possibilities for 
ambitious builders of future space systems or 
related technologies. Published in November 
2012, The Visioneers is the recipient of the 
American Astronautical Society’s prestigious 
Eugene M. Emme Astronautical Literature 
Award.

McCray, a history professor at the Univer-
sity of California, Santa Barbara, defines those 
dreamers as “visioneers” ― highly competent 
scientists or engineers focused on “develop-
ing a broad and comprehensive vision for 
how the future might be radically changed by 
technology, doing research and engineering 
to advance this vision, and promoting one’s 
ideas to the public and policy makers in the 
hopes of generating attention and perhaps 
even realization.” As individual examples, he 
focuses on Princeton professor Gerard O’Neill, 
who promoted space colonization. McCray 
also highlights MIT doctor of philosophy K. 
Eric Drexler, who espoused nanotechnology. 
Both men believed their conceptualizations 
of humankind’s limitless future circumvented 
the bleak forecast posited by the elite Club 
of Rome’s 1972 report, titled The Limits of 
Growth.

O’Neill, a Princeton University physicist 
and avid reader of science fiction with a “pro-
clivity for ambitious engineering projects,” 
worked outside the NASA bureaucracy to 
design large, orbiting space habitats. By the 
mid-1970s, he mounted a public campaign to 
sell his vision via magazine and journal ar-
ticles, television appearances, and conference 

presentations. In 1977, William Morrow and 
Company published his best-selling book, The 
High Frontier. In it, O’Neill touted space not 
as a government-run “program” but, rather, a 
“place” for peaceful, entrepreneurial settle-
ment. Two years earlier, some of his supporters 
had launched the L5 Society, named for the 
Lagrangian point that O’Neill suggested would 
be a suitable location for the first space settle-
ments. In the late 1970s, a rising tide of public 
and private interest in commercialization of 
space strengthened space-oriented visioneer-
ing across the political spectrum from left to 
right, but support for O’Neill from the likes of 
former LSD advocate Timothy Leary proved 
less than helpful. By the early 1980s, as further 
militarization of space gained momentum, the 
goal of space colonies seemed “more unattain-
able than ever, and many initial enthusiasts 
abandoned their utopian aspirations.” O’Neill 
himself shifted his focus to Earth-based, high-
tech business startups.

At this juncture, McCray’s narrative shifts 
from O’Neill’s cosmic to Eric Drexler’s 
molecular visioneering. The second half of 
the book opens with the observation that 
once-ardent O’Neill supporter Stewart Brand 
began paying more attention to virtual com-
munities in cyberspace. Drexler, who had been 
another of O’Neill’s true believers, became 
internationally recognized in the 1980s for 
his popularization of nanotechnology, which 
he touted as a way to circumvent the scenario 
described in The Limits of Growth. Drexler’s 
book Engines of Creation appeared in 1986. 
With then-wife Christine Peterson, Drexler 
started the Foresight Institute that year to pro-
mote his “molecular engineering” ideas. Advo-
cates dreamed of wondrous accomplishments, 
including a space elevator built from carbon 
nanotubes. Critics feared the enslavement of 

humankind by self-replicating nanosystems. 
Although he testified in 1992 at a congres-
sional hearing chaired by Senator Al Gore on 
“New Technologies for a Sustainable World,” 
Drexler’s grand hopes for nanotechnology 
withered by the early twenty-first century into a 
federally sponsored research and development 
effort focused on slow, incremental progress.

McCray’s sources for The Visioneers are 
characterized as “contemporary history” or “a 
history of technological futures.” Even a cur-
sory examination of these reveals how deeply 
McCray plumbed personal papers, archival 
files, e-mail correspondence, professional 
journals, popular magazines, newspapers, 
websites, and books. From “materials in base-
ments, garages, and in one memorable case, 
a storage unit near the San Jose airport,” he 
managed to construct a superbly coherent, ut-
terly riveting narrative.  Mindful that “personal 
memories are selective and change over time,” 
this tome gains brilliance through McCray’s 
“tempered” use of interviews.

The Visioneers exemplifies how a thor-
oughly researched, thoughtfully constructed, 
skillfully written historical study ― even one 
covering a very recent period ― can illuminate 
our perception of the present and expand our 
comprehension of possibilities for the future. 
In his final chapter, titled “Visioneering’s 
Value,” McCray describes a National Academy 
of Sciences blue-ribbon panel. In 2005, the 
group “managed to close the circuit between 
visionary ideas for space exploration and those 
for nanotechnology” by likening Drexler’s 
molecular engineering analysis to Konstantin 
Tsiolkovsky’s work on spaceflight, nearly a 
century earlier. McCray assesses “visioneer-
ing’s ripple effect” by focusing more on what 
men like O’Neill and Drexler did accomplish 
than on how their futures went unrealized. 
“Visions of the technological future,” he sug-
gests, “have helped catalyze action and inno-
vation.” That is precisely what we need when 
confronted with new political, economic, or 
social limits, as we struggle to overcome them 
technologically in the twenty-first century.

Rick W. Sturdevant is Deputy Director of 
History, HQ Air Force Space Command and 
a member of the AAS History Committee.
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2012 AAS Eugene M. Emme Astronautical Literature (Youth) Award: Winners

Spacesuit: A History of Fact and Fiction

Destined for Space: Our Story of Exploration (Smithsonian)

Emme Junior (Young Adult)

Emme Junior (Children)

Reviewed	by	Katherine	Scott	Sturdevant

Reviewed	by	Gabe	Rauschenberger

2012 AAS EMME AWARD BOOK REVIEWS (Youth)

Spacesuit: A History of Fact and Fiction by 
Brett Gooden. West Sussex, England: Tat-
tered Flag Press, 2012. 128 pages. $21.75 on 
Amazon, ISBN-10: 095431154X and ISBN: 
978-0954311544 (hardcover).

Spacesuit: A History of Fact and Fiction 
by Brett Gooden wins the Emme Junior Prize 
for high-school-level literature. Author Brett 
Golden, a highly qualified expert in aerospace 
and diving medicine, spent a lifetime collect-
ing the history, popular culture, and science 
behind spacesuits. He illustrated the book with 
obscure, fascinating photographs, drawings, 
campy, full-color comic-book covers, and 
fantastical artifacts.

So finely detailed and analytical that it 
seems intended for adults, Spacesuit certainly 
would be useful to them as a comprehensive 
survey on the subject. Its content begins with 
balloonists, the first to realize the dangers of 
flight into higher altitudes, and deep-sea divers, 
the first to realize the need for special suits to 

take them into their dangerous environments. 
Science fiction writers, ranging from Jules 
Verne to the “pulp” authors, leapt ahead of 
scientists. The latter developed pressure suits 
in the 1920s-30s, an idea that attracted famed 
pilot Wiley Post to experiment with suits for 
his own flights. Developers turned to color-
ful inspirations for movable joints: medieval 
armor; caterpillars; or the Tin Woodsman 
from The Wonderful Wizard of Oz. World 
War II and Space Age print and film blurred 
lines between science fiction and fact. NASA 
missions, Cold War competition, and moon 
walking saw technical adjustments to every 
aspect of space suits.

Spacesuit also introduces brief biographies 
and remarkable partnerships of innovators all 
along the way, including the impact of Walt 
Disney working with Wernher von Braun. 
The innovative, problem-solving adventure 
of making and perfecting a life-protecting suit 
will engage, inspire, and inform readers from 
advanced middle school through adults, re-

Katherine Scott Sturdevant is Professor of 
History at Pikes Peak Community College 
in Colorado Springs, Colorado, where she 
has been the senior American history fac-
ulty for over 25 years. She is a member of 
the AIAA History Committee, AAS Emme 
Junior Award Committee, and served as 
the Education Editor for AIAA’s Space 
and Humanity: A Historical Encyclopedia 
(ABC-Clio, 2010).

gardless of their foreknowledge on the subject. 
Spacesuit, the book and the object itself, is an 
inspiring microcosm of astronautical history 
and engineering.

Destined for Space: Our Story of Exploration 
(Smithsonian) by Don Nardo. North Mankato, 
Minnesota: Capstone Press, 2012. 64 pages. 
$25.49, ISBN: 9781429675406 / 1-4296-7540-
3, ISBN: 9781429675406 / 1-4296-7540-3  
(hardcover).

Destined for Space: Our Story of Explo-
ration by Don Nardo is the winner of the 
children’s category for the 2012 Emme Ju-
nior book award. Author Don Nardo, writer 
of hundreds of books for children and teens, 
has used his expertise in writing history to 
pull together a brief but detailed introduction 
to space exploration. His “bite size” writing 
style brings young readers into the pages and 
makes connections to early explorers possible 
by deftly condensing great amounts of history 
into a simply written and colorfully illustrated 
book. Destined for Space focuses on human 
exploration and astronomical delights ob-

served by humans for thousands of years. Its 
content begins with man’s insatiable appetite 
for adventure and knowledge of space, point-
ing to some of the trials and tribulations early 
astronomers and scientists had to overcome. 
Early pioneers in flight slowly brought to life 
the dream of escaping earth’s gravity. Chi-
nese rocket technology, Jules Vern’s grabbing 
science-fiction, and Goddard’s liquid-fueled 
rocket put man ever closer to space. Destined 
for Space continues into the modern era in 
the race for space demonstrating many of the 
peaks and valleys astronautics would over-
come. These leaders in scientific discovery 
and engineering would inevitably fulfill the 
dream that fascinated humanity for thousands 
of years. The leaps and bounds from Sputnik 
to the International Space Station, probes to 
moon bases, and beyond fill the rest of this 
comprehensive book. Destined for Space will 
no doubt help inspire young people to continue 

the mission of progress in space exploration.

Gabe Rauschenberger is a high school 
technology and engineering teacher and 
has been a member of the AAS Eugene M. 
Emme Astronautical Literature Award for 
Youth award panel for four years.
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UPCOMING EVENTS

April	22-24,	2014
Humans to Mars Summit
Washington,	DC
www.exploremars.org

April	26-27,	2014
USA Science and Engineering Festival
Washington,	DC
www.usasciencefestival.org

May	1,	2014
ISS Utilization Special Event
National	Academy	of	Sciences
Washington,	DC

May	19-22,	2014
Space Symposium
The	Broadmoor	Hotel
Colorado	Springs,	Colorado
www.spacesymposium.org

June	13-15,	2014
Student CanSat Competition
Abilene,	Texas
www.cansatcompetition.com

June	17-19,	2014
3rd Annual International Space Station (ISS)
Research and Development Conference
Hyatt	Regency	McCormick	Place
Chicago,	Illinois
www.astronautical.org

August	5-7,	2014
* AIAA/AAS Astrodynamics Specialist Conference
Manchester	Grand	Hyatt
San	Diego,	California
www.aiaa.org

September	29-October	3,	2014
International Astronautical Congress
Metro	Toronto	Convention	Centre
Toronto,	Canada
www.iac2014.org

October	27-29,	2014
Wernher von Braun Memorial Symposium
The	University	of	Alabama	in	Huntsville
Chan	Auditorium,	Business	Administration	Building
Huntsville,	Alabama
www.astronautical.org

* AAS Co-sponsored Meetings

AAS Events Schedule   AAS Corporate Members
    a.i. solutions, Inc.
    Aerojet Rocketdyne
    The Aerospace Corporation
    Aerospace Industries Association
    Analytical Graphics, Inc.
    Applied Defense Solutions, Inc.
    Arianespace
    Auburn University
    Ball Aerospace & Technologies Corp.
    The Boeing Company
    CASIS
    Colorado Center for Astrodynamics Research (CCAR)
    Dittmar Associates, Inc.
    Dynetics, Inc.
    Edge Space Systems, Inc.
    Embry-Riddle Aeronautical University
    Euroconsult USA, Inc.
    Honeywell Technology Solutions, Inc.
    International Space University
    Jet Propulsion Laboratory
    JHU / Applied Physics Laboratory
    KinetX, Inc.
    Leverage Dynamics LLC
    Lockheed Martin Corporation
    Marquette University
    Noblis
    Northrop Grumman
    Orbital Sciences Corporation
    The Pennsylvania State University
    Phillips & Company
    Qwaltec
    RWI International Consulting Services
    Science Applications International Corporation
    SGT, Inc.
    Sierra Nevada Corporation
    Space and Technology Policy Group, LLC
    Space Dynamics Lab / Utah State University
    SpaceX
    The Tauri Group
    Technica, Inc.
    Texas A&M University
    United Launch Alliance
    Univelt, Inc.
    Universities Space Research Association
    University of  Alabama in Huntsville
    University of  Florida
    University of  Texas at Austin
    Virginia Commercial Space Flight Authority /

    Mid-Atlantic Regional Spaceport
    Women in Aerospace

   Thank you for your continued support!
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SPACE TIMES	•	July/August	2013www.facebook.com/AmericanAstronauticalSociety          www.twitter.com/astrosociety          www.youtube.com/user/astrosociety


