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PRESIDENT’S MESSAGE

The Need for Continuity in Exploration
As anyone who has ever reflected on some of our nations’ great achievements, such as the interstate highway system, the defeat of the Soviet
bloc without a nuclear conflagration and yes, the landing on the Moon within a decade of the announcement of the goal, what America can
accomplish when it sets a course and perseveres is truly remarkable. Given what we know about politics, what is all the more amazing is that all
of these efforts required dedication to a project beyond the relatively short lifespan of the Presidential Administrations that started them, sometimes
over many Administrations and multiple changes in the political party in office.
American society will soon face a similar challenge. The Vision for Space Exploration, developed after the Columbia tragedy brought us to
reexamine why we send humans into space, and announced as a national objective by a President who is now one of the least popular in US
history, will soon be in the hands of a new Administration (whether Republican or Democrat) and a Congress which will almost certainly be
firmly controlled by the party that was in opposition to the President (although not to space exploration) when the exploration vision was first
announced. Already, a number of credible space stakeholders are calling for significant changes to the current exploration program, those
opposed to human exploration as too costly or dangerous and the program’s technical progress is being assailed - sometimes by those with
questionable technical bona fides who gain disproportionate attention through the blogosphere.
In a democracy, a new election brings new leadership that naturally seeks to improve upon its predecessors and put its own imprint on the
federal government’s activities. It is only to be expected that some changes will be made to the current NASA program and that some revisions,
improvements, or just new priorities will be made, no matter how well executed the current NASA plan may be. One such example happened
during President Clinton’s first term when the ISS program was redesigned to include Russia as a major contributor. The wisdom and success of
this approach has been amply demonstrated as Soyuz and Progress have been an invaluable part of the ISS infrastructure. Yet while the program
was revised in major ways and some design changes were involved, the ISS objectives and the commitments to the international partners were
largely maintained and the technical elements were largely unchanged.
For the sake of our future progress as a spacefaring society, I urge space stakeholders to seek to restrain the impulse to radically revise the
execution of NASA’s Constellation program or risk killing it and further delaying human exploration and exploitation of the solar system.
Squabbling over whether the Moon or Mars should be our first target misses the
point especially since so much work needs to be done just to create a new
capability to put Americans into space and enable the retirement of the Space
Shuttle while supporting the International Space Station. This retirement will
free up the resources within NASA’s budget to enable the Constellation program
to proceed. Other changes may also be needed.
While I recognize there are legitimate complaints that insufficient resources
are being devoted to important areas such as climate change research, ISS
utilization, space science, and indeed, the Constellation Program itself, the reality
is that the Democratic-controlled Congress has been trying to increase NASA’s
budget beyond what the Bush Administration has been willing to accept. After
the election, the new leadership of the Administration and Congress can always
enact increases in NASA’s funding. These could go a long way to meet the
desires for additional resources in non-exploration related areas while keeping
the Constellation program, broadly defined, on track.
Centuries from now, when tourists visit Tranquility Base on the surface of
the Moon, they may wonder what role Richard Nixon played in the Apollo
program to deserve having his name on the plaque proclaiming “We came in
Peace for all Mankind.” Nixon had been in office just seven months and his
biggest role may have been to NOT to try to upend a program making progress
towards a difficult goal first articulated by a political rival who had defeated
him. Perhaps, in fact, that is reason enough.
Editor’s Note: AAS welcomes different opinions and encourages members who wish to use SPACE TIMES as a means to facilitate a lively
and informed debate. Although not all submissions can be published, our objective is to encourage enlightened discourse in order to truly
Advance All Space.

AAS – Advancing All Space

Frank A. Slazer
digaslaze@mac.com
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Recycling and Environmentally Friendly Living
on the International Space Station
by Ron Ticker
The International Space Station is a
self-contained remote habitat relying
extensively on renewable and reusable
sources for vehicle and human sustenance
and operations. Research and technologies
for environmentally friendly living on the
space station are applicable to long
duration, more distant space exploration
projects. They’re also relevant to green and
sustainable living here on Earth.
The International Space Station has
been continuously human occupied for over
seven years. Astronauts remain on the
station for up to six months. The relative
isolation is broken by occasional Space
Shuttle station assembly visits. Robotic
supply ships stop by every three or four
months bringing needed goods and
material to support station operations and
crew well-being. Other than these
instances, space station systems and crew
must function with whatever limited
resources are available on orbit. For the
most part, the International Space Station
was designed as a self-contained human
life sustaining ecosystem – a biodome.
Vehicle systems maximize reuse, recycling
and renewable sources for air, water,
power, and maneuvering.
Like the Earth itself, the International
Space Station has its air and water
reclamation loops. The main facets are
water reclamation and processing, oxygen
generation, carbon dioxide removal, and
water and atmosphere quality monitoring.
Current systems recover about 44 % of the
total space station water needs which is
used for oxygen generation, food
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rehydration, and hygiene water. Crew
member activities like perspiration and
respiration create moisture in the cabin air.
Through control of atmospheric
temperature, heat exchangers in both the
Russian and US space station segments
condense the humidity and transfer the
condensate for storage and processing.
Water is also reclaimed from the drying of
towels and clothing over the heat

Expedition Seven Commander Yuri
Malenkenko
performs
routine
maintenance on the Condensate Water
Processor in the International Space
Station Service Module. (Source: NASA)

exchangers. Reclaimed water is currently
processed into potable water by a Russian
multistage filtration catalytic purification
system. The U.S. Water Recovery System,
slated for shuttle launch later this year, will
capture and process urine and other waste
water products. A portion of the recovered
water is used as “technical” water to
support various space station systems.
Some water is lost and not recoverable.
This portion must be replaced by water
produced by space shuttle fuel cells during
its visits or carried to the space station on
robotic supply spacecraft.
Water is used to generate oxygen
through electrolysis. The Russian Elektron
system is currently the primary means for
producing oxygen onboard the space
station. The US Oxygen Generation
System, part of the integrated Regenerative
Environmental Control and Life Support
Systems (ECLSS) system was activated
July 13, 2007 for check out and to gain
experience with several of the technologies
employed. In both the US and Russian
systems, the electrolysis bi-product
hydrogen is vented overboard.
The other part of the Regenerative
ECLSS system, the US Water Recovery
System (WRS) is scheduled for launch to
the space station this fall. WRS reprocesses
condensate, urine, and wastewater into
potable and technical water by distillation
and chemical treatments. When WRS and
the US Oxygen generation system (OGS)
become fully operational, 78% of the
station’s air and water reclamation loop
will be closed.
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The US Oxygen Generation System on board the International Space Station.
(Source: NASA)
Carbon Dioxide is removed from the
atmosphere by either the Russian Vozduk
or US Carbon Dioxide Removal System
(CDRA). CDRA is a four-bed molecular
sieve using zeolite for CO2 adsorption. The
waste carbon dioxide is vented harmlessly
overboard to space.
Nitrogen is added to the space station
atmosphere to more closely resemble the
Earth environment and to reduce fire risks.
The Nitrogen is transported to space by the
shuttle or other supply vehicles.
A Sabatier reactor system, a privately
funded development by Hamilton
Sundstrand of Winsdsor Locks, CT would
further close these reclamation loops. The
Sabatier carbon dioxide reduction process,
named for its discoverer French Nobel
laureate chemist Paul Sabatier (18541914), produces water and methane from
carbon dioxide and hydrogen. The Sabatier
reactor would be located in the OGS rack
and obtain CO2 directly from CDRA and
H2 from the OGS. Water produced would
be combined with recovered water for
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processing and alleviate the need for water
to be provided by external sources such as
the shuttle or robotic supply vehicles. With
the incorporation of a Sabatier reactor, the
space station’s environmental control and
life support reclamation system would be
about 85% closed. The waste methane
would be vented to space; however, many
have postulated that the methane could be
recovered for use as rocket fuel, possibly
for a future lunar or Martian ascent vehicle.
The station’s air and potable water are
routinely monitored to ensure crew health
and safety. The Major Constituent
Analyzer, a mass spectrometer,
continuously samples the air from multiple
locations within the US portion of the space
station and determines the relative
proportions of oxygen, nitrogen, carbon
dioxide, water vapor, methane and
hydrogen. The Trace Contaminant Control
Subassembly (TCCS) removes over 200

The International Space Station Regenerative Environmental
Control and Life Support System. (Source: NASA)
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The International Space Station Solar Arrays track the sun in two axes. (Source: NASA)

atmospheric chemical compounds
generated by equipment off-gassing and
human functions to ensure these pollutants
remain within safe levels. TCCS uses an
activated charcoal adsorption filter bed for
high molecular weight constituents and a
high temperature catalytic oxidizer for
converting low weight hydrocarbons. A
second adsorption filter of lithium
hydroxide is used to remove any biproducts of the catalytic oxidation.
Potable water purity is monitored by
conductivity sensors in the WRS and by
the Total Organic Carbon Analyzer. This
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device measures the amount of organic and
inorganic carbon as well as pH and
conductivity in station water samples.
Sample test kits are also used for assessing
microbial contaminants in the air, water
and on station surfaces. Similar air and
water quality checks are performed in the
Russian segment.
The International Space Station requires
a great deal of power to operate its systems,
such as ECLSS, Command and Data
Handling, Communications, lighting and
crew health, exercise and recreation, and
to support a wide range of research

experiments. Currently, three-fourths of its
giant solar arrays are operating on orbit.
When complete, the arrays will cover an
area of 2,192 m2 providing approximately
708,000 kW-hours of electrical power per
year for space station systems and research,
enough power to supply the electrical needs
of about fifty Houston area homes.
The station’s electrical power system is
designed so that the solar arrays track the
sun in two axes. Solar Alpha Rotary Joints
(SARJ), one located on the port truss and
one on the starboard truss, rotate the solar
arrays 360º to account for changes in the
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solar angle throughout the station’s orbit.
A Beta Gimbal Assembly, attached to each
of the eight Solar Array Wings, rotate the
wings 360º to rectify seasonal variations
in sun angle. Together, they maximize the
solar energy collection capability of the
arrays. Electrical power is stored in fortyeight Nickel-Hydrogen batteries for use
during the nighttime passes which occur
for about thirty minutes out of each ninety
minute orbit or about sixteen times each
Earth day.
Electrical power management is also an
important consideration on the space
station. During periods of temporarily
degraded power generation or increased
power requirements, ISS systems are
designed to gracefully shed power loads,
either automatically or through manual
intervention. Power distribution is divided
into eight channels, each providing power
to a specific set of equipment. In case of
failure, the electrical system can be
reconfigured through a series of switches
to provide power to whichever string of
equipment is needed.
Although the Russian segment can
apply thrusters to control the stations
orientation (called attitude, whether the
station is traveling forward or backwards,
tilted up or down, or rotated straight or
perpendicular to its direction of motion) as
it orbits the Earth, the primary means for
attitude control is to store and reuse
momentum. Momentum storage saves fuel
while providing accurate and stable
control. Four control motion gyroscopes
are mounted on the Z1 truss above Node 1
Unity near the station’s center axis. Each
control motion gyroscope has a 220 pound
steel wheel which spins at 6600 revolutions
per minute storing a large amount of
angular momentum. Gimbals, commanded
by the station’s computers, change the spin
axis of the gyroscopes to any angle desired
imparting a torque to change the station’s
orientation. This is very similar to the well
known demonstration of a person sitting
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on a chair capable of turning, holding a
spinning bicycle wheel. As the person
changes the angle of the bicycle wheel, the
chair begins to rotate.
When complete in 2010, the
International Space Station will encompass

a pressurized volume of about 32,300 cu.
ft., larger than a five bedroom house. As
with most homes, storage space is at a
premium so the control and removal of food
waste and trash is a significant concern.
About four tons of supplies are needed to

Control Moment Gyroscopes on Z1 Truss being prepared for launch. (Source: NASA)
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U.S. Regenerative Environmental Control amd Life Support System (ECLSS) loops. (Source: NASA)
support a three person crew for six months.
To date, space station crews have
consumed over 49,000 pounds of food.
Generally, food and other supplies are
transported to the space station about three
or four times per year onboard robotic
cargo vessels such as the Russian Progress
and Europe’s new Automated Transfer
Vehicle (ATV). Packing material is
minimized by using soft goods such as
towels and clothing.
Electronic media is used, as much as
possible, to limit the amount of waste
paper. The empty Progress or Automated
Transfer Vehicle is used as a waste
container for food scraps, used storage
containers and other trash. Prior to the
arrival of the next supply craft, the old
supply spacecraft is undocked from the
space station and allowed to reenter. The
used Progress or ATV burns up in the
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atmosphere incinerating the trash along
with the vehicle. About 10,000 pounds of
station refuse consisting primarily of food
waste, used clothing and towels, spent
batteries, filters, lights and broken
equipment is incinerated in this way each
year.
Life on the International Space Station
provides a vision of future sustainable
living homes and workplaces on Earth. The
cost and logistical difficulty of reliance on
supplies from Earth and the need for a safe
and comfortable living environment on
orbit make recycling and reuse essential
to station’s long term operations. As people
and nations on Earth struggle to address
climate change, the space station is
progressing toward closed loop climate
control and regeneration. As communities
are making headway on material
reclamation and environmentally friendly

refuse disposal, the space station has of
necessity maximized its material reuse and
environmentally safe refuse incineration.
As building and cars are now implementing
green construction and design concepts, the
space station has already demonstrated
green designs and operations for air, water,
power and maneuvering. As humans
venture beyond the station’s altitude to
explore other worlds, environmentally
friendly systems and operations pioneered
on the space station will help maintain the
human habitat on both the distant world
and home planet.

Ron Ticker is the Space Station Manager
for Development at the National
Aeronautics and Space Administration
Headquarters in Washington, DC.
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Multiple-Spacecraft Missions in NASA’s
Heliophysics Division
by Mary Chiu, Dan Ossing, and Margaret Simon
Lessons learned from three recent
multiple-spacecraft missions are relevant
both to future space science mission
concepts and basic systems engineering
practices.
Missions consisting of multiple
spacecraft play an important role in the
NASA Heliophysics Division’s goal of
scientific study and exploration of the SunEarth connection. The science lends itself
to this approach, since multiple spacecraft
provide simultaneous multi-point
measurements over areas that cannot be
made with a single spacecraft. Over an
eleven month period from March 2006 to
February 2007, the NASA Heliophysics
Division launched three multiplespacecraft missions: ST5 (Space
Technology 5), THEMIS (Timed History
of Events and Macroscale Interactions
during Substorms), and STEREO (Solar
TErrestrial RElations Observatory).
NASA also has three more multiplespacecraft missions - RBSP (Radiation
Belt
Storm
Probes),
MMS
(Magnetospheric Multiscale), and Solar
Sentinels - in various stages of
development for launch in the future. With
this recent experience gained in multiple
spacecraft development, the Heliophysics
Division commissioned a study to capture
and document the lessons learned
concerning development, launch, and
operations of multiple spacecraft by these
past three missions. These lessons are
relevant not only to future missions in the
scientific community, but also within
industrial scale of production concerns and
basic systems engineering practices.
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A Lessons Learned Conference for
multiple-spacecraft missions was held at
the JHU/APL on November 6, 2007.
There were over 100 participants,
representing the past and future multiplespacecraft missions within the
Heliophysics Division. The conference
included presentations on ST5, THEMIS,
and STEREO, and an interactive
discussion session between the
conference participants and the study
leads.
The goals of ST5, THEMIS, and
STEREO were diverse, but each mission
needed multi-point measurements to meet
their science goals. The manner in which
these missions were conceptualized,
designed, developed, and implemented
regarding their multiple spacecraft
aspects (relative to single spacecraft
missions) was studied in order to
determine considerations that might assist
future multiple-spacecraft missions. This
study focused on aspects unique to and/
or amplified by multiple spacecraft
systems. Nonetheless, the study
recognized that each mission is unique.
Mission design and approaches are
determined by a multitude of factors that
may not be applicable to other missions.
SPACE TECHNOLOGY 5 (ST5)
ST5 was part of NASA’s New
Millennium Program (NMP). NMP’s
primary goal is to accelerate the
incorporation of advanced technologies
into future NASA science missions. The
Space Technology 5 (ST5) mission was
intended to reduce the weight, size, and

cost of space missions while increasing their
technical capabilities and concepts. The
mission was developed, managed, and
operated by the NASA Goddard Space
Flight Center (GSFC) in Greenbelt, MD.
Launched on March 22, 2006, ST5’s
mission life was 3 months, and
decommissioning was completed in July
2006.

ST5 spacecraft being fitted with a thermal
blanket (Source: NASA)
The three spacecraft in the ST5
constellation were identical. The minimum
constellation requirement was two
operational spacecraft. The ST5 spacecraft
were very small, with a mass of 25 kg each
and a size of ~50 cm in diameter ´ 48 cm
high. The power generated from the triple
junction solar cell arrays was 25 W. The
constellation in low Earth orbit observed a
“string of pearls” formation, with the
spacecraft, spin stabilized, within 50-250
km of each other. The orbit parameters were
105.6 degrees inclination, ~300 km perigee,
~4500 km apogee, with a 136-minute
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Artist’s concept of the ST5 spacecraft
(Source: NASA)
period. The three spacecraft were released
individually from the Pegasus launch
vehicle via a custom “frisbee-style”
dispenser that also powered each
spacecraft on at release. This dispenser
was part of the overall mission effort.
The ST5 mission successfully
demonstrated several technologies. The
mission demonstrated that a micro-satellite
design could support scientific instruments
by providing a highly stable platform
(there was no measurable nutation or
coning) that was magnetically clean, had
0.1 degree pointing knowledge, and had
position knowledge of less than 1 km. The
ST5 spacecraft payload included one
scientific instrument: a research-grade
flux-gate magnetometer. ST5 also
demonstrated that ground systems
architectures could be developed to enable
constellation missions using ground
system automation with minimal staffing
and to enable formation flying in predetermined configurations.
ST5’s micro-sats flew within the
magnetosphere that surrounds our planet
like a shield. While testing its “small size”
concept and multiple technologies, ST5
mapped the intensity and direction of the
magnetic fields within the inner
magnetosphere closest to Earth. Collected
data has been returned to scientists on the
ground for analysis.
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THEMIS
Launched on February 17, 2007,
THEMIS is a two-year mission consisting
of five identical probes that will study the
violent colorful eruptions of auroras.
THEMIS was selected on March 20, 2003,
to proceed as the fifth MIDEX (Mid-Size
Explorer) mission in NASA’s Explorer
program. The THEMIS mission was
managed by the NASA GSFC. The
spacecraft buses were built by SWALES
(now known as ATK). The University of
California Berkeley Space Sciences
Laboratory managed the instrument
development, integration, and operation of
the THEMIS mission. THEMIS’ primary
goal is to understand the physical
instability (trigger mechanism) for
magnetospheric substorms.
There are five spacecraft in the
THEMIS constellation, four of which were
required for minimum science. The
THEMIS spacecraft were launched on
February 17, 2007 from the Kennedy
Space Center in Florida, on a Delta II 7925
launch vehicle. The five spacecraft were
mounted on a custom-designed, “weddingcake”-shaped dispenser. Significant
scientific was returned before the

spacecraft were even placed in their final
science orbits.
All five spacecraft were identical, with
a dry mass of 77 kg. The spacecraft are
spin stabilized, but carry propellant for
orbit and attitude adjustments. The
instruments included three-axis electric
field and three-axis magnetic field
instrumentation, three-dimensional (3-D)
ion and electron particle detectors, and an
instrument data processing unit. There were
eight deployed booms for the instruments.
The five spacecraft were maneuvered
into their final orbits during OctoberNovember 2007. Each spacecraft was
placed in a different elliptical, polar orbit
so that every four days they will line up in
the magnetotail. Each spacecraft measures
particles and fields at the same time so that
scientists can analyze the data to discover
the time history of these events and the
resulting substorm that occurs.
THEMIS is an Explorer Class mission
to resolve one of the oldest mysteries in
space physics, namely to determine what
physical process in near-Earth space
initiates the violent eruptions of the aurora
that occur during substorms in the Earth’s
magnetosphere.

THEMIS launch configuration (Source: NASA)
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THEMIS orbit plans (Source: NASA)
An understanding and predictive space
weather capability for magnetospheric
substorms will help characterize the
environment in which spacecraft and
astronauts operate and ensure their safety.
Substorms accompany the most intense
space storms – those that disrupt
communications, cause power line
transmission failures, and produce the most
penetrating radiation. THEMIS is midway
through its mission to gain insight into the
most severe space storms.
STEREO
STEREO is part of NASA’s Solar
Terrestrial Probes (STP) program within
the Heliophysics Division. The STEREO
mission was conceived in the early/mid1990s, and NASA officially selected
STEREO as a mission in November 1999.
Following a number of delays, the
STEREO spacecraft were launched on
October 25, 2006. Since then, they have
been successfully operating and producing
3-D images of the Sun.
The primary mission goal for STEREO
is to provide a new perspective on solar
eruptions and their consequences for Earth
by imaging coronal mass ejections (CMEs)
and background events from two spacecraft
simultaneously. One spacecraft leads Earth
in its orbit and one lags behind, each carries
the same cluster of instruments and drifts
away from the Earth at 22 degrees per year.
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In coordination with ground observations,
the trajectory of Earth-bound CMEs can
be tracked in three dimensions.
The STEREO mission consists of two
large, observatory class, three-axis
stabilized spacecraft that are functionally
identical. The physical differences are
relatively minor and driven by instrument,
launch, and orbital requirements. The two
spacecraft were launched from the
Kennedy Space Center in Florida in a
stacked configuration within a Delta II
7925L 10-foot fairing.
After launch, the two spacecraft
separated autonomously, and detumbled
into a power-positive three-axis stablized
Sun pointing attitude. The spacecraft have
a dry mass of 560 kg for the Ahead
spacecraft and 595 kg for the Behind
spacecraft. The mass differences are the
result of the different structural
requirements for the two spacecraft based
upon their position in the launch
configuration stack. The size of each
spacecraft was 1.2 m wide by 2 m long by
1.5 m high. The power generation
capability is 509 W. There are four
instrument suites on each spacecraft: an
imaging suite, two particle sensor suites,
and an electric field sensor. The
instruments themselves were identical on
the two spacecraft, but the location of one
pair of instruments was “flipped” to collect
required science data.

STEREO’s Mission design is creative:
The orbits are deep space heliocentric with
one spacecraft “leading” Earth and one
spacecraft “lagging” the Earth. These
orbits precess each year, resulting in
increasing separation between the two
spacecraft over time; their relative
separation is 44 degrees per year. The
scheduled mission lifetime is two years,
with a possible one-year extension for data
analysis.
To achieve the heliocentric orbit
requirements for science with one launch
vehicle, phasing orbits for both spacecraft
were employed around the Earth. These
orbits required periodic delta-V maneuvers
to target multiple lunar swingbys to place
each observatory in its required science
orbit.
The diversity of these missions and their
science objectives is clear, though some
practices for multiple-spacecraft missions
were quite common among them. Many
others depended on mission-specific
aspects, and at that point the approaches
and practices diverged.
There appeared to be five key attributes
that resulted in differences in approach
between the missions, which are
summarized below.
Lessons Learned about Multiple
Spacecraft
Many lessons learned about multiple
spacecraft are applicable to systems
engineering and the production of
spacecraft in general. While some findings
may seem obvious or even common sense,
the potential program resources savings
can be significant if implemented with
foresight and careful consideration.
One major finding on lessons learned
for multiple-spacecraft missions will be
noted up front. While in hindsight this
finding may seem obvious, having it
confirmed by all three past missions is
satisfying.
Finding: Multiple-spacecraft missions
result in more thoroughly tested
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spacecraft at launch than single
spacecraft missions.
All past mission teams reported a higher
level of characterization and knowledge of
their spacecraft at launch compared to their
experience with single spacecraft missions.
Assuming identical or nearly identical
design, multiple spacecraft platforms allow
a more thorough check-out and
characterization of the system design at
spacecraft level than is possible in single
spacecraft missions. This scenario can
occur at component or subsystem level in
redundant single spacecraft, but for
multiple spacecraft it is extended to the
entire system at spacecraft level. This
redundancy provides a significant
advantage in risk reduction and appears to
be inherent in the multiple spacecraft
scenario.
Other findings and excerpts from the
Lessons Learned report are summarized
below.

incorporated it into their designs from the
earliest stages. ST5 and THEMIS
spacecraft were identical, and the
STEREO spacecraft were functionally the
same and instrumented identically. For
STEREO, the science requirements
precluded the two spacecraft from being
identical physically, but the physical
differences were relatively minor. Each
mission traded some optimization in
subsystems (for example, power and
propulsion) in favor of commonality. But
each of these trades needs to be evaluated
in the context of each mission and its
overall requirements. For STEREO, the
mechanical design to address the structural
differences required for the launch
conditions was optimized rather than made
common. This allowed more mass for other
systems, while only slightly increasing
mechanical costs.
Finding: If feasible, identical spacecraft
allow consideration of a spare spacecraft

spacecraft, both missions had significantly
more risk reduction options during the
course of their development and review to
address potential areas of concern. This,
in turn, allowed more options to balance
cost and technical approach during
development.
Design for “Production”
Finding: Analyzing the design from the
concept stage for ease of manufacture and
commonality within each spacecraft
resulted in significant savings for
subsequent builds for ST5.
ST5 was a pathfinder for large
constellations of spacecraft and, as a
consequence, spent considerable effort to
engineer the spacecraft architecture for
ease of manufacture and assembly. The
engineers decided on a more integrated
design with a card cage structure to reduce
the amount of “hands-on” fabrication such
as harnessing. They analyzed items such

Table: Differences in approach between the three missions (Source: NASA)

Commonality in Design between
Spacecraft
All past missions incorporated
commonality between spacecraft in the
concept and design stage to the extent
practical.
Finding: There were significant
advantages to commonality among all the
previous multiple-spacecraft missions.
Commonality was a design goal from
concept and was adhered to during
development to the maximum extent
possible.
All past programs experienced
significant benefits from commonality and
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in the mission plan, which provides
significant flexibility in risk strategies
throughout development and operation.
For ST5 and THEMIS, the identical
spacecraft allowed a spare spacecraft to
be included in the overall mission. For
these two missions, the feasibility of this
was made possible by the small size and
mass, and the relatively low cost of the
individual spacecraft. These are all
considerations within the mission concept
stage. For both missions, the number of
spacecraft was determined by the science
(THEMIS) or the technology (ST5) goals
plus one spare. By having a spare

as solar panels to increase the use of a
single design within each spacecraft to the
extent possible, even if it sometimes
resulted in “over-design.” This increased
the effort for the non-recurring engineering,
but for ST5 it was very effective in
reducing the cost of multiple builds. The
ST5 team reported that the prototype
spacecraft cost 84% of the budget, with
the remaining two spacecraft constituting
the remainder.
Design for Operations
Finding: The mission concept of
operations has a greater influence on the
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STEREO mission profile (Source: NASA)
design of the spacecraft hardware,
software, and data stuctures as the
number of spacecraft increases.
While not part of the past missions
within this study, the GLOBALSAT and
IRIDIUM systems were investigated for
their lessons learned in multiple-spacecraft
missions. These missions differed from the
Heliophysics Division missions in many
ways, but there may be some aspects that
might be considered for future missions.
The number of satellites (each mission of
these had over 50 satellites) was a key
factor that drove many areas of the ground
system design. Throughout the design
phase, engineers were told to think of each
operational task as being done n satellite
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times. In some cases, the operational
requirements were flowed down to the
flight software and data structures. For
example, the spacecraft housekeeping data
rate was reduced to 1 kbps to ease the
volume of data for downlink, trending, and
archiving. Also, a re-programmable system
of buffers to record and downlink critical
housekeeping data at the start of each pass
along with a corresponding ground tool to
instantaneously display the plots of the data
was implemented to easily monitor the
health of the satellite.
Heritage Use
Finding: The use of heritage instrument
and spacecraft components significantly

decreases the risk factors for multiplespacecraft missions.
STEREO and THEMIS both reported
that the use of “heritage” components
contributed significantly to the
accomplishment of the overall mission
within the allocated resources. (Note that
heritage considerations were not part of
the ST5 mission, since its primary goal
was to serve as a technology
demonstration.) Reducing the amount of
development required is a common
strategy to decrease risk on any science
mission. For a multiple spacecraft mission,
this consideration is even more important.
The heritage aspect applies not only to the
instrumentation but also to the spacecraft
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components. In both STEREO and
THEMIS, it was reported that the
instruments that had the least heritage had
the most problems in meeting schedule.
Advanced Planning
Former president Dwight D.
Eisenhower once said, “Plans are nothing;
planning is everything,” and indeed, for
multiple-spacecraft missions to maintain
schedule within given resources, this was
very apparent. Planning for single
spacecraft missions at more detailed levels
typically takes place in stages and in
various lead times to the particular activity
being considered. For multiple spacecraft,
past mission teams reported that there
would have been considerable advantages
to performing some of the detailed planning
far earlier than typical. Potential problems
in logistics, scheduling, or staffing could
be exposed by early planning. Many of the
areas discussed in this section are
interrelated.
Mass and Power Tracking
Finding: Mass and power reserves must
be treated similarly to single spacecraft
strategies, multiplied by the number of
spacecraft in the constellation.
The reserve strategies for mass and
power budgets need to recognize the fact
that there is a multiplicative factor involved
for multiple spacecraft. If one component
increases by x in mass or power, the
increase is actually n times x, with the
addition of n times the reserve factor
(which depends on the maturity of the
design and the stage of development within
the mission). This aspect of multiplespacecraft missions is closely tied with the
advantages of using heritage components.
Finding: The launch configuration has
ramifications throughout the rest of the
mission design and implementation, and
should be decided early in the mission.
The decision to use a dispenser or a
stacked configuration each had its own set
of ramifications. The design of a dispenser
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is a significant effort but allows the
spacecraft to be identical in handling
fixtures and allows mechanical
environmental testing of the individual
spacecraft to be performed independently.
This was not the case for the stacked
configuration for STEREO.

the best performance when a specific
“hands-on” fabrication was performed by
the same person(s). This does have an
impact on personnel resources and
scheduling, but all reported that the
consistency in fabrication was an overriding
benefit.

RF Communications
Finding: Larger constellations of
spacecraft simplify communications by
using a single frequency for
communications. For two-spacecraft
constellations, the use of two frequencies
allows simultaneous communications but
significantly increases the complexity of
the ground system and operations and
slightly reduces commonality.
Both ST-5 and THEMIS used the same
RF communication frequencies for each
spacecraft, relying on the spacecraft ID
for unique identification. This provided a
greatly simplified mission operations
(MOPs), concept of operations
(CONOPs), and ground system
architecture. The resulting system
resembled a single spacecraft mission,
yielding cost savings for the mission. The
MOPs CONOPs is simplified by having
no requirements for simultaneous passes.
It also benefits RF subsystem development
and I&T by requiring only one frequency
authorization, one set of test procedures,
and simplified RF GSE. STEREO used
separate frequencies for each spacecraft
driven by requirements for simultaneous
uplinks and downlinks. This approach
significantly increases the complexity of
the ground system while slightly reducing
commonality.

Future Applications to Both and
Science and Industry
As a risk reduction measure, clusters of
multiple satellites decrease the risk of
mission failure if a single system or
instrument fails. Additionally, the ability to
monitor and perform multiple
measurements within the magnetosphere
provides a better understanding of changes
occurring in this harsh environment.
Characterizing the space environment itself
is important, since future micro-sat or
nanosat missions, with tens to hundreds of
vehicles, must be capable of responding to
changes in the charged particles and
magnetic fields that sweep over them every
few seconds to few minutes.
Mission results from these research
efforts will aid in planning in future microsat or nanosat missions. Future plans
include a “constellation” of hundreds of
nanosats to explore the transport of the
Sun’s plasma and the processes that convert
energy occurring within the “tail” of Earth’s
magnetosphere. Such exploration may
enable scientists to construct a reliable
method of predicting magnetospheric
meteorology, or “space weather.”

Fabrication
Finding: Fabrication requiring human
hands should be done by the “same
hands” for all spacecraft to the extent
possible.
All spacecraft require a great deal of
individual (versus automated) fabrication
effort. Each past mission reported having

This study was performed by the Johns
Hopkins University Applied Physics
Laboratory under a NASA contract. The
study leads were Mary Chiu and Dan
Ossing. Margaret Simon prepared the
article for publication. The presentations
given at the Lessons Learned
Conference, as well as the study final
report, are available on the website:
http://multiscstudy.jhuapl.edu/.
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AAS NEWS

News for AAS Members
Call for 2008 Fellows Nominations
Candidates must be a current member of AAS with significant scientific, engineering, academic, and/or management
contributions to astronautics and space. In addition, contributions to AAS are considered. Selection procedures,
nomination cover sheet, and a complete list of Fellows elected since 1954 can be viewed on the website
at www.astronautical.org. Nominations can be submitted by any AAS member, and must be received by the AAS
Office by June 16, with supporting letters due by July 16. The Fellows Committee will review all submissions, and
their recommended candidates will be sent to officers, directors, and active Fellows for vote.

Call for 2008 Award Nominations
Each year AAS presents awards to recognize the excellence and professional service of our own membership and
members of the space community. You are invited and strongly encouraged to nominate worthwhile candidates for
these awards. Award descriptions, previous recipients, and nomination procedures can be viewed on the website at
www.astronautical.org. Nominations will be accepted by the AAS Office through July 16, at which time the Awards
Committee will review all submissions and forward names of recommended candidates to the officers and directors
for vote. Recipients (and newly elected Fellows) will be invited to accept their award at the AAS National Conference
and Annual Meeting at the Pasadena Hilton in November.

AAS National Conference – “Space Science and Exploration in the Next Decade”
Mark your calendars for the AAS National Conference in Pasadena, Nov 17-19, 2008. We’ll be looking ahead to the
next decade with the type of world class program our Society is known for. We will feature speakers you will want
to hear and topics you will need to know more about, so plan to join the community of space professionals at the
Pasadena Hilton in November, and the complete program will be posted soon on the AAS web site.

Forging the Future of Space Science – The Next 50 Years
The final event in this Space Studies Board series will be a free day long colloquium on June 26, 2008 at The
National Academy of Sciences Auditorium, 2101 Constitution Avenue NW, in Washington, DC, from 8:30-5:30.
Although there is no charge to attend, registration is recommended. A free lunch will be provided in the Great Hall.
Check www7.nationalacademies.org/ssb for more information.

“The Great Planet Debate” for Scientists and Educators
This unique Scientific Conference and Educator Workshop will be held August 14-16, 2008 at the Johns Hopkins
University/Applied Physics Laboratory in Laurel, Maryland. Check www.gpd.jhuapl.edu for registration and details.
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CALL FOR SPACE PROFESSIONALS

Call for Space Professionals
The International Space University
Space Odyssey Institute
“Niche Opportunities in Space Exploration”
Barcelona, Spain
July 6-17, 2008
The International Space University (ISU) will hold its senior-level program, the Space Odyssey Institute (SOI), from 6-17 July
2008, in Barcelona, Spain.
Participation in the Institute will offer space professionals the opportunity to network with their peers from diverse backgrounds
and nations around the globe, during a program that explores the long-term vision for space development and exploration. As they
are exposed to emerging opportunities in this field, SOI participants will discover the broad range of ideas and views on current
topics, and obstacles in search of solutions, that are a part of the rapidly changing aerospace landscape.
The twelve day short course is designed to meet the needs of experienced professionals from mid-level to senior leadership
positions in the international aerospace community. The multidisciplinary course is balanced between classroom lectures, insightful
workshops and pertinent professional visits.
The 2008 SOI offering builds upon the highly successful inaugural offering by ISU in 2007 at Beihang University in Beijing,
China. That initial experience last year hosted twelve space professionals from five countries. These dozen managers and executives
came from government, traditional aerospace industry, and the “new space” entrepreneurial sector. With backgrounds in law,
engineering, management, and science, these people come together to exchange ideas, learn from each other, and explore the diverse
approaches being applied to common problems. At the same time, they recaptured that “class bonding” that comes from sharing a
learning experience in a unique setting, away from the “day-to-day” work environment.
To help focus the experience, each ISU SOI session is designed to result in a vision paper relating to an important policy issue in
aerospace. This paper explores emerging aerospace trends and issues, and identifies opportunities and obstacles for synergy across
the space community. The theme for the vision paper for SOI 2008 is “Niche Opportunities in Space Exploration.”
The Space Odyssey Institute is based on the premise that leadership requires constant renewal and life-long learning. It also
recognizes that the burdens of increased responsibility as one’s career matures often work to isolate leaders. The Space Odyssey
Institute was designed by ISU to allow participants to experience with their peers from around the world, an “oasis” in the form of
a collaborative, non-judgmental environment. Professional renewal and senior-level networking are accommodated while increasing
the understanding of important new trends that connect diverse segments of the rapidly expanding global space sector.
Today, ISU counts more than 2500 alumni from 96 different countries. Approximately 85% of its graduates are actively engaged
in the space sector in increasingly responsible positions around the globe. All of its graduate-level and professional development
programs, including the Masters degree, the nine week Space Studies Program (SSP), as well as the SOI, are built around ISU’s
foundational methodology of the “Three I’s” – international, interdisciplinary, and intercultural. This emphasis ensures that participants
come away from their ISU experience with new skills, enhanced capacity for innovation, and renewed energy that comes from fresh
insight and “out-of-the-box” thinking.
To apply for SOI 2008, or for more information about ISU and its programs, please visit: www.isunet.edu.
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CORPORATE MEMBER PROFILE

Corporate Member Profile
The International Space University and the “Three I” Concept:
International - Interdisciplinary - Intercultural

The International Space University (ISU) helps to develop the future leaders of the world space community by providing
interdisciplinary educational programs to students and space professionals in an international, intercultural environment. The ISU
experience gives students a substantive intercultural knowledge and skill set for working with people throughout the world, and has
created an extensive international network that is proving to be increasingly important in implementing international space ventures.
Since its creation in 1987, ISU has graduated just over 2500 students from 96 countries.
ISU conducts 3 major academic programs. A two-month Space Studies Program (SSP) travels to a new location around the world
each year. It will take place in Barcelona, Spain in the summer of 2008. A typical summer session class may involve about 30
different nationalities and is supported by some 80 lecturers, many of whom are senior managers in space agencies and space
industry. Two 12-month Masters degree programs, the M.Sc. in Space Studies (MSS) and the M.Sc. in Space Management (MSM),
are based at the ISU central campus in Strasbourg, France. Each includes a twelve-week internship at space-related companies,
agencies, and non-profit organizations throughout the globe. Around 50 to 60 students are selected each year, typically representing
25 to 30 countries.
ISU also offers a two week “version” of the SSP, called the Space Odyssey Institute, at the site of each year’s SSP, tailored to the
needs of senior space professionals and executives. The intensive one week Executive Space Course is ideal for individuals at any
career level who wish to “get up to speed” and/or broaden their interdisciplinary knowledge about all things “space.” ISU offers
other short programs, seminars and workshops, either of general interest or tailored to a customer’s specific needs. Additionally, ISU
hosts an Annual International Symposium that encourages wide-ranging discussion of topical space issues within an interdisciplinary
and international forum at our Strasbourg campus.
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CALL FOR PAPERS

ABSTRACT DEADLINE: October 6, 2008

Call for Papers
The 19th AAS/AIAA Space Flight Mechanics Meeting
Hilton Savannah Desoto
Savannah, Georgia
ABSTRACT DEADLINE: October 6, 2008
The 19th Space Flight Mechanics Meeting will be held February 8–12, 2009 at the Hilton Savannah Desoto in Savannah, Georgia.
The conference is organized by the American Astronautical Society (AAS) Space Flight Mechanics Committee and co-sponsored by
the American Institute of Aeronautics and Astronautics (AIAA) Astrodynamics Technical Committee. Papers are solicited on topics
related to space flight mechanics and astrodynamics, including, but not limited to:
• asteroid and non-Earth orbiting missions;
• atmospheric re-entry guidance and control;
• attitude dynamics, determination and control;
• attitude-sensor and payload-sensor calibration;
• dynamical systems theory applied to space flight problems;
• dynamics and control of large space structures and tethers;
• earth orbital and planetary mission studies;
• flight dynamics operations and spacecraft autonomy;
• history of the US space program;
• orbit determination and space-surveillance tracking;
• orbital debris and space environment;
• orbital dynamics, perturbations, and stability;
• rendezvous, relative motion, proximity missions, and formation flying;
• reusable launch vehicle design, dynamics, guidance, and control;
• satellite constellations;
• spacecraft guidance, navigation and control (GNC); and
• trajectory / mission / maneuver design and optimization.
Papers will be accepted based on the quality of an extended abstract (see below), the originality of the work and ideas, and the
anticipated interest in the proposed subject. Papers that contain experimental results or current data, or report on ongoing missions,
are especially encouraged.
Final manuscripts are required before the conference. The working language for the conference is English.
SPECIAL SESSIONS
Proposals are being accepted for suitable special sessions, including panel discussions, invited sessions, workshops, mini-symposia,
and technology demonstrations. A proposal for a topical panel discussion should include the session title, a brief description of the
discussion topic(s), and a list of the speakers and their qualifications. For an invited session, workshop, mini-symposium, or
demonstration, a proposal should include the session title, a brief description, and a list of proposed activities and invited speakers
and paper titles. Prospective session organizers should submit their proposals to the Technical Chairs.
BREAKWELL STUDENT TRAVEL AWARD
The AAS Space Flight Mechanics Technical Committee announces the John V. Breakwell Student Travel Award. This award provides
travel expenses for up to three (3) U.S. and Canadian students presenting papers at this conference. Students wishing to apply for this
award are strongly advised to submit their completed paper by the abstract submittal deadline. The maximum coverage per student
is limited to $1000. Details and applications may be obtained via http://www.space-flight.org.
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CALL FOR PAPERS

INFORMATION FOR AUTHORS
The official conference website is located at http://www.space-flight.org/AAS_meetings/2009_winter/2009%20winter.html, which
is accessible from the AAS website at http://www.space-flight.org. Conference information, rules and regulations are maintained
and updated via the web; authors should refer to the official website for the most current information.
The abstract submission deadline is October 6, 2008. Please be aware that this date has been set at the latest possible date for the
convenience of contributors and that there are no plans to defer this deadline due to the constraints of the conference planning
schedule. Should the number of submissions exceed the limited number of presentation slots, preference will be given to the earliest
submissions. Notification of acceptance will be sent via email by November 17, 2008.
To submit an abstract, use the web-based submission system accessible from the official conference website. By submitting an
abstract, the author affirms that the paper’s majority content has not been previously presented or published elsewhere. Detailed
author instructions will be sent by email after the abstract has been submitted. As part of the online submission process, authors are
expected to provide:
1. A paper title, as well as the name, affiliation, postal address, telephone number, and email address of the corresponding author.
2. A two page extended abstract of at least 500 words, in the Portable Document File (PDF) format. The extended abstract should
provide a clear and concise statement of the problem to be addressed, an explanation of its significance, the proposed method of
solution, the results expected or obtained, and supporting tables and figures as appropriate. A list of pertinent references should be
included.
3. A condensed abstract (100 words maximum) to be included in the printed conference program. The condensed abstract is to be
entered into the text box provided on the web page, and must avoid the use of special symbols or characters, such as Greek letters.
Technology Transfer Warning – Technology transfer guidelines substantially extend the time required to review abstracts and
papers by private enterprises and government agencies. These reviews can require four months or more. To preclude late submissions
and paper withdrawals, it is the responsibility of the author(s) to determine the extent of necessary approvals prior to submitting an
abstract.
Visas – Applications for visas to enter the Unites States can take more than six months in some cases. Be sure to apply for a visa well
in advance of the conference.
No Paper / No Podium and No Podium / No Publication Policy – Completed manuscripts are to be electronically uploaded to the
web site prior to the conference in PDF format, be no more than twenty pages in length, and conform to the AAS paper format. If the
completed manuscript is not contributed on time, then it will not be presented at the conference and will not appear in the conference
proceedings. Any paper which is not presented for any reason will be considered to be withdrawn and will not appear in the conference
proceedings. Prior to presentation, the presenting author will provide the session chair with a short biographical sketch and, if
requested, a paper copy of the manuscript and presentation.
Questions concerning the submission of papers should be addressed to the technical chairs:
AAS Technical Chair
Dr. Alan M. Segerman
AT&T Government Solutions, Inc.
Naval Research Laboratory
Code 8233, 4555 Overlook Avenue, SW
Washington, DC 20375-5355
Tel: 202-767-3819 Fax: 202-404-7785
segerman@nrl.navy.mil

AIAA Technical Chair
Dr. Peter C. Lai
Aerospace Corporation
Mail Stop: M4-895
2350 E. El Segundo Boulevard
El Segundo, CA 90245-4691
Tel: 310-336-2367
peter.c.lai@aero.org

All other question should be directed to the General Chairs:
AAS General Chair
Dr. Matthew P. Wilkins
Schafer Corporation
AFRL/DESM
550 Lipoa Parkway
Kihei, HI 96753
Tel: 808-891-7747 Fax: 808-874-1603
mpwilkins@gmail.com
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AIAA General Chair
Dr. Mark E. Pittelkau
Aerospace Control Systems
Engineering and Research, LLC
35215 Greyfriar Drive
Round Hill, VA 20141-2395
Tel: 540-751-1110 Fax: 540-751-1116
mpittelkau@ieee.org
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Welcome New Corporate Members

AAS CORPORATE MEMBERS
The Aerospace Corporation
Air Force Institute of Technology
a.i. solutions, inc.
Analytical Graphics, Inc.
Applied Defense Solutions, Inc.
Applied Physics Laboratory / JHU
Arianespace
Auburn University
Ball Aerospace & Technologies Corp.
The Boeing Company
Braxton Technologies, Inc.
Carnegie Institution of Washington
Computer Sciences Corporation
Edge Space Systems, Inc.
Embry-Riddle Aeronautical University
General Dynamics AIS
George Mason University, CAPR
Honeywell Technology Solutions, Inc.
International Space University
Jacobs Technology, Inc.
Jet Propulsion Laboratory
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KinetX, Inc.
Lockheed Martin Corporation
Lunar Transportation Systems, Inc.
N. Hahn & Co., Inc.
Noblis
Northrop Grumman Space Technology
Orbital Sciences Corporation
The Pennsylvania State University
Raytheon
SAIC
The Tauri Group
Technica, Inc.
Texas A&M University
United Launch Alliance
Univelt, Inc.
Universal Space Network
University of Florida
Utah State University / Space Dynamics Laboratory
Virginia Tech
Women in Aerospace
Wyle Laboratories
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UPCOMING EVENTS

AAS Events Schedule
June 13-15, 2008
*Student CanSat Competition
Amarillo, Texas
For information: www.cansatcompetition.com

November 17-19, 2008
AAS National Conference and 55th Annual Meeting
Pasadena Hilton
Pasadena, California
For information: www.astronautical.org

June 29-July 1, 2008
*F. Landis Markley Astronautics Symposium
The Hyatt Regency Chesapeake Bay
Cambridge, Maryland
For information: johnc@eng.buffalo.edu
August 18-21, 2008
*AIAA/AAS Astrodynamics Specialist Conference
Hilton Hawaiian Village
Honolulu, Hawaii
For information: www.aiaa.org

*AAS Cosponsored Meetings

January 31-February 4, 2009
AAS Guidance and Control Conference
Beaver Run Resort and Conference Center
Breckenridge, Colorado
Abstract Deadline: September 15, 2008
For information:
www.aas-rocky-mountain-section.org
February 8-12, 2009
*19th AAS/AIAA Space Flight Mechanics Meeting
Hilton Savannah Desoto
Savannah, Georgia
Abstract Deadline: October 6, 2008
For information: www.space-flight.org
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NOTES ON NEW BOOKS

Titan Unveiled: Saturn’s Mysterious Moon
Explored
Reviewed by Mark Williamson
Titan Unveiled: Saturn’s Mysterious Moon
Explored by Ralph Lorenz and Jacqueline
Mitton, Princeton University Press, 243
pages, 2008, $29.95 (hardback), ISBN:
978-0-691-12587-9
Let’s face it: Nobody alive today is
likely to see Titan, Saturn’s largest moon,
from an orbiting spacecraft, let alone from
the surface. The only way we can get an
idea of what Titan is like is by sending
evermore complex automated probes there,
and by reading books such as this one.
Written by a Johns Hopkins University
planetary scientist who is well placed to
provide an insider’s view, alongside a
science writer of long-standing, Titan
Unveiled promises “the first authoritative
presentation [of the Cassini-Huygens
mission] to the general science-reading
public.”
The real key to exploring Titan was the
Huygens lander, supplied by the European
Space Agency, and it was this spacecraft
which completed in January 2005 the firstever atmospheric entry and landing on a
moon of one of the outer planets. In order
to make the book more accessible to the
general reader, the authors have divided the
text between regular narrative and sections
headed “Ralph’s Log,” which include firstperson anecdotes of the mission. Since the
first author was directly involved with
Huygens and with the radar instrument on
the Cassini mothership, the book gives
prominence to results from these
instruments. Since that covers both the
surface and the atmosphere, this is no
disadvantage.
In fact, the personal touch helps to
convey the reality of working in the
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planetary science field, where teamwork
and international cooperation are more
important than egos and national pride.
That is not to say that egos and nationalism
are absent in planetary science, but that
they simple have to take their place.
For example, “Ralph” describes his
“fifteen minutes of fame” (which he admits
was actually only about 45 seconds),
explaining what the probe’s penetrometer
did – basically it measured Titan’s surface
properties by recording the probe’s impact.
Then it dawned on him, he writes, that
“eleven years after I spent three years
specifying, designing, and building it, a
billion miles from Earth and 180 degrees
below zero, the thing had actually worked
for the one-twentieth of a second it was
supposed to!” Welcome to the world of
spacecraft engineering!
The account also highlights the realities
of business travel, so often seen as
glamorous by those who never do it.
Lorenz describes a long day – “and a
Saturday at that” – which starts at 4:35AM
in Tucson and sees him flying to California
for a meeting, returning home “close to

midnight after my five-hundred mile
commute.” Elsewhere he describes a
conference in Italy and the typical
delegates’ rush to grab the seats by the wall
so that laptops can be plugged in “for the
long day ahead.”
Beyond the pseudo-blogs, the book
includes some background science on Titan
and why it is of such interest; an
engineering overview of the CassiniHuygens mission; and of course the initial
scientific results. The chapter titles say it
all: The Lure of Titan; Waiting for Cassini;
Cassini Arrives; Cassini’s First Taste of
Titan; Landing on Titan; The Mission Goes
On; and Where We Are And Where We
Are Going. The book is illustrated with
black-and-white photos throughout, but
because of the poor quality paper used for
the book, they are not especially well
reproduced. There is also an example of
severe image distortion (on page 69),
which implies a failure of proof-reading.
However, an eight-page colour insert is a
nice addition (even if it does repeat several
of the monochrome images).
On balance, while expert readers in the
science and engineering community will
find much of interest here, it is the book’s
less technical target audience that will
benefit the most. Apart from unveiling the
mysteries of an alien world, it opens a
window on the mostly hidden world of the
planetary scientist, which is equally
fascinating.

Mark Williamson is an independent
space technology consultant and author.
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NOTES ON NEW BOOKS

How Apollo Flew to the Moon and
Exploring the Moon - the Apollo Expeditions
Reviewed by James M. Busby
How Apollo Flew to the Moon by W.
David Woods, Springer-Praxis Books,
400 pages, January 2008, $29.95,
ISBN-10: 0387716750

Exploring the Moon - the Apollo
Expeditions, by David Harland,
second edition, Springer-Praxis Books,
400 pages, January 2008, $39.95,
ISBN-10: 0387746382

Why should Space Times offer
simultaneous reviews of books about
the Apollo program (both
coincidentally running 400 pages and
written by authors named David)? Not
only should the readers of Space Times
deserve the most for your reading
pleasure, but a lot of you are also
preparing the next generation of space
vehicles. Orion and Altair are planned
to get us back to the Moon. You need
the best books, so that lessons learned
through fire and space will not be
repeated.
These two Davids have impressive
resumes. They have uncovered a
wealth of knowledge regarding the
early days of manned space
exploration. Harland has addressed
“How NASA Learned to Fly in
Space,” “The story of Space Station
Mir,” etc. Woods has developed “The
Apollo Flight Journals” and other
NASA history on-line.
These writers know Apollo better
than some of the Astronauts of that era.
As the memories of firsthand observers
and participants begin to fade, it is
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important that their lessons not be
forgotten. The new edition of Exploring the
Moon - the Apollo Expeditions is more
than a rehash of its predecessor. Its high
resolution photography brings a surface
that few have seen before into crystal
clarity. Harland describes what the Apollo
moonwalkers saw and the dilemmas they
faced walking on a hostile world. He tells
what lessons the samples returned to Earth
have taught us and why we need to go back.
While Harland focuses on what twelve
men saw and accomplished on the Moon,
Woods describes each phase of an Apollo
Mission in intimate detail, from the
stacking of the booster until the crews are
safely aboard the aircraft carrier. Woods’
focus ranges from the “desired orientation
of the spacecraft platform,” or REFMMAT,
to age-old questions about eating and
cleanliness 240,000 miles away from
Earth. The book is certainly technical, but
only to the point of understanding what
occurred during these endeavors forty years
ago, and how it was accomplished.
Ultimately, it is an easy read.
Both books are wonderful additions to
your collection, but they are like apples and

oranges. Exploring presents photography
and science, while How Apollo Flew
covers nuts and bolts. The only problem
with both is that they would have benefitted
by emphasizing color photography. Though
each has a color section, you’ll want to
see more. The lack of color in Exploring
the Moon is particularly noticeable.
As an armchair historian, I have always
wondered about the intricacies on Apollo.
Woods’ book really satisfied my curiosity
about systems and people.
Depending on what hat you wear on
Orion, science or systems, you will want
one of these books. If you are an Apollo
fan, both are must-haves.

Dr. Jim Busby is no rocket scientist, but
he played a Grumman engineer on
HBO’s “From the Earth to the Moon”
and was their technical advisor. He is
currently advising the Executive
Director for Exhibits at Columbia
Space Center, which will be opening in
Downey, California late this year.
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