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Commentary

The first Ain NASA—Lost in the space debate

In the recent debate over NASA’s future, its aeronautics program was
totally ignored. The research program that enabled U.S. global aviation
supremacy for over nine decades has been reduced to near oblivion.

From the 1960s through the 1990s, annual aeronautics funding aver-
aged about $1.4 billion (all amounts inflation adjusted). This period of
unprecedented technology progress sustained the nation’s global lead-
ership in both civil and military aviation. NASA research led this growth
and helped establish our aviation products as the largest positive con-
tributor to our trade balance. Then the axe fell and funding plummeted
from $1.8 billion in 1998 to $500 million in 2010. Because of the time
lag from research to application, we are only now seeing the results of
NASA research during the '90s in the F-22 and F-35 and Boeing’s 787
airliner. How did such a dramatic decline happen?

Traditionally, NASA’s aero program consisted of basic research cou-
pled with systems technology programs that brought promising technol-
ogies to flight demonstration and readiness for low-risk applications. In
1998 NASA began canceling systems technology programs that had pro-
duced many enabling technologies for the 787 and NextGen, eliminat-
ing $700 million from the aero budget. In 2001 NASA canceled the clas-
sified advanced aircraft military technology program, phasing out
NASA-funded military aviation research. The NASA-DOD partnership
that began in 1915 with establishment of NACA had a profound impact
on almost all military aircraft and is now largely eliminated. Four addi-
tional systems technology programs were canceled between 2004 and
2007 with another $360-million funding reduction.

The good news is that a $70-million aeronautics increase is budgeted
for 2011. Even so, the total aero budget is only 76% of what was allo-
cated for basic research alone in 1995 and only 3.0% of today’s total
NASA budget. This is insufficient to sustain a world-class U.S. research
effort and maintain long-term aviation leadership. Research test facilities
are no longer well maintained, and many top researchers have moved
on to other programs. Without a major change in priority, there is little
hope of sustaining U.S. world leadership in aeronautics.

All this comes as our nation faces huge new technical challenges to
the future of civil and military aviation. NASA should be leading efforts
to address these issues with systems technology programs focused on
“green” aviation and developing technologies to follow NextGen. Fur-
ther, it makes no sense for NASA’s expertise and facilities not to help
solve military aviation problems. Aviation’s importance to U.S. competi-
tiveness and defense demands that NASA revitalize its aeronautics pro-
gram. To meet the challenges, it needs a roughly $1-billion annual bud-
get and a revitalized management structure.

Uncertainty over the direction of the human spaceflight program has
overwhelmed all other NASA issues. Federal budget realities and the
program’s low priority do not bode well for aeronautics. Continuing
to marginalize this critical national effort will have serious negative con-
sequences for our nation’s global competitiveness, yet there is no serious
discussion of this issue in the debate over NASA’s future. Shame on us.

Roy V. Harris Jr.
NASA Langley (ret.)



International Beat

Anglo-French defense treaty:
The changing dynamic

THE U.K’S “STRATEGIC DEFENCE
and Security Review” in October and
the November Anglo-French defense
accord last year appear to have set
the U.K’s defense/aerospace indus-
trial strategy on a new path. In the
future, the country will have a much
smaller army, air force, and navy,
and much of its equipment will be
codeveloped with France, rather than
sourced directly from the U.S.

Ian Godden, chairman of the U.K.
aerospace, defense, and security trade
association ADS, says the defense
treaty with France “may well prove
crucial to both retaining and devel-
oping future capabilities within Eu-
rope by ensuring sustained invest-
ment in research and technology to
deliver the next generation of pro-
grams for our armed forces. The al-
ternative, buying off-the-shelf from
the U.S,, is often not the appropriate
solution for our troops, and this de-
velopment ensures that future gov-
ernments will retain a choice of sup-
pliers—both U.K.-based and from
overseas—that meet the needs of our
armed forces.”

More, or less?
So do these agreements mark a ma-
jor shift in defense/aerospace team-
ing arrangements for U.K. industry
away from North America? Over the
past few years, all of the U.K.’s major
aerospace systems companies—BAE
Systems, Rolls-Royce, QinetiQ, Cob-
ham—have invested
hugely in their U.S.
operations rather than
those in continental
Europe, and have
generated important
new revenue streams
as a result. But will
this now change? Is
the UK's treaty with
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The question remains whether BAE Systems will join the nEUROn initiative.

The MRTT might offer the British
Ministry of Defence huge benefits

if it can lease spare tanker capacity
to a NATO ally.

France more, or less, than it seems?
This is an especially major issue
for BAE Systems, the U.K.s largest
aerospace and defense manufacturer,
which now derives around half of its
income from the U.S. In September
2010 the company announced it
would be putting the U.S.-based plat-
form solutions division, based in
Johnson City, N.Y., up for sale. This is
part of a much broader consolidation
program the company has initiated
in response to tightening defense
budgets in most of its key markets.
For BAE Systems and other UK.
majors, the U.S. defense market re-
mains the most lucrative in the
world—accounting for around 50% of
the global defense market—and their

access to U.S. defense contracts is
envied by their continental European
competitors.

In contrast, the European conti-
nental defense market is a much
more complex arena in which to op-
erate—smaller, fragmented, and rid-
dled by national politics. According
to figures from the European De-
fense Agency, Europe spends around
€200 billion a year on defense while
the U.S. spends €466 billion. Defense
(until now) accounts for just 1.63% of
European nations’ annual gross do-
mestic product, while in the U.S. the
figure is 4.7%.

But the new Anglo-French agree-
ment could make BAE Systems think
again about Europe. The treaty, after
all, offers the prospect of a major
share in two programs that are likely
to be huge money-spinners at some
point in the future: a single Euro-
pean unmanned combat air vehicle
(UCAV) and the—probably related—
single European replacement for the
Eurofighter Typhoon, Dassault Rafale,
and Saab Gripen fighters.

Under the agreement, a joint work-



ing party will look at the
next generation of un-
manned surveillance air-
craft that will be needed
between 2015 and 2020.
Longer term studies will
look at prospects for de-
velopment of a common
UCAV system by around
2030. While continental
European manufacturers
have pooled their UCAV
efforts—under Dassault’s leadership—
in the nEUROn program, BAE has
developed its own UCAV prototype,
Taranis. So will BAE Systems be join-
ing the nEUROnN initiative?

MALE and UAS opportunities
BAE Systems is treating this issue
with some discretion and would only
say, “We...note Prime Minister David
Cameron and President Nicolas Sar-
kozy’s joint statement regarding their
intention to collaborate on a future
medium altitude long endurance
(MALE) unmanned aircraft system
(UAS) program and a potential un-
manned combat aircraft system. Not
only is this an important milestone
in terms of the development of our
ongoing unmanned aircraft capabil-
ity, but it represents a significant in-
vestment in the future of our U.K.
and French military aerospace capa-
bility. We actively support this col-
laborative approach with the U.K.
and French governments. Given the
strong research and development in-
vestment that has already been made
in this area by both BAE Systems
and Dassault Aviation, we have en-
tered into discussions with Dassault
to explore how we could best deliver
this opportunity.”

The MALE market is dominated
by Israel and the U.S.; the new ac-
cord gives France and the U.K. an
opportunity to enter this growing
sector with a combined product. The
U.K’s Ministry of Defence (MOD)
Scavenger program entails the identi-
fication of a next-generation ISTAR
(intelligence, surveillance, target ac-
quisition, and reconnaissance) UAS

The MANTIS is a contender for the ISTAR UAS.

by 2012, to follow on from the armed
General Atomics MQ-9 Reaper in
service with the MOD. Potential can-
didates include the General Atomics
Predator C Avenger and a develop-
ment of BAE Systems’ own Mantis
technology demonstrator, though the
Anglo-French accord now opens the
doors for a new European contender.

The treaty addresses two different
levels of cooperation—the sourcing of
material by the U.K. and French mili-
tary (which together account for
around 70% of the total European de-
fense market) and the development
of strategic partnerships between
French and U.K. suppliers to reach
domestic and global markets.

In terms of the first area of coop-
eration—acquisition of new equip-
ment by and combined operations
between U.K. and French defense
forces—the agreement will take the
U.K. and France much further than
they have been before.

Benefits of pooling resources
With the U.K. military now rapidly
downsizing, the need to pool re-
sources with equally cash-strapped
neighbors makes economic sense—
and not just in terms of saving money.
For example, the U.K’s RAF has or-
dered 14 Airbus military MRTT (multi-
role tanker transports), nine of which
will be delivered for RAF service,
with five leased out to civil or mili-
tary operators. There will be huge
benefits if the MOD can lease spare
tanker capacity to a NATO ally, a po-
tential business area currently being
discussed between the French and
U.K. governments. France is looking

Two new treaties will redefine
the U.K.’s defense capabilities

Key components of the November
2010 Anglo-French agreement:

«Coordination of the aircraft carri-
ers to ensure that there is always a
British or French vessel available for
joint operations.

«Creation of a Combined Joint Ex-
peditionary Force training British and
French troops to deploy on operations
together.

«Development of a new nuclear
testing facility at the Atomic Weapons
Establishment at Aldermaston and its
French counterpart at Valduc.

«Pooling training, maintenance,
and logistics resources for the A400M
transport aircraft.

«Increased cooperation on satellite
communications, cyber security, and
the development of new missile sys-
tems, submarine technologies, and un-
manned air systems.

Key air elements of the U.K.’s October
2010 Strategic Defence and Security
Review:

«Defense budget to be cut by 8%
over the next four years.

«Retirement of current Harrier
close-support aircraft this year—to be
replaced by an unknown number of
U.S. F-35s in 10 years’ time.

«Cancellation of the BAE Systems
Nimrod MRA4 surveillance aircraft
program.

«Reduction of the Panavia Tornado
GR4 strike aircraft fleet from eight to
five squadrons.

*Replacement of the Trident sub-
marine-based nuclear missile, but with
£750 million savings to be made by
specifying fewer warheads.

«Two aircraft carriers saved, but
one will not enter service.

to acquire new air tankers by 2015;
any shortfall or delay in capability
could be met by the RAF as the nine
core aircraft are due to be delivered
by 2014, with the five others, avail-
able for leasing, thereafter.

The U.K. will fit catapults and ar-
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International Beat

It is likely that the British JSF buy will be the
F-35C carrier version.

rester gear to its future aircraft carri-
ers so that both countries’ naval
fighters can fly from each other’s na-
val vessels. U.K. aircraft (Lockheed
Martin F-35 Joint Strike Fighters) will
be able to access the French nuclear
carrier Charles de Gaulle.

The construction of two U.K. air-
craft carriers will proceed; that
should allow the creation of a “U.K.-
French integrated carrier strike
group” by the early 2020s. When the
two new carriers, the Queen Eliza-
beth and Prince of Wales, are finally
ready to enter service in 2020, the
former is likely to be sold or stored
and the latter adapted to take the
conventional version of the JSF,
which will use catapults to take off.

According to the International In-
stitute for Strategic Studies (IISS),
“The number of JSFs purchased will
be reduced in line with the aircraft
decision, and they will be the con-
ventional F-35C carrier version rather
than the advanced short takeoff and
vertical landing variant, a change
which may please the air force but
will require that the deployable new
carrier is equipped with catapult
systems and arresting gear.”

There will be further joint service
ventures, most notably the Combined
Joint Expeditionary Force available
“at notice for bilateral, NATO, Euro-
pean Union, United Nations, or
other” operations. Combined land
and air exercises will begin this year.

But for the second part of the
treaty—the closer alignment of U.K.
and French aerospace concerns, and
what this might mean for aerospace
industries of other European coun-
tries and the U.S.—the implications
are less clear, though the first indica-

6 AEROSPACE AMERICA/JANUARY 2011

tions are that this could lead to a
new wave of further defense and
aerospace consolidation in northern
Europe.

The high-level agreement calls for
the development of a common de-
fense industry and research policy
that aims to cut 30% of the cost of
complex weapons systems through a
10-year strategic plan, including the
emergence of a single European prime
contractor. A combined €100-million
minimum annual research and tech-
nology budget has been agreed on, to
look at critical future areas such as
electronic warfare.

A single prime contractor?
The reference to a “single European
prime contractor” for complex weap-
ons systems most probably refers to
the further consolidation of Europe’s
missile business around MBDA, which
was created in December 2001 after
the merger of the main missile pro-
ducers in France, Italy, and the U.K.
The company has three major aero-
nautical and defense shareholders—
BAE Systems (37.5%), EADS (37.5%),
and Finmeccanica (25%).

Many in the industry now expect
the missile interests of Thales to
merge with MBDA. The two are al-
ready partners in ventures such as an
up-rated version of the Storm Shadow
air-to-surface missile fitted to the
RAF’s GR4 strike aircraft. This would
complete the consolidation, for the
first time, of virtually an entire aero-
space sector into a single European
company. MBDA acquired the Ger-
man subsidiary EADS/LFK in March
2006 and in November 2010 an-
nounced an agreement with CIRA
(the Italian Center for Aerospace Re-
search) to work on a series of “flying
test beds” for next-generation missile
technologies.

Further synergies will be sought
lower down the supply chain. “There
has been for a while an attempt to
bring the U.K. and France’s aero-
space and defense trade associations
closer together,” according to Derek
Marshall, director of policy and pub-
lic affairs at ADS. “We are now look-
ing to build on this, making the pro-
cess more systematic. It will also
mean looking at how companies fur-

ther down the supply chain can
come closer together.

There have been attempts at this
in the past, and we shouldn’t under-
estimate the difficulties—but we need
to be more persistent.”

Prospects for U.S. business
Marshall does not, however, believe
this rapprochement with France will
mean the UK. is seeking to realign
its military and industrial links with
the U.S. “This is a question of open-
ing up new bilateral activity. What
you are seeing is the identification of
specific opportunities for cooperation
with France. We've been attempting
to work together for some time,
through a high-level working group,
and now this is a step up from that.
The U.S. market remains the premier
global market and T can’t see the at-
titude of BAE Systems or any U.K.
defense company changing directly
as a result of this agreement.”

The Anglo-French agreement was
signed as the final touches were be-
ing made to a new Defense Trade
Cooperation Treaty between the U.K.
and the U.S.—which should reduce
the bureaucracy associated with the
movement of equipment and infor-
mation between the two nations.

According to U.K. Defence Secre-
tary Liam Fox in October 2010, “By
simplifying export licensing arrange-
ments, the treaty will allow for the
better sharing of information and
technology.” Over the next year new
administrative arrangements under-
pinning the treaty will be trialled on
both sides of the Atlantic, opening
the door to increasing the number of
joint defense and aerospace projects,
currently numbering around 140, be-
tween both countries.

Given the cutbacks announced in
the U.K’s October strategic defense
review, it is likely that, despite the
French treaty, there will be more, not
less, U.K. defense business for U.S.
contractors.

According to the ISS, “The U.K.s
key ally, the U.S., has indicated that
it understands the Cameron govern-
ment’s predicament, and seems con-
tent that the U.K. will maintain its
military commitment to Afghanistan,
keep its defense spending above 2%



of GDP (thus setting an example to
other European NATO partners),
maintain  ‘full-spectrum’ armed
forces (including special forces), con-
tinue its wide-ranging intelligence
collaboration with Washington, and
press ahead with modernizing its nu-
clear deterrent (which is important to
Washington because of the U.K’s fi-
nancial contribution to its Trident mis-
sile program). For its part, the U.K.

Correspondence

I appreciated your roundtable discus-
sion, Human rating for future space-
flight (July-August, page 26), but I
was concerned that the moderator,
Robert Dickman, seemed to want to
focus on a set number for the Proba-
bility Risk Assessment (PRA). It
should be recognized that even a
PRA requirement with a specific
number should not be taken as a line
in the sand. Failure rates and per-
centages are easy to manipulate and
highly inaccurate.

Panel members Bryan O’Connor
and Michael Bloomfield touch upon
the real benefit of PRA; that is, to
produce the sorted list of failures
upon which you can decide where to
allocate resources.

Too often both contractors and
procuring agencies draw that line in
the sand at the requirement number
and work on fixing failures above it
and accepting failures below it. But
often there are failures below the
line that raise concerns due to the
inaccuracies in the numbers and fail-
ures above the line that people are
willing to accept.

A PRA is very valuable and should
always be performed so that each
failure mode and effect can be re-
viewed to determine which ones
should be fixed. Deciding which ones
to fix should be the function of an
experienced board of reviewers and
not based on an arbitrary require-
ment number. Instead of a PRA re-
quirement, a fail-safe/fail-op require-
ment or a baseline set of safety
design guidelines should be used.

In addition to hardware failures, a
good PRA should include software

will become rather less able to con-
duct independent military operations
and more dependent on cooperation
with allies. In the first place, this
means the U.S.”

s

It is likely that the countries most at
risk from the Anglo-French accord
will be Germany, Sweden, Italy, and
Spain. If the U.K. and France do co-

errors (such as initialization), manu-
facturing errors (such as incorrect
torque), operational errors (human
error), maintenance errors (incorrect
calibration), and errors in training
material. William P. Branch

Fort Worth, Texas

Reply by Bob Dickman I agree with
the comment. My intent, as moderator,
was to promote discussion—in part
by suggesting that setting a PRA “too
high” could drive solutions that are ei-
ther unachievable or unaffordable.

>y

In the feature Air Force technology:
Changes on the horizon (November,
page 28) it is stated on page 30 that
“precise navigation and timing in
GPS-denied environments” was
deemed particularly important.

In 2009 I posted two documents
at www.setterholm.com that solve
the problem of coupling a stereo-pair
image to WGS-84 (GPS) X,Y,Z coor-
dinates using a fixed 4x4 homoge-
neous matrix. I conjecture that the
mathematics is simple enough to
teach to bright 9th graders taking lin-
ear algebra 1 after having had alge-
bra 1 in 8th grade.

I call the concept “quantitative Vi-
sual Presence” (qVP); Google that
phrase and my introductory pdf doc-
ument is the No. 1 hit. The mathe-
matical derivation is provided in the
other pdf document in that subdirec-
tory. Under that subdirectory you’ll
find sample qVPs of different areas.
Once a qVP has been formed, GPS is
no longer needed in order to have
“coordinated Stereovision.”

operate on military aerospace pro-
grams to the extent envisaged by the
recent treaty, U.K. firms will proba-
bly replace the leading aerospace
contenders from these countries,
working with French companies on
common European UCAV, weapons
systems, and satellite programs.
Philip Butterworth-Hayes
Brighton, UK.
phayes@mistral.co.uk

The whole world has access to
qVP spatial mathematics. I predict
that, by 50 years from now, qVPs will
be in ubiquitous use in many disci-
plines because of the simplicity, ro-
bustness, and connectivity the algo-
rithm provides to both human stereo
perception and autocorrelation algo-
rithms. Consider bringing the qVP/
coordinated stereovision concept to
the attention of your readers.

Jeff Setterholm
Lakeville, Minnesota

>y

Arianespace: Thirty years and grow-
ing (September, page 18) provided
very important information about the
Ariane launch vehicle. But it failed to
mention that the reason the Ariane
was created was because European
satellite builders were competing di-
rectly with U.S. satellite builders,
who were the main customers of the
existing launch vehicle suppliers such
as the U.S. Atlas and Titan.

Since European satellite builders
were competing directly with U.S. sat-
ellite suppliers, U.S. satellite builders/
owners leverage their importance to
the companies that launched the At-
las and Titan and have priority in re-
ceiving launch dates over European
satellite launches. Len Losik

Failure Analysis

>+
Correction Authorship of “Futuristic
aircraft: Old-fashioned look is only
skin deep” (November, page 14) was
incorrectly attributed. It was written
by Jim Banke, NASA Aeronautics Re-
search Mission Directorate.
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- Washington \\atch

A time of transition

WASHINGTON IS IN TRANSITION—
ringing in a new Congress with Re-
publicans controlling the House of
Representatives and enjoying a larger
presence in the Senate. Rep. John
Boehner (R-Ohio), speaker-elect of
the House, says Washington will be
“doing things differently.” President
Barack Obama says he can work with
the changing faces on the Hill.

At the turn of the year, many in
the nation’s capital want cooperation
on both sides of the aisle but are
concerned over the possibility of leg-
islative gridlock.

NASA'’s ‘interesting times’
The changed mood in Washington
could affect NASA’s human space-
flight program, which is also in tran-
sition. Obama signed the NASA au-
thorization bill in October, fixing
policies that will require $19 billion
for the agency in the current fiscal
year. But Congress must still pass an
appropriations measure.

The authorization directs NASA to
work with private companies to de-
velop commercial rockets for ferry-
ing people to the ISS. It also directs
the agency to develop a heavy-lift
rocket to launch astronauts to the as-
teroids and ultimately to Mars.

Rep. Frank Wolf

8 AEROSPACE AMERICA/JANUARY 2011

NASA Administrator Charles Bolden

Rep. Frank Wolf (R-Va.) will be-
come chairman of the House sub-
committee that funds NASA. Wolf, a
critic of Chinese human rights policy,
criticized NASA Administrator Charles
Bolden for attempts to improve ties
with China on human spaceflight is-
sues. A long-time incumbent with a
constituency in the Washington area,
Wolf may come under pressure from
a new wave of freshman Republicans
who were elected in part on a prom-
ise to trim government spending.

One potential target for cost-cut-
ting is the extra STS-135 shuttle flight
included in the authorizing legisla-
tion and scheduled for next summer.
NASA argues that before it can fi-
nally retire the shuttle fleet, the flight
is needed to support the ISS.

Bolden made a very public appear-
ance at the Orbital Sciences “Mission
Control Center-Dulles” event in Vir-
ginia on November 12. Bolden said
he will push for $300 million in aug-
mented funding for NASA’s Commer-
cial Orbital Transportation Center.
That funding would in part support
Orbital's Taurus II launch vehicle.
Bolden told reporters he can see a
day when human spaceflight is con-
trolled from the Dulles facility.

In contrast, when Bolden ap-

peared for an all-hands meeting at
NASA Marshall, the gathering was off
limits to reporters. Workers in Hunts-
ville are uncertain whether their new
task of managing the design of a
new rocket, rather than simply build-
ing one, will keep their jobs secure.
NASA and contract employees at the
other space centers around the coun-
try are evincing similar anxieties.

Observers in Washington say the
administration’s human spaceflight
program lacks focus and could ben-
efit from being branded. “Until now
we had what was called the Vision,
and it had a name, Constellation,”
says one NASA insider, referring to
the now-defunct plan for a shuttle re-
placement. Although engineers are
still working on components of the
abandoned program, the word Con-
stellation is no longer used at NASA.
“Just when we need real vision, we
no longer have a term to describe the
program we’re trying to see in our
future,” says the insider.

Cracked support beams on the ex-
ternal tanks and a hydrogen leak
halted the scheduled November STS-
133 launch by the shuttle Discovery.
As NASA engineers replaced a mis-
aligned seal to plug the leak and
contractors sprayed insulating foam
over a section of the tank where the
cracks were spotted, managers de-
cided the analysis and tests required
to launch safely were not complete.
Launch has now been postponed to
no earlier than February 3.

Six astronauts, led by Air Force
Col. Steven W. Lindsey, are preparing
for a belated journey to the ISS. Dis-
covery will deliver a storage room
for the station as well as a humanoid
robot designed to help astronauts
with work in space. The NASA au-
thorization bill provides for two fur-
ther missions—with the final flight
next summer—before the shuttle pro-
gram ends.



Cracks on Discovery have delayed its final
launch to the ISS.

Plans for Discovery to become a
display artifact at the Smithsonian In-
stitution’s Air and Space Museum
may be killed by the $28.8-million
cost. Neither the Smithsonian nor
NASA can afford to move the shuttle
to the museum. No announcement
has been made as to which museums
will acquire the other two shuttles,
Atlantis and Endeavour.

[A correction: In the November is-
sue this column reported that the
FY11 NASA authorization bill elimi-
nates the Moon as a destination in
the postshuttle human spaceflight

program. As a reader pointed out, al-
though the administration’s program
does not include returning astronauts
to the Moon, the NASA authorization
bill does not preclude it.]

Deficit discussion
Cochairing an 18-member, bipartisan
presidential commission on the debt
and the deficit are Erskine Bowles,
former chief of staff to President Bill
Clinton, and Alan Simpson, former
Republican senator from Wyoming.
Bowles and Simpson want to address
the nation’s fiscal ills by trimming
$100 billion from the Defense Dept.,
freezing federal salaries, extending
the Social Security retirement age,
and taking dozens of smaller steps—
all the way down to having the
Smithsonian charge a $7.50 admission
fee. The cochairmen’s scheme, avail-
able in draft form in early December,
would wipe away the popular mort-
gage interest deduction for taxpayers.

Alice Rivlin, former budget direc-
tor, and Pete Domenici, former Re-
publican senator from New Mexico,
are offering a different deficit-reduc-
tion plan that would include a 6.5%
value added tax on consumer pur-
chases. Both plans would reduce
federal agricultural subsidies.

The proposals generated a lot of

The Marine Corps and Italy are the only
remaining purchasers of the F-35B.

Erskine Bowles and Alan Simpson

discussion in Washington and a little
support from Congress, the press,
and the public. But both plans ap-
pear unlikely to receive serious con-
sideration in Congress or from the
administration. Because of their aus-
terity, Rep. Nancy Pelosi (D-Calif))
found the proposals to be “simply
unacceptable.”

The News Herald of Panama City,
Florida, editorialized that in the view
of some, the draft report from the
Bowles-Simpson commission arrived
with a “toe tag” attached to it. A CBS
News poll shows that 56% of Ameri-
cans want Congress to concentrate
on jobs and the economy. A mere 4%
cite the budget deficit and the na-
tional debt as important.

Greater costs and delays for JSF
The F-35 Lightning II Joint Strike
Fighter program is undergoing its
third restructuring in two years. Al-
ready behind schedule and above
cost projections, the F-35 will now be
delayed many months more than
previously expected. The program is
also reeling from drastic cost-cutting
measures by Great Britain, including
cancellation of the short takeoff ver-
tical landing version. This leaves only
the Marine Corps and Italy as pur-
chasers of the STOVL fighter, known
as the F-35B. Many in Washington
wonder whether the STOVL variant is
still viable.

More than any other program, JSF

AEROSPACE AMERICA/JANUARY 2011 9



Washington atch

stands as a symbol of U.S. military
prowess and technology. A “fifth-
generation” stealth fighter with com-
pletely new instruments, avionics,
and helmet-mounted cueing, the JSF
is a boon to industry. Some 2443 of
the high-performance fighters are
slated for the Air Force, Navy, and
Marine Corps, with many more going
to eight international partners.

In test flights, the JSF “has a lot of
power, handles well, is crisp in all
axes, and is well behaved,” said
Lockheed Martin test pilot Bill “Gigs”
Gigliotti in an October telephone in-
terview. Compared to the present-
day F-16 Fighting Falcon, which pi-
lots find difficult to land, the JSF is “a
dream during operations in and
around an airfield,” Gigliotti said.

But program delays and cost in-
creases are being viewed with in-
creasing seriousness in Washington.

Secretary of Defense Robert Gates
received a November 2 briefing tell-
ing him that operations and support
costs for the F-35 will be rebudgeted
at 1.5 times those of the aircraft it re-
places, more than twice the original
goal, and 50% more than projections
that were being made as recently as
one month earlier.

The delay is a serious blow to the
Marine Corps, which has no alterna-
tive to the F-35B. Marines provide
the aircraft aboard the Navy’s am-
phibious assault ships. They sacri-
ficed a chance to buy the F/A-18E/F
Super Hornet because they wanted
to invest aggressively in STOVL.

The latest delay resulted from a
need for more time to carry out flight
testing and to mature software. Two
Air Force JSFs that had been in-
tended for delivery to the 33rd
Fighter Wing “Nomads” at Eglin AFB,
Florida, in December 2010 will now
stay at the factory until April to be
instrumented for tests. After that, the
two planes will go to Edwards AFB,
California, for further evaluation.
The wing at Eglin, slated to train JSF
pilots and maintainers, is now grow-
ing toward full personnel strength
but has an empty ramp.

Tanker snafu

An aircraft selection in the Air Force’s
KC-X air refueling tanker competi-
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Air Force Chief of Staff Gen. Norton A. Schwartz

tion, once expected before the end
of 2010, is now scheduled for this
month.

Air Force Chief of Staff Gen. Nor-
ton A. Schwartz said on November
23 that he is reassigning two officials
who mistakenly sent confidential
data to Boeing and EADS about the
other’s proposal for the 179-plane,
$35-billion tanker contract. Schwartz
says “just one page” of information
was sent. “Instead of receiving infor-
mation about how the Air Force
evaluated the fuel-carrying capabili-
ties of its plane,” each competitor
“was given similar data on its rival,”
he adds. The Air Force chief says the
mistake will not tarnish the bid pro-
cess—but others believe the loser in
the KC-X competition will now have
firm ground for a protest.

Schwartz declined to name the

Secretary of State Hillary Clinton

two individuals fired from the tanker
program, but he indicated more ac-
tion would be taken “to hold ac-
countable those responsible for the
mistake.”

TSA, the public, and the Hill
A backlash by airline passengers was
scoring hits on new airline security
measures put into effect on the eve
of the holiday travel season—but not
as many hits as critics had once
hoped. On November 14, Secretary
of Homeland Security Janet Napoli-
tano appeared at a news conference
and defended full-body scanners and
a new kind of body pat-down. Na-
politano reminded the public, and
indirectly lawmakers on Capitol Hill,
that just one year has passed since a
man attempted to blow up an airliner
using a bomb embedded in his un-
derwear. The Transportation Security
Administration is part of Napolitano’s
department.

While many Americans support
enhanced security measures, which
they see as a necessary shared sacri-
fice, the measures may come under
scrutiny by a new crop of legislators
who favor smaller government.

John Pistole, head of the TSA, en-
dured a grilling from the Senate Com-
mittee on Commerce, Science and
Transportation on November 17. Sec-
retary of State Hillary Clinton, ap-
pearing on NBC’s Meet the Press, said
she thought “everyone, including our
security experts, are looking for ways
to diminish the impact on the travel-
ing public” and that “striking the
right balance is what this is about.”
But Clinton also said that she would
not like to submit to a security pat-
down. The press attention to the is-
sue brought forth the revelation that
members of Congress, cabinet offi-
cials, and other Washington bigwigs
never undergo security screening.

Outgoing Rep. Pete Hoekstra (R-
Mich.) and Rep. Jason Chaffetz (R-
Utah) called for profiling as a means
for better addressing the threat to air
travel. But the issue has not resonated
with the public: A planned holiday
boycott of scanning machines failed
to materialize.

Robert F. Dorr
robert.f.dorr@cox.net
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AS WE REMEMBER THAT TRAGIC DAY,
AND HONOR THE SEVEN WHO GAVE THEIR LIVES,
WE ALSO REMEMBER THAT EXPLORATION
DOESN'T HAPPEN WITHOUT RISK,

KEEP THE DREAM ALIVE.




Conversations with

Michel Peters

I guess the pressure is increasing,
in the Netherlands as elsewbere, to
move increasingly quickly from
theoretical research to real appli-
cations, to ensure the work you do
in the laboratories reaches indus-
try much faster than in the past.

Of course. It is especially impor-
tant for us in the Netherlands, where
we are about fifteenth place in the
world on the economic scale. The
government ordered a study about
four years ago to see how the results
of theoretical research could be
brought faster to industry. They were
quite concerned that fundamental re-
search could be better interfaced
with industry, and the vital role for
undertaking this work was given to
research establishments like NLR.

We are one of the four primary, or
major, technology institutes [GTIs in
Dutch] in the Netherlands. ECN deals
with energy; the second, DELTARES,
concerns water management; MARIN
undertakes marine and naval re-
search; and then you have NLR, fo-
cusing on aerospace research.

One of the specific tasks of these
institutes is that we enable funda-
mental research to move to applied
research; we build prototypes to get
technology risk out of the research
concept and bring it to the Dutch in-
dustry. If you look at the turnover of
NLR, around 25% is received from the
government for high-tech research
and the remaining 75% is contracted
from industry and government, both
national and international.

Because you are tied to industry,
bow bave the economic ups and
downs in the market affected your
work? Has it changed the products
you are interested in or how much
money you have available?

About 15 years ago we had the
bankruptcy of Fokker, which had a
big impact on NLR. But in the end
the impact has not been too big. It’s
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a pity that an independent airframe
manufacturer was lost, but there are
still large parts of Fokker which have
remained and they are doing quite
well. T think this has something to
do with the fact that there is still a
very large knowledge cluster in the
Netherlands. We have an excellent
technical university at Delft, with an
important aerospace faculty, and NLR
retains its close relationship with in-
dustry and small and medium-sized
enterprises. A benefit is that the intri-
cate knowledge level of aircraft de-
sign is still present.

Among the many aircraft pro-
grams you are working on, the
Joint Strike Fighter and the Fokker
100 NG [Next Generation] seem to
be particularly important to Dutch
industry. Would you say they are
the two biggest programs for you?
No, but they are important. If you
look at the JSF, it’s mainly a political
decision whether the JSF will be se-
lected—it’s a parliamentary decision.
In general I can say that when the
time comes for the government and
air force to choose a fighter aircraft,
whatever it may be, Dutch industry
should be positioned well to get the
revenues out of it, and consequently
NLR will support Dutch industry.

What is your biggest program, in
terms of financial volume?

There is a variety. The Fokker 100
NG is not yet the biggest program,
but we’re working very hard on this.
The program entails a complete avi-
onics refit, new winglets, new engines,
and the integration of the engine
with the fuselage. We will also be in-
volved in wind tunnel tests and flight
tests during the preparation phase.

The biggest industrial program,
indirectly through Dutch industry,
would be the work we do for Airbus.
This covers a variety of component
testing, research into new aircraft
materials, and other related work.

The Pplane personal transport is
one of the very different programs
you are engaged in—a platform
you would not normally think of
as a logical next step for the indus-
try to take. Why are you doing this?

Despite the economic crisis here,
globalization will continue. If that’s
the case, then mobility and transport
demands will grow. When that hap-
pens there will be greater demand to
improve the quality of travel, and
that means multimodal transport op-
tions, so when you leave your house
there should be a kind of seamless
travel experience.

“Despite the economic crisis here, globalization
will continue. If that’s the case, then mobility and

transport demands will grow.”

Do we know when the JSF decision
might be made?

In the Netherlands, we have just
formed a new government. There is
a high-level strategic draft govern-
mental agreement, but a final deci-
sion on whether to buy the JSF will
not be taken in the period of this
government. However, there is an
agreement for a second JSF test air-
craft to be purchased.

One of the possible means of
transport for this may be personal air
travel, small personal aircraft, which
will allow you to fly directly from
your back yard to the airport. These
programs will need technical solu-
tions, but the big challenges will be
human training and understanding
what level of automation you will
need in the personal aircraft. It will
mean finding the balance between



the capability of the crewmember
and the level of automation available.
And that's a problem—especially
when you want to fly that aircraft in
less than benign weather conditions.

The challenge of automation, it ap-
pears, is the key to the future for
aviation—and not just for Pplane.
It seems the real challenge is to
map out where we are now to
where we need to be, so pilots and
controllers are systems managers
rather than tactical, hands-on op-
erators. In developing these sys-
tems, should we create a grand vi-
sion of what it should be like in 50
years and work toward that or in-
troduce automation in a more
pragmatic way, as it becomes
available?

More automated tools will be-
come available to pilots and control-
lers on the ground, that’s true. But
the human will remain in the loop,
though more for a monitoring type
of task. It’s subtle, but important.

A long-term vision, the dot on the
horizon as I like to call it, is impor-
tant, but no one knows what it’s go-
ing to be, because it’s hard to fore-
cast the future. So you look at it and
then you make your evolutionary
steps. It cannot be any other way.
Developing new concepts is one
thing, but they need to be integrated
into the current system. The concept
as such is important, but thinking
about the transition is equally if not
more important.

So what are the key evolutionary
steps toward automation?

The most important, and unex-
plored, area is a better understanding
of human factors. With the personal
transport, a relatively unskilled per-
son will have to fly it, which means
the balance between the skill level
and the level of automation provided
by that aircraft needs to be found.

This must also be undertaken in
combination with the new genera-
tion air traffic management systems
that will have to cope with all these
new small aircraft.

Some of the main challenges are
self-separation between two aircraft,
how to deal with adverse meteorolog-
ical conditions, and integrating these
vehicles at large airports. Currently,
we’re looking at airports handling
about 36 aircraft per runway per
hour, but that won’t be nearly enough.

For the challenge of self-separation
that’s quite close. Given the need to
integrate unmanned air systems
within civil airspace, we’re only a
Jew years away. Do you think we will

Interview by Phillip Butterworth-Hayes

bave the technology available by
2015 or 2016?

The technology is not so much
the issue any more. Regulation of the
airspace and the role of controllers is
more of an issue. I'm not saying the
technology is not a problem, but a lot
of the technology issues are known.
For example, we have conducted a
research program called OUTCAST
where we equipped one of our re-
search aircraft, a Cessna Citation, as
a UAV, with very high resolution elec-
trooptical and infrared sensors. We
used them with a high level of auto-
mation for target tracking—in this
case with air vehicles in the vicinity—
to see if it was possible to mimic
see-and-avoid operations. The an-
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swer was “yes.” It’s not simple, but
real flight testing over four to five
years has shown it’s possible.

Has that work formulated any new
thinking among regulators?

Yes. Our civil and military aviation
authorities were part of that experi-
ment, which increased their knowl-
edge of flying aircraft in segregated
airspace. When it comes to certifying
these UAVs, a lot of the work has fo-
cused on the aircraft—but that’s not
good enough. At NLR we have been
very active in the ATM field, with re-
spect to airspace simulation models,
where we simulate in real time new
airspace concepts, including arrivals
like continuous descent approaches
(CDAs) and departures.

The demand of the ATM system is
not just safety, but overall capac-
ity, coordination with military,
flight efficiency, improved envi-
ronmental performance. We bave
these buge research programs in
Pplace such as U.S. NextGen and
SESAR [Single European Sky ATM
Research], but I wonder whether
we are really going to see the bene-
fits in the next five years from all
the billions of euros we are invest-
ing in the research.

I think so. SESAR and NextGen
are huge programs. If you look at the
current European airspace, there are
around 600 sectors, so when you fly
from southern France to Amsterdam
you have to pass through more than
10 of these. Even though the U.S. has
a larger volume of traffic than Eu-
rope, the costs per flight in the U.S.
are around half of that of Europe.

In addition to SESAR are func-
tional airspace blocks [airspace man-
aged by multinational consortia of air
navigation service providers]. This
will lead to more direct routes and
better coordination between military
and civil users, and this will certainly
benefit safety and capacity and
lessen the environmental impact.

But that’s changing what’s already
there. What about the next genera-
tion of ATM technology, to allow
Jor large increases in numbers? We
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“The idea is, in general, that we have one complete real-time
system providing all relevant information of all aircraft to all
actors in the European ATM network.”

will need to increase the number of
aircraft a controller can bandle at
any one time—currently around
20—so what technologies are you
working to increase this volume?
With more direct routings, you
have another class of airspace. NLR
is looking at automation systems as-
sisting the controller to handle more
traffic while increasing safety levels.
It will take some time, certainly more
than five years, before we see a
change in the controller’s role from
controlling to monitoring. Some of
that automation has shifted to the
aircraft itself, to systems such as air-
borne separation assurance systems
(ASAS), which NLR has flight tested.
A second area for us is improved
airport operations. At Schiphol air-
port, a very large airport lying in a
highly populated area, we are work-
ing on CDAs where we have done a
variety of national programs with
our own and KLM aircraft. We've
also undertaken work on automating
highly accurate departure routes.

What improvements bave you
seen?

Less noise and higher fuel effi-
ciency. We are looking at a new de-
parture procedure where the aircraft
accelerates earlier and at a lower alti-
tude, with earlier retraction of flaps
and slats, with the aim of reducing
fuel burn and noise.

We are also in discussion about
merging civil and military airspace,
which is especially important when
you're flying through the southeast-
ern part of the Netherlands to Ger-
many, when you have to extend your
route by 10-15% to avoid flying into
military airspace.

Many of these are changes in pro-
cedures ratbher than core technolo-
gies, for example, systems that au-
tomate flight plan processing and
correlating this with radar data to
increase the number of aircraft a
controller can bandle at one time.

One of the programs we have un-
dertaken has been to provide real-
time meteorological information to
the flight deck. The aircraft has
weather radar, but this has only a
limited range. What the pilot would
like to see is the actual weather all
the way along the route. Around two
years ago we undertook a trial with
one of our aircraft on a flight from
Paris to Amsterdam, using ground
stations to provide exact meteorolog-
ical information on weather along
the route, uplinked directly to the
flight deck, giving the pilot an excel-
lent overview of what he or she
could expect.

This will happen—it will be nor-
mal technology in a few years’ time.
The technology is now available, but
it will be up to the operator to pur-
chase it or not. It greatly improves
safety, capacity, and, of course, the
comfort of passengers..

Hypersonic air travel—is it now off
the agenda?

No, but it is long term. I think that
progress on this will be evolutionary,
perhaps through “recreational avia-
tion” such as space tourism. I think
space tourism will be the starter for
that type of activity because, from a
technological standpoint, there are
still things to conquer—propulsion
and reusability of the aircraft. 1T no-
tice there are a lot of private initia-
tives for spaceports. Some will fail,
but some of them will succeed. It
will take place in the long term.

But bow far away are we from by-
personic travel?

I think it will take a long time.
The U.S. is working on ramjets, but
with respect to safety levels, there are
major challenges. If you look at the
current rate of catastrophic equip-
ment failure it is about 107, or one
failure per billion flight hours. When
the public wants hypersonic flights,
they will insist on the same levels of
safety.



For many, the focus for aerospace
bas changed from speed to inte-
grating aviation into a sustain-
able transport system. With per-
sonal transport and bypersonic
vebicles you are going against the
political demands of society for
aviation to be primarily sustain-
able. How do you merge faster,
more personal transport systems
and the wider demands of society?

Within air transport there are three
core elements—capacity, safety, and
environmental impact. Those are the
parameters you can play with. Of
course you can increase safety levels
by grounding all aircraft, but that
doesn’t help with respect to capacity.

I think with true innovation you
can increase both capacity and safety
while reducing environmental impact.
If you look at the environmental im-
pact—emissions and noise—then in
the reduction of perceived noise lev-
els from engines and airframes, there
are still large improvements to be
made. We're working on this.

But we are also looking at what
kind of fuels we will need in the fu-
ture. If I am correctly informed, in
about 50 years fossil fuels will be de-
pleted. One of the biggest challenges
now is the development of so-called

during work. This is more than cock-
pit resource management. In addi-
tion, it is also looking in detail at the
interaction between air traffic con-
trollers and flight crew. That’s really
something new. If you really can un-
derstand how people’s minds work,
then you can start to improve train-
ing and thereby safety levels.

What bave you been able to achieve
in Europe through collaborative re-
search rather than working at just
a national level?

We face huge challenges. We don’t
know which are the most promising
new propulsion types or new fuels
and new materials. It’s such a vast ter-
rain, we have to collaborate. No one
nation in Europe has the money or
resources to do it by itself.

But what areas bas NLR decided to
specialize in?

Knowledge management is a big is-
sue for us. We have made a taxonomy
of 12 knowledge areas that we are
pursuing, ranging from ATM research
through aircraft safety, aecrodynamics
and so on. There are, furthermore,
three areas we think are extra im-
portant—new materials, environmen-
tal issues, and aircraft safety.

“If you really can understand how people’s minds work, then you
can start to improve training and thereby safety levels.”

“drop-in fuels,” which we can use on
current technology engines, with the
same specifications as current fuels
but, for instance, based on biomass
to extend the period until the fuels
will be depleted.

We're looking at new ATM proce-
dures and technologies, faster ascents,
engine technology—as part of wider
European programs like Clean Sky—
and the safety culture of operators.

With respect to safety, we are un-
dertaking more fundamental re-
search into human factors, not
merely relating to the man-machine-
interface but more to “shared mental
models,” to understand how teams
work together. Shared mental models
are the shared knowledge structures,
for instance, of pilots that they use

What bas been the result of your
work in new material research?

This stems from the work we did
when Fokker was still building air-
craft. The company was one of the
pioneers in bonded materials, in-
vented by Fokker in close coopera-
tion with NLR and the technical uni-
versity of Delft. As a result of this
work a new type of material was in-
vented, glass-reinforced fiber metal
laminate, or GLARE, which has been
quite a success, with a large part of
the A380 built from it.

But I baven’t seen a GLARE appli-
cation since the A380.

Boeing decided on a fully com-
posite fuselage [for the 787]; the A350
is still not decided. We are doing ad-

ditional research into GLARE, a
higher strength version, and are
planning research programs to de-
velop affordability initiatives for it.
But in parallel, we are also looking
at composites with respect to the ma-
terial itself—manufacturing, durabil-
ity, and reparability—which is really
new. The reparability of composites
is a particular issue because the ma-
terial is made of several layers, and if
you have damage on the outer layer
normally you don’t see it on the in-
side. That’s a real problem.

Last but not least, we are also re-
searching life fatigue monitoring.
We're currently embedding sensors
into the material that continuously
measure stress on a specific part of
the airframe.

What results bave you bad?

We have done this mainly for our
military customers. All military air-
craft are now equipped with small
sensors that measure stress on the
airframe. Based on that raw data, we
provide information to the air force
that they use for fleet planning.

With respect to maintenance, this
has decreased the cost of mainte-
nance and increased the availability
of aircraft. Reduction of maintenance
costs is important, but knowing ex-
actly if the aircraft is available is of
the utmost importance for a military
aircraft.

Do you think in the future we will
be able to move the successful re-
sults of theoretical research more
quickly into the market?

The speed of introduction has
something to do with the maturity of
the technology, but that's not the
only parameter. It’s sometimes quite
easy to develop in an experimental
environment a new concept and to
test it relatively quickly in a research
aircraft. But when it will be imple-
mented it can only be enforced by
ICAO [International Civil Aviation Or-
ganization] or by means of govern-
ment mandates. TCAS [traffic colli-
sion avoidance system] was first
invented in the mid-1960s but only
finally mandated in 2004. Technol-
ogy is not the only limiting factor.
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ISS: A decade on the frontier

THE INTERNATIONAL SPACE STATION
is our lone toehold on the frontier of
deep space. Sometime after 2020,
NASA astronauts may venture again
beyond the confines of LEO, per-
haps to an asteroid, perhaps to chase
other nations to the surface of the
Moon. But for the next 10 years and
beyond, as it has been since Novem-
ber 2000, the U.S. destination in or-
bit will be the ISS, humanity’s class-
room for human spaceflight.

The ISS was born on December
7, 1998, when the first two modules
were joined by the STS-88 shuttle
crew. The Expedition 1 crew took
up residence on Nov. 2, 2000. On
October 25, 2010, the ISS surpassed
Mir’s 3,644 days as history’s longest
continually inhabited space station.
As of last November, more than 196
individuals have visited the ISS, in-

cluding seven private space travelers.

When I floated aboard in Febru-
ary 2001, the three-person crew al-
ready had far more elbow room than
the shuttle; today, the station’s work
and living spaces are the equivalent
of a five-bedroom house. Amenities
include two bathrooms, a gym, and a
seven-pane “bay window” (the cu-
pola) with a breathtaking view of
Earth 220 miles below.

Who's in LEO?
The ISS crew complement expanded
from three to six in May 2009. Its cur-
rent residents (as planned at press
time) are the astronauts of Expedition
26: Scott Kelly (commander), Alexan-
der Kaleri, Oleg Skripochka, Cathe-
rine Coleman, Dmitry Kondratyev,
and Paolo Nespoli. The latter trio was
due to arrive on December 15, 2010,

In the Tranquility node, NASA astronaut Doug Wheelock, Expedition 25 commander, works to install
the new Sabatier system that will extract more water out of the ISS atmosphere.
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and will stay aboard through May
2011. With delivery of the permanent
multipurpose module Leonardo on
Discovery’s final flight, the ISS will
expand to 12,000 ft* of pressurized
living space. The last planned pres-
surized addition is the Russian Nauka
multipurpose laboratory module,
scheduled for arrival late this year.

NASA marked the 10-year crew
presence milestone with November
ceremonies. Peggy Whitson, NASA’s
chief astronaut and, on Expedition
16, the station’s first female com-
mander, noted:

“To have constructed something
on orbit greater than a football field
in length, with more internal pres-
surized volume than a 747, with parts
and pieces and participation from 15
countries around the world, full-time
24-hour/7-day-a-week operations,
and human presence for 10 years,
fills me with an incredible sense of
pride in what our organization can
accomplish.”

Shift to science
That achievement is visible regularly
in the evening or morning sky as a
brilliant star traversing the heavens
[see http://spaceflight.nasa.gov/real-
data/sightings/]. The station’s truss—
its structural backbone—spans 108.5
m (about 0.75 acre), supporting the
four immense but delicate solar ar-
rays that generate most of the out-
post’s power. Much of that electricity
will help the ISS achieve its original
purpose, scientific research.

Col. Timothy J. “TJ” Creamer, who
worked aboard the station on Expe-
ditions 22 and 23, said in an inter-
view that “It was a privilege and a
blessing to have served on the ISS on
the cusp of its career. During my ten-
ure there, construction was nearly
completed, and ISS was shifting from
its assembly phase to utilization.”



In its first decade, the orbiting lab-
oratory has supported more than 600
experiments in the unique, nearly
zero-gravity environment. ISS com-
munication resources give research-
ers and engineers continuous access
for fine-tuning their investigations.
Between now and 2020, the research
facilities will support not only funda-
mental science investigations, but
also trials of promising exploration
technologies.

NASA and its partners are cur-
rently using the research facility for
long-planned experiments in the
three laboratories: the U.S. Destiny,
European Columbus, and Japanese
Kibo. In the past decade, 59 coun-
tries have been involved in research
in disciplines as varied as the physi-
cal sciences, life sciences, planetary
and Earth science, heliophysics, and
astrophysics [see www.Nasa.gov/iss-
science/]; for example:

eThe smoke aerosol measurement
experiment found that burning space-
craft materials in free-fall produced
soot particles 50% larger than those
in terrestrial cabin fires. Studies of
smoke propagation identified inade-
quacies in current spacecraft smoke
detector technology, with a goal of
improved astronaut safety.

*The Kibo-mounted MAXI (moni-
tor of all-sky X-ray image) experiment
uses highly sensitive X-ray slit cam-
eras to survey for energetic sources
like neutron stars and black holes.
On September 25, the instrument dis-
covered a new stellar nova whose

Astronaut Susan J. Helms works at the Human
Research Facility’s ultrasound flat screen display
and keyboard module in the Destiny/U.S.
Laboratory.

center likely harbors a black hole. As-
trophysics research will take a major
step up when the massive alpha mag-
netic spectrometer arrives in early
March, searching for energetic atomic
particles linked to the cosmos’ dark
matter and energy.

e Astronauts were trained in orbit
to use the advanced diagnostic ultra-
sound in microgravity (ADUM) ex-
periment, testing new guiding meth-
ods to obtain rapid, accurate diag-
nostic ultrasound images. The space
proven techniques have found appli-
cation on Earth in remote diagnoses
everywhere from Mt. Everest to Inuit
maternity clinics.

«The nutritional status assessment
study has demonstrated that ISS as-
tronauts, living indoors under artifi-
cial lighting for months at a time, are
deficient in vitamin D. Resulting vul-
nerabilities may include depression,
chronic fatigue, weight loss, diabe-
tes, heart disease, stroke and osteo-

ed the basis of the station back in 1998.

porosis. The study also showed that
adding omega-3 fatty acids to space
food counteracted bone loss, a find-
ing since confirmed by ground-based
cellular studies and bed-rest results.

If on-orbit diet supplements can
protect against bone loss, they may
eliminate one of the major chal-
lenges of extended deep space voy-
ages, as well as aiding osteoporosis
patients back on Earth.

«ISS investigations since 2008 into
microbial gene expression and viru-
lence have revealed that pathogens
like the common salmonella bacte-
rium become more virulent in free
fall. The resulting insight into the ge-
netic trigger of this effect has led As-
trogenetix to investigate a candidate
antimicrobial drug.

«AiroCide TiO,, an air purification
technique developed for the station’s
onboard mini-greenhouse, has dem-
onstrated the ability to remove an-
thrax spores and similar pathogens
from indoor spaces like mail han-
dling facilities.

The space station is now engaging
the imaginations of future explorers.
Already, over 31 million students have
viewed educational demonstrations
conducted by ISS crewmembers,
with 900,000 participating directly in
research projects aboard. The careers
of some of these aspiring scientists,
engineers, and astronauts might one
day take flight thanks to the ISS. In
the Apollo era, students like me were
captivated but passive observers of
events unfolding on the Moon. To-
day, young experimenters can inter-
act with crewmembers and research-
ers on Earth and aboard the station,
participating in the process of scien-
tific discovery.

During Expeditions 25 through
30, astronauts working in the three
labs of the U.S. orbital segment will
conduct 333 scientific investigations;
Russian cosmonauts will operate ex-
periments in the Poisk and Rassvet
research modules farther aft. About a
thousand scientists have been in-
volved to date in ISS research.

An international panel of research
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advisors recently cited the ISS char-
acteristics attracting potential users:
continuous access to microgravity,
with gravity as a controlled experi-
mental variable; high vacuum and
conditions to create ultra-high vac-
uum; continuous presence in space
for long experimental runs and cumu-
lative results; and significant power
and instrument support for geophysi-
cal and environmental observations
from LEO, with an orbit covering over
90% of Earth’s populated surface.

“We’re now looking ahead to using
the ISS as a platform for teaching us
how to get to Mars,” says Creamer.
“We must extend this platform’s orig-
inal purpose from pure research to
help us take on the challenges of
deep space exploration. We can use
the ISS as a testbed, incorporating
challenges like communications de-
lays, onboard autonomy, and new
technologies like life support.”

Other technology areas include
crew health systems for exercise and
radiation protection, advanced solar
power systems, propulsion innova-
tions, new spacesuits and mobility
gear, inflatable habitats, and handling
of planetary “ores” for space resource
utilization.

One example of such exploration-
driven experiments was the October
activation of a water-generation sys-
tem that recycles two ISS waste prod-
ucts. Hamilton-Sundstrand’s Sabatier
reactor, installed in the Tranquility

Developed and built by Thales Alenia Space in Italy, the cupola is a
spectacular technological, robotized control room that allows the
astronauts to see and work through seven windows, looking out

360° around the ISS.
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An STS-132 crewmember aboard Atlantis captured this view after the station and shuttle began

their post-undocking separation.

node, combines hydrogen released
by the station’s waste-water-to-oxy-
gen system with carbon dioxide ex-
haled by the crew to produce water
and methane gas (CHy). The water is
purified for crew use while the meth-
ane vents overboard. The 530 gallons
of water generated annually will fur-
ther close the life support loop, and
reduce water demand even as the era
of shuttle-supplied water ends.

The crew and flight controllers
will work together on simulations to
mimic operations during a deep-
space voyage. “ISS is a great analog
for the Mars transit phase” of an in-
terplanetary mission, says Creamer.
Controllers will introduce communi-
cations delays caused by extended
light-travel times, and
the crew will do with-
out real-time interac-
tion with the ground.
These exercises should
point to command,
control, and planning
software needed on
extended deep-space
missions.

A steady stream of
exploration  testing
should follow these
first steps aboard the
station. The astronauts
should check out a
new generation of
more flexible, comfort-
able spacesuits. Mete-

oritic and lunar materials should be
fed into resource extraction proces-
sors operating in free fall. And lunar
rover designs derived from Constel-
lation may evolve into free-flying
spacecraft like NASA’s space explora-
tion vehicle, to be tested at ISS be-
fore ferrying astronauts to the sur-
face of a near-Earth asteroid.
Astronaut guinea pigs are still in
demand, too. Creamer notes that
“Our return to Earth from the station
gives us a chance to explore ways of
getting a crew back on their feet in a
g-field and working efficiently after
arriving on the surface of a new
planet. We have to deal with re-
adapting the inner ear, muscle tone
and mass, and strength and coordi-
nation to working well in gravity
again.” He recalls that after landing
“it took me about five days to be able
to walk a straight line again, and two
to three weeks before I considered
myself fully competent at driving.”

President Obama’s FY11 budget pro-
poses funds to support NASA ISS op-
erations through 2020, in keeping
with a goal endorsed last year by the
ISS partners. They also agreed to ex-
amine the technical and program-
matic feasibility of extending the
ISS’s life through at least 2025.

The station may not be alone in
LEO by then: two Russian companies
have proposed a commercial space



station, to be launched in 2016, and
Bigelow Aerospace plans to use its
inflatable Sundancer and BA330
modules in constructing a platform
to host tourism and industrial activity
sometime after 2015.

NASA hopes the ISS has at least 15
years of useful life ahead. When
structural or systems degradation
leads to its abandonment, safe dis-
posal will be neither simple nor
cheap. The station’s small maneuver-
ing engines, even with added thrust
from a docked Progress cargo/tug,
do not have enough fuel to guide the
900,000-1b hulk into the Pacific. A
purpose-built deorbit module will
cost hundreds of millions of dollars
to launch and dock; an additional
cost will be the embarrassing visual
of dumping the $100-billion station
into the ocean (with many systems
still functioning). Such a denoue-
ment will be a distinctly unpleasant
option for NASA and space policy
makers.

A far more attractive plan is to re-
purpose those still-valuable compo-
nents and fold them into NASA’s ex-
ploration infrastructure. Laboratories
or life support modules could serve
as crew living space on a deep space
vehicle; the 358-ft truss might sup-
port a future propellant depot or
transportation node at the Earth-
Moon L1 Lagrange point. Alterna-
tively, salvaged structures might form
the nucleus of an assembly garage

Parts of Europe and Africa are easily recognizable in this nighttime image shot by one of the
Expedition 25 crewmembers flying 220 mi. above Earth.

where deep space vehicles might be
constructed and checked out.

In all such proposals, the salvage
value of the orbiting hardware must
exceed the cost of propellant needed
to shift it to a new orbit, or to launch
additional support components.

Whatever its ultimate function, the
space station’s current challenge is to
deliver a high-profile return on the
tens of billions of dollars invested in
its development and construction. Al-
ready the ISS has delivered valuable
lessons on international cooperation
and operations, and forged partner-
ships that have withstood disaster
aloft and shifting geopolitical winds
on Earth. But to truly realize its
promise, early hints of promising dis-
coveries from the three ISS laborato-
ries must swell into a steady stream
of productive research results.

For at least the next five years, 1SS
will be the sole focus of the agency’s
human activity in space. NASA has a
window of opportunity to shape the
public perception of the station’s
value through a solid record of scien-
tific achievement. If NASA can de-
liver on its research strategy of pro-
viding new scientific knowledge,
new exploration technologies, and
new products and processes that pay
off on Earth, we may judge ISS to be
a success long before 2020. But if an-
other decade of research proves ir-

s ; all. il 1
Canadarm?2 grapples the Leonardo MPLM from

Discovery’s payload bay for relocation to a port
on the Harmony node of the ISS.

relevant to improving life here, or is
incapable of vaulting humans into
deep space, then the space station
will likely be NASA’s last large ven-
ture into human spaceflight.

The NASA of the 1960s had
Apollo. Today’s agency has the inter-
national space station, and can make
the ISS an indispensable waypoint in
the economic development and sci-
entific exploration of space. It can
provide engineers, scientists, and
managers the experience needed to
project a human presence beyond
LEO, to the nearby asteroids, to the
lunar surface, and eventually to Mars.

But before it can reach beyond
LEO, NASA must deliver on the sta-
tion’s promise. From its ambitious in-
ception through its tumultuous de-
velopment, the ISS has demanded
much treasure, and more than two
decades of dedication and personal
sacrifice from the designers, opera-
tors, and crews who built it and
made it their home. The station to-
day is a monument to successful en-
gineering, and a triumph of interna-
tional collaboration. Matching that
achievement with scientific excel-
lence and practical results will de-
mand the same intensity of purpose.

Tom Jones
SkywalkingT@gmail.com
www.AstronautTomJones.com
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A global safe haven, for now

AIRCR AFT SURVIVED THE WORLD ECO-
nomic crisis in better shape than any
other industry. In 2009, the industry
actually grew by 7%. In 2010, deliver-
ies fell by 4.4%, but all told this is
arguably the only industry in the
world to finish 2010 delivering more
product than when the crisis began
in 2008.

With the world economy recover-
ing but still experiencing relatively
slow growth, the aircraft industry of-
fers a unique combination of safety
and long-term growth. However, it
still suffers from patches of weak-
ness, and there are risks moving for-
ward in several key market segments.

The jetliner miracle
Today, two years through the great
recession, jetliners remain the single
brightest spot of the commercial econ-
omy. Production continues to rise at
both prime manufacturers. Orders in
2010 look set to match deliveries, and
the backlog remains above 6,500 air-
craft for Airbus and Boeing alone.

Boeing jets represent nearly 2% of all
U.S. exports.

The primary reasons for this phe-
nomenal performance in the face of
broader economic pain are strong
emerging market demand and persis-
tently high fuel prices, which make
newer equipment more desirable.
Government support has played a
key role as well. This has taken the
form of export credit finance, as well
as increased demand from govern-
ment-owned airlines. Government-
owned institutions such as sovereign
wealth funds play an increasing role
in jet finance as well.

Another important factor behind
the strong jetliner sales and produc-
tion is a growing appreciation for
them as financial assets. The most
common aircraft, Airbus’s A320 and
A330 and Boeing’s 737-800 and 777-
300ER, for example, are quite appeal-
ing to investors.

Of course, two defining character-
istics of today’s slack economy are a
lack of good investment opportuni-

ties coupled with a strong

for investors.

The popular A330 and Boeing 777 are appealing choices

dislike of risk. The result
has been very strong, al-
most excessive demand for
safe assets such as U.S.
government debt. Jetliners
fall under this category,
too. Lessors have success-
fully attracted funds from
investors looking for safe
places to put their cash,
such as popular current-
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generation jets. Through
November, 145 of Airbus’s
369 orders for 2010 came
from lessors. Of Boeing’s
480 orders, 152 are from
lessors.

In short, we could be
seeing a very high level of
jetliner output because
people with money have

no better places to invest it. If invest-
ment opportunities elsewhere return
with renewed global growth, and if
the cost of capital increases with bet-
ter times, the current fashion for jet-
liner investment might diminish.

Still, on the strength of the back-
log and market fundamentals, we see
very little risk of jetliner market soft-
ness in the next few years. While we
do see a 3.8% drop in deliveries in
2010, this is due to three highly pro-
gram-specific matters. For one, be-
cause of delays with the 747-8, this
will be the first year since 1969 to
not see any 747 deliveries. Second,
Boeing had announced a 777 rate
cut, but this will rise again in 2011.
And finally, Airbus’s A340-500/600
looks set to end production after a
relatively brief and unpopular career.
Every other jetliner program will en-
joy equal or greater numbers com-
pared with 2009 output.

Bizjet bifurcation continues
The second half of 2010 provided
confirmation of a key structural change
in the business jet market. The mas-

e Global 8000 is a growth version the
solid Bombardier Global Express line of
business jets.




sive bifurcation between the two
halves of the business jet industry
continues to transform the market’s
structure, and has inflicted consider-
able pain on several key players.

Historically, the business jet mar-
ket could be split in half by value.
The top half consists of jets costing
$25 million and more (in 2010 dol-
lars). The bottom half consists of jets
costing less than $25 million. In
2009, the bottom half fell by 42.8%,
while the top half fell by just 4.1%. In
2010, the top half fell an additional
7%, but the bottom half fell an addi-
tional 17.8%, bringing it down to
about 60% off its 2008 deliveries
peak. This represents the worst de-
cline of any aerospace market in the
present downturn. It was worse than
the decline suffered by the majority
of world economic markets.

Two years into this downturn, it is
clear that the market continues to fa-
vor top-end aircraft. Pricing in this
segment has generally held up better
than in the lower and middle seg-

The Gulfstream order book is looking better
now than it has since the downturn on 2008.

ments. Anecdotal in-
formation points con-
sistently to a generally
healthier sales out-
look for the top-half
jets. High-end jet utili-
zation (defined by the
FAA as long-range
jets) held up better in
2009 than for smaller
jets, falling by just
15%, compared with
19% and 20% for the
short- and medium-
range jets respectively.
Used aircraft availability numbers re-
flect this as well. As of October, just
10.1% of heavy jets were up for sale,
compared with 14.5% for medium
jets and 16.6% for light ones.

The two key players in the bottom
half, Cessna and Hawker Beechcraft,
have suffered grievous losses. They
have seen their businesses drop pre-
cipitously. In the interim, a powerful
new competitor, Embraer, has en-
tered their segment, aiming at taking
market share at the very moment that
the legacy players can least afford to
fight back.

Both Cessna and Hawker continue
to cut products and employees. Al-
though macroeconomic indicators
such as corporate profits look strong
enough to imply an upturn in 2012,
there is every likelihood that 2011
will represent a third year of pain.

Meanwhile, the companies at the
top of the market continue to enjoy a
reasonable level of prosperity, and
are aggressively pushing
ahead with new product

COMPOUND ANNUAL GROWTH RATE

development. According

2010-2015 to Gulfstream, the com-

Market 2008-2009 2009-2010 (Forecast) pany booked more or-
ders in the third quarter

Large jetliners 13.5% -3.5% 2.4% of 2010 than in any
Business aircraft 243 -14.2 7.2 quarter since the down-
Regionals -5.7 217 46 turn started in mid-
Civil rotorcraft -12.5 -18.4 7.9 2008. In November, the
Military rotorcraft 32.0 10.5 3.8 company said it would
Fighters 20.5 6.6 3.2 spend $500 million on
Military transports 15.5 -2.0 3.8 plant expansion and
Total 7.0% -4.4% 3.6% add 1,000 jobs in its Sa-

vannah, Georgia, facility

The Tornado fleet may be retired much faster than expected.

to meet a growing market for large-
cabin aircraft. Similarly, its rival
Bombardier announced in October
that it was launching its Global 7000
and 8000 growth versions of its high
end Global Express product line.

Clearly, the bifurcation of the
business jet market looks set to in-
duce a notable structural change.
What was once the top half of the
market by value will from now on be
the top 60-65%.

Defense: Collapse or plateau?
The U.S. and Europe are currently
preoccupied with defense cuts. The
massive increase in government debt
and budget deficits has emboldened
fiscal hawks on both sides of the At-
lantic. Yet as with many other aspects
of the government spending debate,
Europe is actually acting on budget
cuts, and the U.S. is not.

Despite the fear and hype, the
FY11 U.S. defense budget is at a rec-
ord level, and the cash provided by
this will be trickling through the de-
fense industrial base through 2012
and 2013. There have been no major
program cuts, aside from the long-
awaited termination of the Lockheed
Martin F-22 and the VH-71 presiden-
tial helicopter. While a downturn in
combat operations in Iraq will re-
duce the weapons support budget,
there is little likelihood of a serious
cut in weapons procurement for the
next few years, at least.

However, it is notable that voices
in favor of some limited defense cuts
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can now be heard on both sides of
the political aisle. Even Republicans
like Sen. John McCain are talking
about the need to reduce defense
spending. However, any discussion of
specific cuts is hard to find.

One exception, however, is the
Simpson-Bowles Fiscal Commission.
This bipartisan deficit reduction study
group has recommended a number
of cuts throughout the federal bud-
get, but two aircraft in particular
have been singled out for attention.
If the commission’s proposals are ac-
cepted, V-22 Osprey procurement will
end in a few years at 288 aircraft.
F-35A procurement will be slashed,
while the F-35B short takeoff and
vertical landing version of the JSF
will be canceled outright.

Yet even if these programs’ many
champions lose the fight, the com-
mission is still recommending pro-
curement of legacy systems as an al-
ternative. Even if the V-22 and F-35
were cut, the Sikorsky MH-60s, Boe-
ing F/A-18E/Fs and Lockheed Martin
F-16s would gain.

In the interim, European govern-
ments have been far more aggressive
in cutting their already truncated
weapons programs. This is largely
due to the more pressing nature of

In the U.S. defense segment, procurement of
the V-22 Osprey may end early; however, this
could be good news for the MH-60.

- iy
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the eurozone crisis. The U.S. faces
long-term challenges, but many euro-
zone countries are feeling pressured
to cut their deficits immediately.

One problem with the European
defense spending trends is that they
fund systems today, but they jeopar-
dize the future with very severe cuts.
The best example of this is the U.K.
RAF’s fighter plans. The Ministry of
Defence is now short £20 billion to
pay for equipment over the decade.
The RAF will still take delivery of
Eurofighter Tranche 2s and 3As be-
cause those aircraft are under con-
tract. But the legacy fleet of Tornados
will likely be retired much faster
than originally expected, and Euro-
fighter Tranche 3B will be cancelled.
With this plan, the Eurofighter pro-
gram will wind down in 2015/2016.

In all, in a few years we will see a
day of reckoning for European mili-
tary aircraft contractors. Unless some-
thing changes in its home markets, or
unless it wins the key India medium
multirole combat aircraft (MMRCA)
competition, the last Eurofighter will
be delivered in about five years. Ra-
fale might make it to 2019. The last
Gripen might be delivered in the
next year or two. The last European
military plane of any note might be
the A400M military transport, assum-
ing it survives the budget cuts.

This budget-cutting strategy also
jeopardizes Europe’s standing
in the export market. If the
home market retires airplanes, it
does not develop upgrade and
support packages for them. This
basically puts export customers
on notice: They might be buy-
ing a plane that turns into an
orphan faster than expected.
And killing the line means the
time available to search for ex-
port customers is running away
fast.

With the U.S. market flat or
declining and European com-
panies hobbled by weak home
markets, U.S. defense primes
are starting to focus on interna-
tional customers. With a combi-
nation of faster economic
growth rates, high resource
prices that help grow govern-
ment budgets, and ongoing

geopolitical tension, key markets in
the Mideast and Asia look set to place
record orders for U.S. and European
equipment.

A good example of this is the re-
cent Saudi arms package, worth about
$60 billion. It includes the largest
single export fighter buy of the past
30 years, covering 84 Boeing F-15s.
The India market is also ramping up.
In addition to the MMRCA competi-
tion covering another record fighter
buy (126 planes), in November India
signed for 10 Boeing C-17 airlifters.
This means the C-17 has joined the
F-15 and F-16 as military aircraft pro-
grams that are being kept alive en-
tirely through export contracts, a tes-
tament to the strength of international
markets and the global market stand-
ing of U.S. contractors.

The best part of the defense mar-
ket has been the rotorcraft segment.
While the civil side of the business
fell by 12.5% in 2009 and another
18.4% in 2010, the military side has
grown by over 40% since 2008. This
is primarily due to worn out fleets
that need replacement and the com-
bined impact of several key pro-
grams ramping up to full production.

Also, helicopters are one of the
only tools of war with broad utility
in all three major military applica-
tions: traditional warfighting, coun-
terinsurgency, and nationbuilding/
peacekeeping. And despite the civil
dropoff, in the mid and long term,
civil helicopter sales will be boosted
by emerging market demand. Sales
to China and India have been ex-
tremely strong in recent years, help-
ing to double the civil market’s value
between 2004 and 2008.

In all, the outlook for both the
civil and military aircraft industry is
quite strong, despite some areas of
weakness and risk. Our forecast for
the next five years is for a total mar-
ket expansion at a 3.6% compound
annual growth rate (CAGR). This is
somewhat weaker than the 7.5%
CAGR expansion enjoyed by the in-
dustry in 2003-2009. Then again, the
industry avoided any kind of serious
cyclical downturn during the worst
economic recession since WW IL

Richard Aboulafia
Teal Group
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RF electronic warfare:
From cold war to network invasion

Surprisingly, the highest growth rates
in defense electronics over the next
decade will be in electronic warfare
(EW). In a major turnaround from the
past two decades, EW will offer many
of the best opportunities for both
market growth and value.

This is perhaps not so strange
when the U.S. again faces real threats
and real casualties; as in the Vietnam
War, funding has turned to EW. Intel-
ligence, protection, and connected-
ness will grow faster than direct
shooter electronics over the next 10
years. Some post-cold-war needs are
only now being addressed, with sev-
eral new programs aimed at the up-
grade or replacement of legacy ana-
log systems. One specific area of
growth is radio frequency (RF) EW.
(The discussion below does not focus
on Joint Strike Fighter systems, which
were covered in an earlier column.)

Radar systems add PLAID

Radar warning receivers (RWRs) have
been a vital component of the com-
bat aircraft EW suite since WW II,
especially for fighters and fighter-
bombers, which must detect and
counter multiple ground and air radar
as well as radar-guided missile
threats. RWRs have been mounted on

nearly every modern fighter in recent
decades. Because of this long legacy,
today’s fighters often still serve with
systems procured during the cold
war. Some of these older systems are
approaching the end of their useful
service lives, and the RWR market
over the next decade should see re-
placement of many of these analog
systems with new or upgraded digital
RWRs. The Navy has been buying the
Raytheon AN/ALR-67(V)3 for Super
Hornets for a decade, but thousands
of RWRs still in service in the Air
Force and Army are 20 or more years

ELECTRONIC ATTACK (AN/ALQ-)

RDT&E+
Procurement Legacy EA-6Band ALQ-211 FMS Other

(FY10 $ Millions) FtrEA EA-18G NGJ 173 EA NewEA $Total
FY10 $548 $609 $118 $216 $4 $67 $1,562
FY11 475 634 120 266 12 94 1,601
FY12 440 584 120 321 112 122 1,699
FY13 428 342 122 328 210 163 1,593
FY14 437 96 116 353 216 231 1,449
FY15 440 180 118 220 226 270 1,454
FY16 354 190 102 216 180 271 1,313
FY17 336 194 114 216 156 278 1,294
FY18 359 114 128 220 142 284 1,247
FY19 360 90 132 196 138 292 1,208
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old and will need replacing.

Northrop Grumman’s (formerly
Litton’s) ALR-69(V) is a standard ana-
log Air Force RWR that first entered
production in 1978. It detects threat
radars, processes the detected sig-
nals, and provides the operator with
range and azimuth information. Al-
most 2,000 ALR-69s were procured
for F-16 fighters.

In August 2001, Raytheon won an
Air Force contract to integrate preci-
sion location and identification
(PLAID) system capabilities into the
ALR-69, now known as the ALR-
69A(V). PLAID improves aircrew situ-
ational awareness by providing more
accurate ground emitter location and
unambiguous identification. Threat
radar systems can disrupt opera-
tional missions even without firing,
by requiring aircrew reactions that
affect mission objectives.

PLAID’s improved threat informa-
tion allows aircrews to determine
threat range/directions and to pro-
vide option responses short of mis-
sion abort or violent aircraft maneu-
vering, such as rerouting around
hostile areas. Thus, PLAID adds a
SIGINT (signals intelligence) capabil-



ity to earlier RWRs. Low-rate initial
production (LRIP) was awarded in
October 2007, and the Air Force
planned a major production run for
the four-engine C-130 Hercules trans-
port. However, the May 2009 FY10
budget put production on hold,
funding only 26 LRIP systems.

The Air Force’s other legacy ana-
log RWR is BAE Systems’ ALR-56(V),
originally designed for the F-15 Eagle
fighter. Development of the current
F-15 ALR-56C began in 1981. A mod-
ernized and miniaturized version,
the ALR-50M, began development in
1988 (still cold war, still analog, still
a primary in-service system today) to
serve on later F-16C/D fighters and
some C-130 transports. Nearly 3,000
ALR-56 systems have been produced
for all platforms.

Funding fate of upgrades

In mid-2009, the Air Force finally had
tentative plans (or, at least, hopes) to
replace or upgrade the old ALR-69s
and -56s on its F-15s, F-16s, A-10s,
and C-130s, with the possibility of
beginning procurement to put digital
PLAID ALR-69As on F-16s in FY12.
They also expected to upgrade the
ALR-56Cs on F-15Es and older F-15Cs
with digital components. BAE Sys-
tems reportedly had a study contract
for an “LRU-3+" upgrade to the ALR-
56C that would insert a digital re-
ceiver derived from the JSF EW suite.

But by early this year there was
no significant funding in the FY11
budget. In mid-2010, the service still
hoped to replace the ALR-69, but
Col. Joseph Skaja of the Air Combat

The AN/ALQ-99 is at the core of the Prowler.

Command said, “that one is probably
going to fall by the wayside because
of [lack of] funding.”

Still, with thousands of legacy
fighters to remain in service for de-
cades, it is only a matter of time be-
fore substantial digital upgrades are
funded. Teal Group has added spec-
ulative USAF digital RWR replace-
ment/upgrade funding forecast lines
for thousands of ALR-56s and -69s. Tt
is not certain when this market will
break, or who will lead it, but it will
happen this decade.

For the Army and other custom-
ers, about 10,000 Northrop Grum-
man (formerly Litton) AN/APR-39
RWRs have been produced over the
past 30 years. New APR-39 contracts
continue, especially for international
helicopter buys, and about 3,000 sys-
tems were still in Army service in
early 2009. But Apache pilots had
“lost confidence” in the APR-39 even
in 1999 in Kosovo. As an interim up-
grade, the Army awarded Phase 1
development funding to Northrop
Grumman in FY05, focusing on pro-
cessor upgrades, with a full-rate pro-
duction decision awarded in the
third quarter of FY08. But Phase I
procurement funding dropped off
substantially after FY09.

Phase 2 of the APR-39 upgrade/
replacement is to develop an im-
proved Army digital RWR for mod-
ernized platforms. In mid-2008, Army
officials spoke of funding for the
program starting “in a couple of
years,” and the FY10 budget release
in May 2009 showed system design
and development beginning in FY13,
preceded by low
levels of “prototyp-
ing” funds. In Feb-
ruary, the FY11
budget showed de-
velopment funding
beginning in FY11
and ramping up to
$22 million annu-
ally by FY13. This
should become a
major program
worth hundreds of

millions of dollars, but as with USAF
digital RWR funding, the schedule
could move either right or left.

Prowlers and Growlers
Electronic attack systems, once called
electronic countermeasures or radar
jammers, are another near-universal
fit on U.S. and international combat
aircraft. EA has had much higher
funding recently, and there are many
new programs. Capabilities have been
added beyond traditional air defense
missions—Prowlers and Growlers to-
day can target improvised explosive
devices with energy beams to prema-
turely detonate or disable bombs, or
they can generate “cones of silence”
to prevent enemy electronics com-
munications within tactical areas.

The Air Force gave up its own
dedicated EA aircraft, the EF-111A
Raven, in the mid-1990s. Since then
the ongoing EA behemoth has been
the Navy’s EA-6B Prowler, providing
dedicated combat EA for the USAF,
Navy, and Marine Corps. At the core
of the Prowler is Northrop Grum-
man’s AN/ALQ-99(V) airborne noise
jammer system, carried in three to
five externally mounted pods. The
current version of the system in ser-
vice throughout most of the Prowler
fleet is the Improved Capability-II
(ICAP-ID. The Navy and the Marine
Corps currently operate about 111
EA-6Bs, with 90 available or de-
ployed at any one time. However, all
the Navy’s Prowlers are due to be re-
tired by FY14, and all the Marine
Corps’ by 2019.

A recent upgrade for a limited
number of Prowlers is ICAP-III, a
complete receiver and sensor update
of the ICAP-II. It includes Northrop’s
AN/ALQ-218(V) digital wideband re-
ceiver system, reliability improve-
ments, and upgraded computers, dis-
plays, and communications. ICAP-III
allows selective-reactive “surgical”
jamming, focusing energy on multi-
ple, specific radar or communications
frequencies. ICAP-II jams across
larger bandwidths, dispersing jam-
ming power. According to the com-
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Electronics Update
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pany, “The ALQ-218 utilizes a unique
combination of short, medium, and
long baseline interferometer tech-
niques with a patented passive rang-
ing algorithm to provide geolocation
of emitters for cueing jammers and
other onboard sensors.”

The Marines received the first of
their ICAP-IIT upgraded Prowlers last
May and will also get the 16 earlier
Navy ICAP-IIIs, for a total of 32.

In June 2008 the Navy received
the first EW jammer/SEAD (suppres-
sion of enemy air defense) version of
the F/A-18F Super Hornet, the EA-
18G Growler. It mounts the same
ALQ-99 system (three pods) as the
ICAP-III EA-6B, but also uses the Su-
per Hornet’s active electronically
scanned array AN/APG-79(V) radar
for broadband noise and reactive
jamming. It has a “Wild Weasel” abil-
ity to attack nonemitting targets.
Early this year the Pentagon added
funding to Growler procurement
($203 million in 2011 and $2.3 billion
in 2012 for 26 more aircraft), and the
Navy will now likely buy at least 98
Growlers, with limited international
sales also likely.

Funding began in FY09 for devel-
opment of the next generation jam-

mer (NGJ), intended to replace (or
possibly upgrade) the ALQ-99 on the
Growler in the 2015-2020 time frame.
In addition, a new NG]J could be pro-
cured by the Marines for mounting
on the JSF or a UAV, which would
then replace USMC Prowlers when
they are retired from 2018 to 2020.

New capabilities such as computer
invasion and network attack (using
an electronic beam with “malicious
algorithms”) are planned, to pene-
trate integrated command and con-
trol networks. “Every antenna is a
target,” says Northrop Grumman.

In September 2009, the Navy is-
sued the final NGJ broad agency an-
nouncement for up to four competi-
tive technology maturation contracts
it planned to award, to develop de-
tailed engineering and programmatic
plans for key technology demonstra-
tions. These contracts will be worth
$15 million-$30 million each, with a
10-14-month duration.

The Navy leads the program and
is taking a creative approach to capa-
bilities, leaving them up to potential
contractors, with no set specifica-
tions. Of course, this philosophy is
likely to end up with yet another
long and expensive RDT&E process
and no production systems. Leading
the current teams are ITT/Boeing,
Northrop Grumman, BAE Systems,
and Raytheon.

The Air Force has also been work-
ing on EA ideas, but much funding
and effort has been concentrated on
the JSF. In 2009, Col. Bob Schwarze,
the departing USAF chief of EW and
cyber warfare requirements on the
Air Staff, said the Air Force, which

had thousands of cold-

RADAR WARNING RECEIVERS (AN/ALR-)

war-era jammers,
planned to buy 400 digi-

RDT&E+ USAF  Army Other tal RF memory-upgraded
Procurement Legacy ALR-67 Digital Digital New AN/ALQ-131(V) pods
(FY10 $Millions) RWR (V)3 RWR RWR RWR Total from NOfthI‘Op Grumman
oSS 0SS i 690 milion i
FY12 313712620037 eoe” L Y10-FY15 funds. How-
FY13 245 108 1962236 eoy  cver in the FY1I budget,
FY14 233 116 222 26 39 636 no procurement funding
FY15 225 108 222 35 40 630  was scheduled.

FY16 207 92 226 52 46 623 The Air Force also has
FY17 160 62 186 56 4751 ideas for developing a
FY18 1317740120766 497 406°  “cognitive jammer,” hav-
FY19 118 36 172 64 52 442

ing solicited proposals at
midyear for a new gen-
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eration of EA systems capable of
adapting to agile threats that rely on
new dynamic RF spectra. Initial ef-
forts will focus on algorithm devel-
opment and a prototype system, but
this will likely remain a development
program.

International trends
Outside the U.S., on the other hand,
nations that are not waiting for JSF
need to pay more serious attention to
upgrading or replacing legacy EA.
Teal Group thus expects a large and
varied foreign military sales (FMS)
EA/jammer market. The FMS F-16
market, especially, could be good for
several hundred new systems over
our forecast period.

ITT’s lightweight, inexpensive
Army AN/ALQ-211(V)-derived AN/
ALQ-173(V) AIDEWS (advanced inte-
grated defense electronics warfare
system) has earned several FMS con-
tracts, with Chile, Poland, and Oman
choosing AIDEWS for new F-16s in
2002 and 2003. Pakistan added an
order in 2007, and Turkey followed
in February 2009. Since Turkey’s can-
cellation of the development of BAE
Systems’ AN/ALQ-178(V)5+ there are
now two primary competitors for
FAMS F-16 jammers: AIDEWS and
Raytheon’s AN/ALQ-187(V).

Though AIDEWS has earned more
recent contracts, Raytheon’s advanced
countermeasures electronic system
(ACES)—including the new AN/ALQ-
187(V)2)—was sold to Morocco in
November 2008, and Lockheed Mar-
tin chose ACES for its Indian F-16IN
bid in early 2009.

With a fairly equal competition,
we have chosen to break out a com-
petitive undetermined forecast for fu-
ture FMS jammers, including new-
build and upgraded F-16s, as well as
possibilities for other aircraft (and
other EA systems). For example, in
October 2008 Boeing chose BAE Sys-
tems to develop a Digital Electronic
Warfare Suite for international F-15
users, in particular Saudi Arabia and
Japan, leveraging technologies and
common modules developed for
BAE’s F-22 and JSF EW suites.

David L. Rockwell
Teal Group
drockwell@tealgroup.com
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Curiosity, NASA’s $2.3-billion Mars
Science Laboratory (MSL) rover, is
ready to push the bounds of sci-
ence and technology in a search for clues
to life on Mars. Although Curiosity cannot
detect biological activity, it is designed to
find specific geologic and carbon-based
evidence relevant to past life. The 2,000-
Ib vehicle features a maze of sample flow
paths, mini-laboratories, and instruments
developed by the U.S., Europe, Russia,
and Canada.

By June, the MSL spacecraft is to be
shipped from Pasadena, California, to Cape
Canaveral, Florida, on board an Air Force
C-17. Scheduled for launch on an Atlas V
rocket this November, Curiosity will lead
NASA toward the future after the final
shuttle mission recalls U.S. space glories
of the past. MSL is targeted to land on
Mars in August 2012.

The most complex spacecraft ever de-

veloped by JPL, MSL is so vital to the
search for Martian life—and to NASA’s fal-

tering exploration strategy—that Congress
voted to continue the program even with
a 60% cost increase and a two-year launch
delay to 2011. Part of the delay resulted
from disappointing motor and actuator
tests conducted at temperatures from -70 F
to -90 F, similar to the levels Curiosity will
experience on the coldest winter nights.

Pete Theisinger, MSL project manager,
says that some of MSLUs difficulties have
also revealed strategically important prob-
lems with U.S. aerospace components. Al-
though declining to be specific, he notes,
“There are weaknesses in the U.S. space
technology parts and supply community
that have surprised us at JPL.”

Curiosity is over five times heavier
than either Spirit or Opportunity, the Mars
exploration rovers (MERs) that made air-
bag landings in 2004. MSL’s sky crane sys-
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In searching for clues to life in Martian rocks and clay, NASA’s
Curiosity rover will also give the space program new life.
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tem will enable Curiosity to carry at least
165 1b of science instruments, compared
with less than 20 Ib of science hardware
on Spirit and Opportunity.

Shortly after Curiosity begins to rove,
a Russian robotic spacecraft will attempt
to land on the Martian moon Phobos. Part
of the lander is to return to Earth in 2014
with a sample of Phobos material that
could be rich in Mars dust. This would be
a huge achievement that might accelerate
plans for manned Phobos missions.

During this first-ever round trip be-
tween Earth and Mars, the Russian space-
craft will also deploy a 250-Ib Chinese
Mars orbiter. China says that in about 2013
it will conduct its own launch of a heavier
Mars orbiter that it is now developing.

Technology
Two major technological firsts will enable
MSL to do more than previous rovers and

g
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aid the design of future Mars landers too
heavy for airbags. One is sky crane, a land-
ing system that will function like an Army
helicopter lowering a vehicle to the sur-
face of, in this case, another planet.

The other first is called active guid-
ance with aerodynamic lift, a combination
that will allow MSL to fly—rather than just
fall—through the Martian atmosphere. No
previous Mars mission has used a maneu-
vering, fully guided lifting aeroshell for
precise landing capability.

“It is difficult to overstate what a ma-
jor step forward this is beyond the earlier
MERs,” says Theisinger, who also led JPL
development of Spirit and Opportunity.
“MSL is not your father’s Mars rover,” he
says. “We clearly underestimated the size
and scope of MSL.”

But a potential problem lies within the
plutonium-fueled radioisotope thermoelec-
tric generator (RTG) that will power Curi-

Engineers installed six new wheels
on the Curiosity rover and rotated
all six at once on July 9, 2010.

This milestone marked the first in a
series of “tuneups” to get the rover
ready for a drive in the clean room
at JPL, where it is being assembled.
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MSL mockup sits with the Mars
exploration rover and Sojourner
rover at the Jet Propulsion
Laboratory.

osity. There is concern that the critical
thermocouple device in the RTG that con-
verts heat to electricity may be degrading
ahead of its specification life, says John
Grotzinger, MSL program scientist.

The newly designed Boeing/Dept. of
Energy multimission RTG has proven de-
sign and hardening features to prevent dis-
persal of any plutonium dust in the event
of an Atlas V launch accident. Just in case,
however, the DOE will position more than
a dozen mobile emergency field teams
around Cape Canaveral for the launch. If
an accident occurs, the teams will imme-
diately check for any release of plutonium
238 or radiation.

What’s new and different
There are several key differences between
Curiosity and its MER predecessors:
«Ballast to leverage angle of attack.
The MSL aeroshell will eject eight blocks
of ballast, together weighing 660 b, to
maintain a proper angle of attack during
different phases of the landing. The bal-
last alone weighs 250 lb, more than the
Spirit and Opportunity rovers.
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*Wheels and speed. Curiosity will use
six 50-cm-diam. wheels, compared with
the 20-cm-diam. wheels on the MERs. The
larger wheels will provide a 20% increase
in maximum speed to 6 cm/sec.

eMission duration. The formal MSL
mission specification is for two Earth
years of lifetime while driving 10 mi. or
more. The MER specification called for 90
days and about 900 ft of driving, which
both rovers blew away following their Jan-
uary 2004 landings. Spirit remains silent
after having become stuck in mid-2009
following 5 mi. of mountain exploration,
while Opportunity is ready to begin its
eighth year and has passed 15 mi. on its
odometer.

«Size. Curiosity is 9 ft long, 8.8 ft wide,
and 7.2 ft tall; the MERs are 5.2 ft long, 7.5
ft wide, and 49 ft tall.

«Computer power. Curiosity’s computer
is substantially more powerful, says Mark
W. Maimone, a lead computer and robotics
engineer for the MSL and MER. He says
MSLs computer is a BAE Systems Rad 750
whose overall integration was done at JPL.
Its central processing unit is five times



faster than either of the MER CPUs.

Curiosity can perform runs at 100 MHz/
sec, compared with 20 MHz/sec for the
MERs. By contrast, a low-end home com-
puter will have 2 GHz of power but is not
radiation hardened, an upgrade that can
take years of testing and certification.

More computer power will enable ro-
botic roving to proceed faster with fewer
mistakes. MSL will have the same basic
capabilities as the MERs, such as hazard
avoidance, the ability to circle a rock, ter-
rain assessment, visual odometry, and au-
tonomous arm functioning.

«Arm operations. The extra computer
power will enable far more robotic arm op-
erations, which will be substantially more
demanding on MSL. Another difference is
that for MSL, unlike for the MERs, the
team will not have to write a sequence of
hundreds and hundreds of lines of soft-
ware for these daily operations.

“With MSL we will have those kinds of
sequences, developed here at JPL, already
on board the rover,” says Chris Leger, ro-
botic arm flight software developer and
the surface software development lead for
the MSL flight.

“In terms of mass and strength, the 7.5-
ft MSL arm is much beefier and much
stronger than the 3-ft MER arm,” says Matt
Robinson, lead engineer for robotic arm
systems. “Just the turret on the MSL arm
weighs more than the whole arm elec-
tronics and science on the smaller MER
rovers,” he notes.

“We have a whole different style of mo-
tions with the MSL arm, because we use a
lot more ‘gravity-relevant’ motions to move
samples where we want them to fall inside
the mechanisms,” adds Leger. “When we
do sample processing you will see the tur-
ret spin around to do different sample ori-
entations, while other actuators are creat-
ing vibrations to move the sample along.”

Searching and sampling
The arm uses a percussion device to
break rock into powder that can be moved
to the rovers’ mini-labs. “There are at least
50-100 different arm motions to get the
samples out of the drill and over to the
instruments,” says Leger.

The rover will explore a once water-
rich region in search of the carbon-based
building-blocks of life. It will also sample
Martian geology up to 10-20 mi. from the
landing site and generate broader data to
determine if habitable conditions ever ex-

isted during the Martian
eons.

The rover’s labs
should be able to assess
rock and soil to obtain
key data, such as how
much life-giving oxygen
has come and gone in the
Martian atmosphere over
the past 4 billon years.

More than any other
planetary mission in his-
tory, MSL will benefit
from extremely detailed collaboration
with other NASA and ESA missions orbit-
ing Mars.

MSL's operations on the Martian sur-
face will be more like a military campaign
on Earth where reconnaissance satellites
provide all manner of data before ground
forces—in this case Curiosity—move in.

ESA’s Mars Express and NASA’s Mars
Reconnaissance Orbiter have taken very
high-resolution imagery, while the Mars
Odyssey has helped trace the presence of
water. They will also relay data to Earth
from Curiosity, just as they continue to do
for Opportunity and will do for Spirit, if it
awakens from a power-starved winter.

The Wright approach
MSLs descent to the Martian surface will
come 109 years after the Wright brothers
made fundamental discoveries about aero-
dynamic lift, angle of attack, and active
control. Those principles will now be dem-
onstrated for the first time in the Martian
atmosphere. MSL will use Apollo command
module reentry algorithms and also roll re-

Curiosity’s 7.5-ft robotic arm,
which will use a percussion
device to break rock into
powder, is much stronger
than the 3-ft MER arms.

The ChemCam instrument uses a
pulsed laser beam to vaporize a
pinhead-size target, producing
a flash of light from the ionized
material (plasma) that can be
analyzed to identify chemical
elements in the target. Here a
ball of luminous plasma erupts
from the surface of an iron
pyrite crystal in the sample
chamber approximately 3 m
from the instrument. The laser
beam itself is invisible. Credit:
NASA/JPL-Caltech/LANL.
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The finished heat shield for the
MSL, with a diameter of 4.5 m,
is the largest ever built for
descending through the
atmosphere of any planet.
Lockheed Martin Space Systems
Denver built and tested the heat

shield. Credit: Patrick H. Corkery.

Courtesy Lockheed Martin.

versals, just like the space shuttle, to alter
its lift vector during reentry.

Active guidance of a lift-generating ve-
hicle and the sky crane will deliver the
MSL rover to within a circular target area
just 7.7 mi. in diameter. This compares
with Pathfinder and MER unguided en-
tries that targeted a 50 x 6-mi. ellipse. The
1976 Viking landers used a “full lift up”
but unguided aeroshell that required a
much larger landing footprint measuring
175 x 62 mi.

The MSLs entry into the Martian at-
mosphere at nearly 13,000 mph will use
the largest aeroshell and heat shield ever
flown in space. Curiosity and the Mars sky
crane will be encased in an aeroshell
shaped like an enlarged Apollo command
module. It measures nearly 15 ft across its
heat shield—2 ft larger than an Apollo
command module and 6 ft larger in diam-
eter than the MER and Pathfinder rover
aeroshells.

Because the unique entry trajectory
profile will create external temperatures
of up to 3,800 F, the heat shield uses phe-
nolic impregnated carbon ablator (PICA)
thermal protection tiles. This is in place of
the older Mars heritage SLA (super light-
weight ablator) 561V used in past Mars
landings.
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On its nine-month flight, the aeroshell
with the sky crane rover inside will fly at-
tached to a large solar-array-equipped cir-
cular cruise stage. During cruise the aero-
shell will have a symmetrical mass and will
rotate at 2 rpm. But all that will change
starting 10 min before reentry when the
two 165-1b cruise balance mass weights are
ejected. “During entry into the Martian at-
mosphere, we will fly a symmetrical aero-
shell body but with asymmetric mass,” says
JPU's Adam D. Steltzner, manager of MSL
entry, descent, and landing.

“That will make us fly at a canted an-
gle that will enable the heat shield to de-
velop lift,” Steltzner says. To enable steer-
ing and lift control, the rover computer
will calculate when to fire eight 57-lb-
thrust attitude control jets to roll or bank
the vehicle with the optimal angle of at-
tack for a lift-over-drag ratio of 0.24 at
Mach 24. For the first time in any Mars
landing, the altitude, attitude, and velocity
of the vehicle will be updated continu-
ously in a closed-loop data stream for
real-time maneuvering commands.

Innovative radar
Another key to accuracy and a safe land-
ing will be a new radar configuration
never before flown to Mars. “It has taken
substantially more time to develop, but it
is a superb radar,” says Theisinger.

“We needed good velocity and altim-
etry data relative to the surface of Mars.
When slowing from nearly 13,000 mph it
is tough to get the velocity data correct
down to under feet per sec—and that is
what we need for landing this thing,” says
Steltzner.

“It would be difficult to near-impossi-
ble to land a vehicle like this using just an
inertial measurement unit, so we chose to
develop our own Ka-band six-beam radar.
Recent helicopter tests of this system
turned in excellent results and aided the
MSL team in determining how best to cycle
the antenna selection during the descent.

“We feel great about the radar,” Steltz-
ner continues. “One reason we decided to
build our own is that we struggled in the
past with Phoenix, MER, and Pathfinder
radars when we tried to modify existing
weapons system radars.”

Enter sky crane
With a PICA heat shield, a flying aeroshell
using Apollo-proven math, a tested para-
chute design, and spiffy new radar, the



untested Mars sky crane must work per-
fectly. Here is how that will happen:
«Additional ballast ejection. The first
67 mi. of the entry will be with the vehi-
cle’s mass offset to enable it to generate
lift, to fly, and to maneuver to a point al-
most directly above the landing site. Now
six more pieces of ballast, each weighing
55 b, are ejected at 2-sec intervals to re-
establish a neutral center of gravity. The
ballast separation phase is designated the
“surfer” maneuver (for “straighten up and
fly right”), followed immediately by MSLs
“victory roll” to establish proper attitude.
MSL is ready for its next big event.
eParachute deployment. The aeroshell
hypersonic entry phase will take out 99%
of the kinetic energy imparted by launch
and now by Mars gravity. At 6-mi. altitude
and 1,000 mph, Curiosity will deploy its
Pioneer Aerospace 52.5-ft-diam parachute.
On MSL the chute will be lowering a mass
of 3,400 Ib, including the aeroshell, sky
crane, and 1-ton rover. The MSL chute will
remove 99% of the remaining 1% of ki-
netic energy.
eHeat shield separation. The chute
will slow Curiosity’s descent velocity after
25 min to 358 mph at 4-mi. altitude. At
this point the PICA heat shield, just 1 in.
thick, will be severed, opening the bottom
of the aeroshell to reveal the six-wheeled
rover grasped by the sky crane with an
extended platform holding all six radar an-
tennas. All computations and commands
are being done by the rover’s computer.
eRadar activation. With the heat shield
gone, the sky crane’s radar will be acti-
vated to measure altitude and velocity.
eReal-time imaging. The down-facing
Mars descent imager, developed by Malin
Space Science Systems, will begin taking a
continuous stream of high-resolution im-
ages (up to four per second) to show the
landing from the rover’s perspective.
«Backshell and parachute separation.
Descending through 6,000 ft, the vehicle
will separate its backshell and parachute,
revealing the sky crane and sports-car-
sized rover.

Powered descent
Things begin to happen fast at backshell
and parachute separation, but the first
thing the sky crane and Curiosity do is
nothing. The contraption is programmed
to free-fall for 1 sec to be well clear of the

100-ft-long parachute canopy, risers, and
backshell.

The sky crane has eight Aerojet
675-1b-thrust hydrazine-fueled Mars land-
ing engines (MLEs). Paired on each cor-
ner, all eight MLEs are ignited as the
whole shebang streaks below 5,000 ft. En-
gine ignition will dramatically slow the
descent and gain attitude control for the
fast-approaching Martian touchdown.

Next the vehicle maneuvers laterally
to prevent having the backshell and para-
chute collide in midair or land on top of
each other—the worst of luck 150 million
mi. from Earth. After the lateral maneuver,
the sky crane’s engines will null out mo-
tions in all axes.

The rover computer will then com-
mand the sky crane to fly the vehicle to a
point 656 ft above the spacecraft’s esti-
mate of where the Martian surface is.

Maximum velocity cancellation occurs
at a point that the spacecraft’s computer is
programmed to perceive as a horizontal
plane in the air—200 ft above the surface.
But the computer is being tricked. The
rover team calls the area “the terrain accor-
dion,” which in fact is at least 100 ft farther
above the surface. This is ample space for

An MSL parachute test is
conducted at the Ames/NFAC
80x120 wind tunnel.

Credit: T. Wynne.

The aeroshell is a blunt-nosed
cone that will encapsulate and

protect Curiosity during its

deep space cruise to Mars, and

from the intense heat and

friction that will be generated
as the system descends through

the Martian atmosphere.

Credit: Adam Mattivi, courtesy

Lockheed Martin.
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the sky crane to exercise
its descent capabilities,
but with a plentiful safety
margin.

Rockets blazing, the
sky crane descends, but
slowly—like a Marine
Corps Harrier landing,
though with less noise
because of the super thin
Mars atmosphere. Still
holding Curiosity tightly,
sky crane will begin to
descend at a sedate 7
mph, now on the thrust
of just four engines at about 50% throttle.
This setting gives maximum control.

The scene all around will be of end-
less red terrain. When the two vehicles
descend to about 70 ft, the sky crane will
release the rover on a 25-ft set of lines
called the bridal umbilical device (BUD).
It has three load-bearing lines of woven
nylon wrapped with slackened electrical
umbilical.

The rocket platform (MSL
descent stage) will act as a
sky crane and lower the MSL
rover onto Mar’s surface from
a hover, then fly away to crash
at a safe distance.

Both the rover and sky crane will con-
tinue to drop at 2.5 ft/sec. Halfway down,
Curiosity unfolds its wheels, which had
been tucked in to fit inside the aeroshell.

The rover will drop more rapidly on
the bridal than the sky crane is descend-
ing. Suddenly the rover computer will
sense the sky crane has no load—Curiosity
has been safely deposited on Mars. This
will cue Curiosity to fire a cable cutter to
sever the BUD. It will also cue the sky
crane to begin its flyaway maneuver.
Notes Steltzner, “We love to smartly say
that we do not look for the touchdown
event, but rather perceive the postlanding
state of the vehicle.”

Ry

As MSLs Curiosity rover searches for evi-
dence of life on Mars, it will do more than
seek answers to an endlessly intriguing
question. It will also serve to rejuvenate
NASA’s space program as other nations in-
evitably begin to challenge U.S. leadership
in planetary exploration. A
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Son of Apollo

A new space capsule
takes shape

by Frank Sietzen Jr.
Contributing writer

CCDev, NASA’s effort to stimulate
development of a space transpor-
tation capability in industry, has
emphasized safety, reliability,

and economy. The result is a space
capsule reminiscent of the Apollo
command module of the 1960s and
1970s, geared for short trips to and
from the ISS. And like the Apollo
module, its crew accommodations
will be more spartan than those of

the space shuttle.
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(CCDev) program is the agency’s ef-

fort to seed the development of a
commercial capability for launching cargo
to the ISS. Its aim, says the program’s an-
nouncement, is to “stimulate efforts within
the private sector to develop and demon-
strate safe, reliable, and cost-effective
space transportation capabilities.” The
project manages two COTS (Commercial
Orbital Transportation Services) partner-
ship agreements totaling $500 million for
commercial cargo transportation demon-
stration flights. After a competition, two
U.S. firms, Orbital Sciences and SpaceX,
were selected for the activity.

N ASA’'s Commercial Crew Development

First contracts

In February, through an open competi-
tion, NASA also awarded Space Act Agree-
ments totaling $50 million to five more
firms, toward commercial crew launch de-
velopment. All the crew funds came from
stimulus money provided in the American
Recovery and Reinvestment Act of 2009,
not from the NASA budget. The compa-
nies are Blue Origin in Kent, Washington,;
Boeing in Houston, Texas; Paragon Space
Development in Tucson, Arizona; Sierra in
Louisville, Colorado; and United Launch
Alliance in Centennial, Colorado.

Copyright© 2011 by the American Insfitute of Aeronautics and Astronautics.



The agreements are for the design of
crew-carrying spacecraft and related tech-
nology demonstrations, and investigations
for future commercial support of human
spaceflight. In its announcement NASA
said, “Space Act Agreements will stimulate
efforts within the private sector to de-
velop and demonstrate human spaceflight
capabilities.” Out of the $50 million, Blue
Origin will receive $3.7 million, Boeing
$18 million, Paragon Space Development
$1.4 million, Sierra Nevada $20 million,
and United Launch Alliance $6.7 million.
The project is being managed from NASA
Johnson.

Using the stimulus funds, plus money
received during the earlier CCDev compe-
tition, Boeing chose to accelerate design
and development of a crew capsule it calls
CST-100, for Commercial Space Transport
100 (100 refers to the 100 km from the
ground to LEO). As a partner, Boeing se-
lected Bigelow Aerospace, whose engi-
neers are developing a possible space
tourism destination for the Boeing cap-
sule: a multipassenger space station com-
prised of inflatable modules. The com-
pany is currently testing scale models of
the units in space. Bigelow could provide
its space station to sovereign governments
that cannot afford their own space pro-

gram; this leased space could be used for
scientific research.

Vehicle features

What emerged from Boeing designers is a
capsule shape reminiscent of the Apollo
Command Module flown to the Moon and
to the Skylab space station in the 1960s
and 1970s. The last such capsule was
launched to rendezvous and dock with a
Soyuz space vehicle in July 1975. The
command module’s manufacturer was a
company later acquired by Boeing, Rock-
well International (formerly North Ameri-
can Rockwell). “We have a great deal of
capsule design heritage from Apollo, from
the OSP [orbital spaceplane] program, and
from our work on the Orion program,”
says Keith Reiley, Boeing’s Commercial
Crew Development Program Manager at
the company’s facility in Houston.

The spacecraft as proposed consists
of two parts: a cabin called the crew mod-
ule (CM), and an unpressurized unit be-
neath it called the service module (SM).
The capsule, according to Reiley, is “big-
ger than Apollo and smaller than [today’s]
Orion.” The Apollo command module was
a cone 3.9 m wide at its base. The Orion’s
base is currently 5.02 m wide. The CST-
100’s base is 4.5 m wide, placing it be-
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The CST-100 can accommodate a
crew of up to seven.

tween Apollo and Orion. But
there are major differences with
Orion that make the new space-
craft closer in capability to its
Apollo predecessor.

Limited accommodations,

lower cost
Crew accommodations on Apollo
were limited. It had no waste
management facilities (the astro-
nauts used bags) and no galley
for food preparation. Hot water guns were
used to reconstitute food contained in
plastic pouches. An oven was carried on
only two flights—Apollo 8, to provide as-
tronauts Frank Borman, Jim Lovell, and
Bill Anders a hot Christmas turkey dinner,
and Apollo-Soyuz, to furnish the crew
with hot meals. Orion promises better
waste management facilities than those of
the shuttle, and better galley equipment.
The CST-100 has neither accommodation.
“This is pretty primitive as far as the crew
is concerned, more like Apollo,” says
Reiley. One reason is that the spacecraft is
designed for very brief return flights from
the ISS or Bigelow missions, trips lasting
only a day. Another is to keep develop-
ment and production costs as low as
possible.

The capsule can carry up to seven as-
tronauts arrayed in two tiers of seats. Mis-
sions with smaller crews can fly customer
cargo in place of the empty seats. Win-
dows are arranged so that the commander
and pilot have rendezvous visibility, and
the rest of the crew can see out via for-
ward and side windows. Over a forward
hatch on top of the capsule is a rounded
ascent cover. In the center of the capsule
is a main egress and entry hatch, and ar-
rayed around the base is a series of thrust-
ers. Boeing is using a proprietary ablative
heatshield to cover the base. A parachute
system is stored in mortars located around
the apex, and an airbag landing system is
stored above the heat shield, which is jet-
tisoned during descent. The capsule is de-
signed for a hard-surface landing but can
be recovered in water if necessary.

The small SM consists of a short rec-
tangle whose surface is covered in four
places by radiators, four quads of thrust-
ers, and a thermal shield that covers the
bottom. An umbilical connection is also
attached to the capsule. The most promi-
nent features of the SM are two nozzles,
one extending from each side.
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Feeding the engines is a hypergolic
bipropellant system that also fuels the
thrusters. The engines provide a unique
launch escape system that pressurizes the
engines with 1,000 psia for a high-thrust
firing that “pushes” both the CM and SM
off a malfunctioning booster. The SM is
then jettisoned, and the CM lands by para-
chute. This same engine system is used in
space to maneuver the vehicle to the ren-
dezvous target. Reiley notes the abort sys-
tem can fire during any phase of the as-
cent: “There are no black zones,” he says.

Testing activities
Boeing and Bigelow have conducted a test
and validation risk-reduction program for
the spacecraft to verify vehicle designs
and to identify key technologies that must
be matured before being integrated into
the vehicle.

For simplicity and low cost, the abort
apparatus uses a single pressurization sys-
tem for both abort and on-orbit opera-
tions. Utilizing previous work done on the
Atlas II sustainer engine, Boeing is using
an ablative nozzle technology similar to
that of the Rocketdyne Lance engine. The
demonstration program will test engine
ignition, performance, and combustion
stability using a series of bipropellant fuel
and oxidizer mixtures.

Previously, Boeing had tested a mate-
rial called BLA (Boeing lightweight abla-
tor) on a 5-ft-wide carrier test article. The
test team formed and bonded reinforcing
honeycomb to the heat shield structure,
spreading batches of the BLA onto the
honeycomb test structure in a single ap-
plication. The CCDev testing effort uses a
BLA simulated heat shield cured in an au-
toclave. The shield, which measures 4.2
m, demonstrates a production-ready capa-
bility. The tests will give Boeing engineers
experience in assembly, production, trans-
portation, and pressure testing for heat
shields attached to the base of prospective
CM capsules.

At its Avionics System Integration Fa-
cility in Houston, Boeing is testing pro-
spective avionics software and hardware
in simulated flight conditions. The com-
pany has also conducted tests involving
the aluminum alloy pressure vessel of the
CM to assess how the vehicle handles full
pressure of the cabin in different flight en-
vironments. A full-scale boilerplate mass
simulator has been used to test various el-
ements of the recovery system, including



airbag deployment, multiple descents us-
ing different parachute configurations,
and water recovery stabilization of the
capsule. Bigelow constructed the boiler-
plate model and tested it at the company’s
Aquatic Test Facility in Las Vegas, Nevada.
Also under way are life support air re-
vitalization system demonstrations using
Bigelow assembled components. Demon-
strations of integrated guidance and navi-
gation systems for autonomous rendez-
vous and docking have drawn on previous
Boeing systems developed with DARPA.
The CST-100 is designed to transport
astronauts to 250-n.mi. destinations at
51.6-deg inclinations for ISS missions, and
225 n.mi. at 35-deg inclinations for Big-
elow station missions. The spacecraft can
operate for up to 48 hr of autonomous
free flight but is primarily aimed at a day-
one rendezvous with a day-two backup. It
can remain docked to a station for up to
210 days while drawing less than 1 kW of
trickle power. It will be compliant with
NASA’s human rating requirements.
Boeing is working with potential hu-
man-rated launch vehicle providers to en-
sure compatibility with the CST-100 cap-
sule. This compatibility should enable the
flexibility required to reach the desired
commercial launch price targets.

The markets

Bob Bigelow, founder of Bigelow Aero-
space, told reporters at the Farnborough
Air Show last July that he was proceeding
with expansion of his Nevada facilities to
accommodate more rapid development of
his space station’s inflatable modules. He
displayed his customary confidence, tell-
ing the assembled reporters that his firm
is building a new plant, also in Nevada,
that has no other purpose than “mass pro-
duction” of inflatable habitat modules. He
added that no less than 75% of all the
money he expects to take from customers
leasing space stations and buying seats on
rockets will be passed on to launch pro-
viders like Boeing. “We expect a signifi-
cant Christmas card” from them, he said.
Bigelow has constructed a full-sized
mock-up of the CST crew module to test
the interior layout and external arrange-
ment of grappling attachments and crew
hand-holds for use during Bigelow and
ISS docking.

According to Reiley, Boeing is not
planning for Bigelow to be its primary
launch customer. “Our primary focus is

NASA as our customer,”
he explains, “but we are
working with Bigelow
Aerospace to support
their orbiting space com-
plexes as an expansion of
our market.” Depending
on funding, first test
launches could take place
in three years, with first

commercial crew mis-
sions by 2015.
NASA releases RFI

NASA released an RFI this summer to fur-
ther test industry’s interest in supporting
commercial crews. The purpose was to
gather information that would help the
agency plan an overall strategy for the de-
velopment and demonstration of a com-
mercial crew transport capability and to
receive comments on NASA human-rating
technical requirements currently in the
draft stage.

The agency held a meeting at Head-
quarters in August to review CCDev prog-
ress. Officials said 35 companies had re-
sponded to a May 21 NASA solicitation
seeking input on the commercial crew ini-
tiative. NASA predicts that it could fund
up to four providers if Congress approves
the full $5.8 billion included in President
Obama’s initial budget request.

Funding uncertainties
The NASA authorization mandates a gov-
ernment-developed capsule as well as
funding for commercial crew transport.
Thus it is not readily apparent how the

Pressure testing of the crew

compartment structure anchors
was conducted in September at
the Bigelow Aerospace facility

in Las Vegas.

Boeing is working closely with

Bigelow Aerospace to support
their space structures.
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The Orion capsule was a larger,
more complex structure.

commercial space transportation system
will fare if it competes directly with a
Lockheed Martin Orion derivative. Nor
has NASA announced if it will recompete
the Orion contract as the new “multipur-
pose crew transportation vehicle” called
for in the legislation. The original Orion
CEV for 1SS or Moon missions was de-
signed for launch aboard the Ares I, and
Orion’s weight growth eventually made it
necessary for the spacecraft itself to com-
plete the orbit insertion burn.
Congressional instructions call for a
deep-space vehicle based on the CEV’s
capsule shape but not necessarily of the
same size or complexity as Orion. Boeing
is avoiding the launch vehicle selection
initially by making its vehicle compatible
for launch aboard one of the Atlas, Delta,
or Falcon rockets—a first since the Apollo
command/service module was designed
for launch aboard Saturn T and V boosters.
A smaller, simpler, cheaper Lockheed cap-
sule would seem to be a head-to-head
competitor for Boeing’s new entry.

s s o

On October 25 NASA issued an announce-
ment seeking proposals from U.S. indus-
try to further advance commercial crew
space transportation concepts and mature
the design and development of system el-
ements. Awards will result in funded
Space Act Agreements.

Multiple awards are expected to be
announced by March 2011 for terms of up
to 14 months. A total of approximately
$200 million is expected to be available
for awards, but funding is dependent on
the FY11 appropriations from Congress.

If Boeing and Lockheed—and possibly
SpaceX, with a crewed Dragon—succeed
in bringing their vehicles to market, it
would mark the first time that multiple
production and manufacturing capabilities
for manned spacecraft were in operation.
Keeping the two sets of space capsules—
one commercial and one federal—from
eliminating each other in the new U.S. hu-
man space program may prove as difficult
as building the machines themselves. &
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25 Years Ago, January 1986

Jan. 8 Voyager 2 discovers a new
moon of Jupiter; throughout the
following week it discovers five more,
for a total of 14. NASA, Astronautics
and Aeronautics, 1986-90, p. 8.

Jan. 28 The space shuttle Challenger
explodes 74 sec after liftoff and 10
mi. above the Earth, killing all seven
crewmembers—(front row) Michael J.
Smith, Dick Scobee, Ronald McNair;
(back row) Ellison Onizuka, Christa
McAuliffe (who was to be the first
teacher in space), Gregory Jarvis, and
Judith Resnik. This is the worst U.S.
space disaster and the 25th space
shuttle launch. After an extensive
investigation a panel of experts con-
cludes that the accident was caused
by a faulty seal on the right solid fuel
booster, and that the craft should not
have been launched at so low a tem-
perature. NASA, Aeronautics and As-
tronautics, 1986-1990, pp. 9, 14-15.

50 Years Ago, January 1961

Jan. 6 The Bell HUL-TM helicopter,
powered by an Allison T63 turboshaft
engine, makes its first flight. The
Aeroplane, Feb. 17, 1961, p. 164.

Jan. 6-7 The first U.K. symposium
devoted strictly to rocket propulsion
takes place at the College of Aero-
nautics in Cranfield, England. Orga-
nized by the Royal Aeronautical Soci-
ety, the British Interplanetary Society,
and the College of Aeronautics, the
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symposium attracts more than 100 delegates and features presentations of 17
papers surveying British work in this field. The Aeroplane, Jan. 13, 1961, p. 31.

§ | Jan. 12 The first Italian space research begins with the successful
launch of a U.S. Nike-Cajun sounding rocket from the lItalian air force
base at Perdasdefogu in Sardinia. The rocket, which carries an ltalian
scientific payload from the University of Rome, reaches 105 mi. and,
on command, releases a stream of sodium vapor to obtain density,
temperature, and other data on the outer atmosphere. The Aeroplane,
Jan. 27, 1961, p. 80; Flight, Jan. 20, 1961, p. 77.

Jan. 14 A Convair B-58 Hustler averages 1,284.7 mph over a
1,000-km course near Edwards AFB, Calif., breaking three world speed
records. The crew will be awarded the 1961 Thompson Trophy. Flight,
Jan. 20, 1961, p. 73.

Jan. 19 President John F. Kennedy names Dallas-born
attorney Najeeb E. Halaby, son of a Lebanese-Syrian
immigrant, to be the second administrator of the FAA,
the agency that regulates commercial air traffic in the U.S.
He succeeds Elwood R. Quesada. A private pilot since 1933
and a Lockheed test pilot from 1941 to 1943, Halaby also
served as a Navy test pilot until 1946 and made the first
transcontinental jet flight. From 1948 to 1954 he was the
deputy assistant secretary of defense for international
security and from 1955 to 1957 was vice chairman of the
White House Aviation Facilities Study Group, which
helped form the FAA. In 1978, his daughter Lisa Halaby marries King Hussein of
Jordan and becomes Queen Noor. The Aeroplane, Feb. 3, 1961, p. 113.

Jan. 19 American Telephone and Telegraph is authorized by the FCC to
undertake experiments for radio repeater satellites that may include voice and TV
signals transmitted between Holmdel, N.J., and receiving ground stations in the
U.K., West Germany, and France. This is an important step toward communication
satellites. The Aeroplane, Feb. 3, 1961, p. 123.

Jan. 19 NASA selects Hughes Aircraft to develop the Project Surveyor unmanned
soft lunar landing spacecraft that is to touch down on the Moon and sample its
surface. The Aeroplane, Feb. 10, 1961, p. 151.

Jan. 24 For the first time, a Hawk surface-to-air
missile intercepts a high-speed Corporal surface-to-
surface ballistic missile in flight at White Sands Proving
Ground, N.M. Earlier, the Hawk had destroyed
short-range Little John and Honest John unguided
missiles. The Aeroplane, Feb. 10, 1961, p. 136.

Jan. 26 Italy’'s new Fiat 7002 medium-range helicopter with two-bladed rotor
makes its first flight at Caselle airfield near Turin, Italy. The craft is powered by a
Fiat 4700 turbogenerator with the rotor driven by “cold jets.” It carries a useful
load of 1,598 Ib, has a seating capacity for a pilot and six passengers, a 186-mi.




range, and a top speed of 106 mph. The Aeroplane,
Feb. 10, 1961, p. 136, and Feb. 17, 1961, p. 163.

Jan. 30 At a conference in Strasbourg, France,
delegates from the governments of several European
countries approve Anglo-French proposals to develop
a joint European vehicle for launching satellites. Flight,
Feb. 10, 1961, p. 172.

aboard is boosted to a suborbital 15-min flight by a modified
Redstone rocket, successfully launched, and recovered from Cape
Canaveral, Fla., although splashdown is made 130 mi. farther
away and faster than planned. Thus the capsule remains in the
Atlantic Ocean for 3 hr before being retrieved by a Marine
helicopter. The Aeroplane, Feb. 10, 1961, p. 52; United States
Naval Aviation 1910-1980, p. 241.

Jan. 31 A pair of De Havilland Gyron Junior DGJ 10
turbojet engines, the first British turbojets designed for
supersonic speeds, are installed and flown in a Gloster
Javelin aircraft. Each engine provides 10,000 Ib of
sea-level thrust. The Javelin is serving as a test-bed for
the engines that are to power the Bristol 188 all-steel
supersonic research aircraft. The Aeroplane, Feb. 10,
1961, p. 135.

75 Years Ago, January 1936

Jan. 2 French writer and aviator Antoine de Saint-Exupery,
already acclaimed for his poetic novels Southern Mail and Night
Flight, is found, along with his mechanic, in the Egyptian desert
95 mi. east of Cairo. The two had been lost for three days
following an attempt to establish a new Paris-Saigon record. Their Caudron
Simoun aircraft hit the ground at full speed and skidded over the sand until it
stopped. Unhurt, the men walked for two days until they exhausted their food
rations, and were found soon after. Saint-Exupery later writes Wind, Sand and
Stars, Flight to Arras, and The Little Prince. Flight, Jan. 9, 1936, p. 36.

Jan. 9 Three De Havilland Dragon Rapides light airliners adapted for

military use arrive in Spain from England and are turned over to the
Spanish air force for service in Morocco. The Aeroplane, Jan. 22,
1936, p. 111.

of 10 hr 2 min 51 sec is broken when Howard Hughes -

flies from Burbank, Calif., to Newark, N.J., in 9 hr 27 - 3

min 10 sec. His plane is a 950-hp Wright Cyclone G .

Series powered Northrop Gamma. Flying nonstop, =

Hughes averages 263.5 mph for the 2,450-mi. flight.
Aero Digest, February 1936, p. 74.

Jan. 14 Roscoe Turner’s transcontinental speed record

An Aerospace Chronology
by Frank H. Winter, Ret.
and Robert van der Linden

Jan. 20 The Navy Bureau of Engi-
neering approves development of
radio meteorgraphs, later called
radiosondes, which are weather-
recording instruments sent aloft by
free balloons. Data are gathered and
transmitted to ground stations for use
in weather forecasting and flight
planning. The Navy’s Bureau of Aero-
nautics recommended the develop-
ment. E. Emme, ed., Aeronautics and
Astronautics 1915-60, p. 33.

100 Years
Ago, January
1911

Jan. 26 From
San Diego Bay,
Calif., Glenn
Curtiss takes
off in his first
seaplane and
makes a successful water landing. The
machine, called a hydro-aeroplane, is
a standard biplane with pontoons. A
few days later he flies the plane 5 mi.
over the sea. Alphonse Pénaud of
France may have been the first to
patent the idea of a seaplane in 1874,
and Fabre flew his float plane in
March 1910, but it is Curtiss who
develops the first practical float
plane. In addition, he is credited with
inventing the step that helps break
the hydrodynamic forces that often
prevent the float from leaving the
water’s surface. He also adds wheels,
creating an amphibian that can oper-
ate on both land and water. On Nov.
12, 1912, at the Washington Navy
Yard, a Curtiss Hydro will become one
of the first aircraft to be catapulted.
C. Gibbs-Smith, Aviation, pp. 44, 153,
161, 164.

And During January 1911

—French Capt. Albert Etevé tests the
first practical airspeed indicator. C.
Gibbs-Smith, Aviation, p. 158.
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. Career Opportunities

e [ JNIVERSITY of TENNESSEE

KNOXVILLE
COLLEGE of ENGINEERING

The Department of Mechanical, Aerospace and Biomedical Engineering (MABE) invites applications and nominations for 2
Assistant/Associate Professors in the respective areas of (1) air-breathing and (2) rocket propulsion. Primary consideration will
be given to those with research and teaching interests in computational thermofluids, acoustics, and combustion. Specific subareas
of interest for the positions include, respectively: (1) gas-turbine systems, ramjet/scramijets, hypersonics, spray combustion, thermal
management, aerothermodynamics, and combustion processes; and (2) solid, liquid, or hybrid rocketry, computational aerothermody-
namics, aerospace system modeling, acoustics, swirl and injection-driven flow modeling, supercritical combustion, and propellant-flow
interactions. The two positions will be located at the University of Tennessee Space Institute (UTSI) in Tullahoma, TN. The
position(s) will include acompetitive compensation package commensurate with experience and qualifications. For additional informa-
tion about the Institute and the Department, visit web sites at www.utsi.edu and www.engr.utk.edu.

Duties and Expectations: Teaching at the graduate level is required, including the recruitment of new graduate students. Faculty will
be expected to develop and promote individual sponsored research initiatives aswell as participate in research teams with other faculty.
Effective interaction with industry, especially Arnold Engineering Development Center in Tullahoma, will be essential to success.

Required Qualifications: An earned doctorate in mechanical/aerospace/chemical engineering or closely related field, superb academic
credentials, and strong potential for developing a vibrant, externally funded research program in air-breathing and/or rocket propul-
sion are required. A strong commitment to teaching excellence at the graduate level and appropriate publications in leading scholarly
journals are also required. In addition, the ability to obtain approval to work on DOD projectsis essential.

Application: Individuals interested in applying should submit as a single PDF file: a letter of intent clearly indicating the area of
interest in either (1) air-breathing or (2) rocket propulsion; a statement of teaching and research interests; a curriculum vitae; copies of
3 publications; and contact information for at least 3 professional references to the search chair, Dr. Joseph Madalani, Professor and
Arnold Chair of Excellence in Advanced Propulsion, at maji @utsi.edu. Review of applications and nominations will begin February
1, 2011, and will continue until the positions are filled.

The University of Tennessee is an EEO/AA/TItle VI/Title | X/Section 504/ADA/ADEA institution in the provision of its education and employment pro-
grams and services. All qualified applicants will receive equal consideration for employment without regard to race, color, national origin, religion,
sex, pregnancy, marital status, sexual orientation, gender identity, age, physical or mental disability, or covered veteran status.

DEPARTMENT OF AEROSPACE ENGINEERING
WICHITA STATE UNIVERSITY
Positionsin Aerospace Structures and Flight M echanics

The Wichita State University (WSU) Aerospace Engineering department has two faculty positions available in
aerospace structures and flight mechanics. The tenure track positions, at the Assistant Professor rank, include teaching,
research, scholarship, and service responsibilities.

Applicants must hold a doctorate in aerospace engineering or astrongly related engineering discipline. Addition-
ally, applicants must have at least one degree in aerospace engineering or have notable aerospace industry/research lab
experience. A demonstrated ability to teach, conduct research, publish, communication effectively, and a commitment to
diversity are also required.

WSU, located in the Air Capital, has a proud history. The department’ s undergraduate and graduate (MS & PhD)
programs are strong and play an important educational and research role in the city, region, and nation. In fact, the Na-
tional Science Foundation ranked WSU third among all U.S. universities in aerospace research and devel opment expen-
ditures (for fiscal year 2007). Furthermore, the department and National Institute for Aviation Research (NIAR) are home
to an outstanding collection of wind/water tunnel, aircraft icing, composites, structural testing, fatigue/fracture, flight
mechanics, crash dynamics, and computational |aboratories.

The WSU campus is an attractively landscaped architectural showplace with approximately 15,000 students.
Wichita, a community of approximately 450,000 people, is home to aerospace |eaders Cessna Aircraft, Hawker-Beech-
craft, Bombardier Learjet, Boeing, Airbus, and Spirit AeroSystems.

U.S. citizens or permanent residents with an undergraduate degree in aerospace engineering are preferred. Ap-
plicants should clearly state their status or ability to work in the US. Salary is commensurate with qualifications and
experience. If interested, apply online - submitting aresume, aletter of introduction discussing your teaching and research
philosophies, and contact information for at least six references located in the United States. The closing date for these
positionsis February 28, 2011, or the end of each successive month until the position isfilled. WSU is an EEO/AA em-
ployer.

Offers of employment are contingent upon completion of a satisfactory criminal background check as required by
Kansas Board of Regents policy. Candidates must go online at http://jobs.wichita.edu to apply for the positions.
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AEROSPACE ENGINEERING AND MECHANICS
UNIVERSITY OF MINNESOTA

The Department of Acrospace Engineering and Mechanics seeks o Rl oo tenare-track positions @ the assistant professor level, One
posilion i in the area of serospace sysiems and the wcond is i the area of fuid mechamics. Applications are inviled inall areas of
acrospace syslems and fuds particulady those that complement the curmenl research activities i the depamment. and bridge curmment

and emergang hicldds

Currend research sctivities in the FETIAEIC S 5YSICTMS Oreil 1 lucle rodhigst combrol DT PR RO, TV I e, _.'I.|||. noe arl advanced

compuler soflware methods as applied o the design and operation of aircrafl, spacecrafl and astonomows vehicles

Currem rescarch sctiveless o e Tkl mechanics anea include marbalem fows, mubi-phase lows, micro-scale llows, compulalional

i dynamics, rarchicd Flows, amd Righ-Emperatire gas dynamecs

Successiul candidates Tor hath positions willl paficipste in all aspects of the depatment s mission, including teaching al the undergrad
nale and graduare levels, supervisson of undergraduate and graduae studenis, serviee esponsibaliiies. and wall be expecied 10 develop
am ndependent. exiemally-lunded rescarch program. In panscular, the camdslaies will be expecied v wach acTOspace Cgmecnng

Courses inClisling service Courses i mechanscs and urklergradisnic and graduale courses n Maid mechamices or BETUSPECE SVEDETRE
wpplicants must have an eamed doctorte in o related feld by the date of appoiniment.  Experience beyond the doctorate degree is
desirable. Although owr focus will be @l the rank of Assisiant Prolessor, exceptsonal candidates will be comsdered al the rank ol as-

soac1abe oF lull prodessor. 10 s anbcpated cthat the apponmment wll begia tall 200 |

T mpply for this position, candidates must go 1o hetpaUasew |oumnedw'ohrfemplovmentfindes_himl  amd search for requisition ke
(inser & digit pok. Please atlach your letier of application. detailed resume, names amd contact information of three references

Application DeadBne: T minal sorecnmg of applecatieom will begm on December 1, 2000; applications wall b aocepied umtal the

mes i oy 15 hilled

The Dndversity of Mimnesoda i an equed opparianity ediscaror and emplover

FSU Mechanical Engineering Faculty Search

THE DEPARTMENT OF MECHANICAL ENGINEERING at Florida State University and Florida A& M University’ sjointly admin-
istered College of Engineering invites applications for tenure track faculty positions in the areas of Experimental Fluid Mechanics and
Thermal Sciences with an emphasis on high-speed flows and advanced diagnostics. The position is at the Assistant Professor level;
however, exceptional candidates will also be considered for senior appointments. Special consideration will be given to candidates who
have a strong background in research areas that are presently being actively pursued within the Department and the Florida Center for
Advanced Aero-Propulsion, FCAAP, (amulti-university Center of Excellence led by Florida State University, http://www.fcaap.com/).
Some of these areas of research include: active flow and noise control, advanced flow diagnostics; sensor, actuator and control design;
micro-fluidics, bio-inspired flight and micro-air vehicles.

Successful candidates will be expected to teach and devel op mechanical engineering courses at the undergraduate and graduate levels,
and conduct high quality, externally sponsored research. In addition to FCAAP, our faculty have established a number of nationally
recognized, inter-disciplinary research programs and the Department is home to several state-of-the art research facilities and Centers
of Excellence that offer excellent opportunities for collaboration and growth. Some of these include: the National High Magnetic Field
Laboratory and the Institute for Energy Systems, Economics, and Sustainability, along with a number of facilities within the Depart-
ment (see www.eng.fsu.edu/me).

The positionis atenure track academic faculty line at the Florida State University. A Ph.D. in Engineering or arelated field is required.
Applications from minorities and women are strongly encouraged.

Applicants are encouraged to apply by January 15, 2011 for full consideration, although the application process will remain open until
suitable candidates have been found. Candidates interested in being considered should send a cover letter which includes a brief discus-
sion of their research and teaching philosophy and future plans and a curriculum vita, with at least three references to:

Chair, Faculty Search Committee
Department of Mechanical Engineering
FAMU-FSU College of Engineering
2525 Pottsdamer Street, Room A229
Tallahassee, FL 32310
mefacsearch@eng.fsu.edu

Florida State University is an equal opportunity/access, affirmative action employer.
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Worcester Polytechnic Institute

Mechanical Engineering Department
DEPARTMENT HEAD POSITION

Worcester Polytechnic Institute (WPI) invites applications for the position of Head of
the Mechanical Engineering Department beginning August 2011.

The ME Department has 31 full-time faculty and offers undergraduate degrees in
mechanical engineering and aerospace engineering to more than 600 students,
the largest group in the university. The department also offers graduate degrees in
mechanical engineering, materials science, and manufacturing to more than 200
graduate students and graduates 10 or more Ph.Ds. on an annual basis.

The department is home to many laboratories and centers, including the Metal

Processing Institute (MPI), the Integrative Materials Design Center (iMdc), the Center
for Holographic Studies and Laser micro-mechaTronics (CHSLT), the Center for

Comparative Neurolmaging (CCNI), the Computer Aided Manufacturing Laboratory
(CAM-Lab), and the Haas Technical Education Center. The Department has strong
ties with numerous regional and national industry and research laboratories, which
have regularly supported faculty and graduate student research endeavors and senior

undergraduate (capstone) projects. Mechanical Engineering is one of three departments

that support WPI’s Robotics Engineering program, a rapidly growing and truly multi-
disciplinary undergraduate and graduate program involving the fields of Mechanical

Engineering, Electrical and Computer Engineering, and Computer Science.

ﬁ’[ore information on the ME Department, its mission, goals and objectives, its
ndergraduate and graduate programs, and faculty research areas can be found at
http://apptrkr.com/166113.

Required qualifications for the position include: an earned doctorate in mechanical
engineering or a closely related field, an international reputation in research with
a distinguished record of publication and funding, administrative experience, and
a record of excellence in teaching. The candidate must demonstrate outstanding
leadership and mentoring abilities, as well as a commitment to high quality teaching
at both the undergraduate and graduate levels.

Founded in 1865, WPI is one of the nation’s oldest technological universities. Today,
‘WP is a highly selective private university with an undergraduate student body of over
3,500 and 1,300 full-time and part-time graduate students enrolled in more than 50
programs. U. S. News and World Report consistently ranks WPI among the top national
universities and recently placed WPI in its top 30 for faculty resources. Its innovative
project-based curriculum engages students and faculty in real-world problem solving,
often at one of WPI’s 25 Project Centers located around the globe. The university is
located in the heart of Massachusetts and an hour west of Boston.

Applications and nominations should be sent to meheadsearch@wpi.edu. Applications

should include a curriculum vitae, a letter of intent that describes professional interest
(research, teaching, and administrative), and names of a minimum of three references.

Applications from women and minority candidates are especially encouraged. For

full consideration, applications should be received by January 31, 2011. Questions can
be addressed to fjlooft@wpi.edu.

To enrich education through diversity,
WPI is an affirmative action, equal opportunity employer.
—A member of the Colleges of Worcester Consortium. —

When Heartbreak
Turns to Hope,
You're There.

Down the street,

across the country,
around the world

—you help save the day.
Every day.

‘When you give blood to

or provide a hot meal

to a disaster victim, train

in first aid or help a member
of our military, you reach out
your hand.

1t’s at that moment —when
heartbreak turns to hope
—that you're there through
the American Red Cross.
Your help is needed

now more than ever.

Visit redcross.org.

American
Red Cross

1-800RED CROSS | redcross.org
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ALAA
FORMS
NEW EARTH
OBSERVATION
TASK FORCE

AIAA has created a new
task force to assist in the
formulation of a national
road map for the U.S. to
address investments in the
Earth-observing industry
to adequately inform future
climate change debates
and decisions. Composed
of leading experts on policy
and climate-monitoring
technology from within
AIAA and in collaboration
with other organizations,
the task force is developing
a strategy to come up with
recommendations to help
reach this goal.

For more information,
contact Craig Day
at 703.264.3849
or craigd@aiaa.org.

A

The World’s Forum for Aerospace Leadership

University of Alabama in Huntsville
College of Engineering
Mechanical & Aerospace Engineering Department
Chairperson

The College of Engineering at UAHuntsville is conducting a national
search for an ambitious and energetic individual with a strong record of
scholarly achievements, for the leadership position in the Department of Me-
chanical & Aerospace Engineering (MAE). The Department currently has
19 tenured/tenure track faculty, six lecturers, 12 part time faculty members,
and is currently searching for three new entry level tenure earning faculty.
The MAE department has research strength in the broad areas of advanced
propulsion, rotorcraft, unmanned vehicles and robotics, missile systems and
fusion energy sciences. Specific research areas include multiphase fluid flow
and combustion, fluid-structure-acoustic interaction, mechanical behavior
of materials, experimental stress analysis, composites and smart materials,
aerospace vehicle design, impact dynamics, and aeronautical control sys-
tems. Faculty distinctions include 1 NAE member, 2 Fellows of ASME, 1
SEM Fellow, and 3 Associate Fellows of AIAA. Additional details can be
found at http://www.mae.uah.edu/.

The Department offers the BSE, MSE, and Ph.D. degree programs
with 750 undergraduate students and 176 graduate students. The Depart-
ment currently has ABET accredited undergraduate programsin Mechanical
Engineering, and an Aerospace Engineering option in Mechanical Engineer-
ing.

Applications are invited from candidates that possess an earned
Ph.D., preferably in Mechanical Engineering or Aerospace Engineering,
with a strong record of teaching, research (including substantial external
funding, and publications), service and leadership in the mechanical or aero-
space engineering field. The successful candidate will possess academic and
professional credentialsto warrant appointment as atenured Professor in the
Department.

UAHuntsville is located in the midst of a high technology commu-
nity consisting of Fortune 500 corporations in support of NASA’s Marshall
Space Flight Center and the Redstone Army Base.

The College of Engineering currently has a research focus that ad-
dresses three National Academy of Engineering (NAE) Grand Challenge
problems. They are to secure cyberspace, restore and improve urban infra-
structure, and engineer tools of scientific discovery. The College enrolls
nearly 30% of UAHuntsville's undergraduates in ABET-accredited pro-
gramsin aerospace, chemical, civil, computer, electrical, industrial and sys-
tems, mechanical, and optical engineering. In addition to MS degrees, PhD
programs are offered in civil, computer, electrical, mechanical, industrial
and systems engineering, material's science, optical science and engineering,
and biotechnology science and engineering.

The Chairperson reports to the Dean of the College, and assumes
responsibility for the administration of all programs and budgets in the De-
partment.

Complete applications should include a current curriculum vitae, a
position paper highlighting the applicant’s qualifications for the position
(including a vision statement of anticipated department leadership), and the
contact information for at least three professional references. Preference
will be given to applications received prior to January 28, 2011. However,
the position will remain open until filled. The anticipated starting date is
August 10, 2011.

UA Huntsville is an Affirmative Action/Equal Opportunity Em-
ployer, is committed to diversity and welcomes applications from women
and minority candidates.. Please submit applications electronically to mae-
chairsearch@uah.edu.
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Aerospace Materials and Aerospace Design Faculty Positions
Aerospace Engineering Department at Texas A&M

The Department of Aerospace Engineering at Texas A&M University in College Station, Texas is seeking applicants for two
tenure-track faculty positions with a potential start in Fall 2011. We are seeking outstanding individuals in the areas of multifunc-
tional aerospace materials and aerospace vehicle design. It is expected that the appointments will be at the assistant professor
level, but an associate professor appointment is possible, dependent upon qualifications presented.

For the aerospace materials position, all relevant specialties will be considered, including but not limited to, multifunctional nano-
composites, advanced and function-ally graded materials, and high-temperature materials. For the aerospace design position,
applications are encouraged from individuals with aerospace vehicle design experience and a general background in aerodynam-
ics, flight mechanics, structures, or propulsion. Applicants should hold an earned doctoral degree in aerospace engineering or
another closely related discipline.

The successful candidates will be expected to teach courses in aerospace materials or design at the undergraduate and graduate
levels, as well as initiate and sustain a high-quality, externally funded graduate research program in their related field, publish in
archival journals, and mentor graduate and undergraduate students.

ABOUT OUR PROGRAM: The Department of Aerospace Engineering has a strong academic and research program with more
than 30 faculty members who represent a broad spectrum of research interests in the areas of materials and structures, aero-
dynamics and propulsion, and dynamics and controls. See http://aero.tamu.edu for details or contact Dr. Dimitris Lagoudas,
Department Head, lagoudas@tamu.edu.

HOW TO APPLY: Submit a detailed resumé, cover letter, brief statement of research and teaching interests, and the names and
contact information of five references to:

Dr. Amine Benzerga
Aerospace Materials Search Chair
facultymat@aero.tamu.edu

Dr. John Valasek
Aerospace Design Search Chair
facultydes@aero.tamu.edu

Texas A&M University is an Affirmative Action/Equal Opportunity Employer. The university is dedicated to the goal of building a
culturally diverse and pluralistic faculty and staff committed to teaching and working in a multicultural environment and strongly
encourages applications from women, minorities, individuals with disabilities, and covered veterans. Employer paid advertisement.

Open-Rank Faculty Position

in Combustion/Propulsion
Department of
Aerospace Engineering

PURDUE

Faculty Openings
Aeronautics & Astronautics

University of lllinois at
Urbana-Champaign

The Department of Aerospace Engineering at

The School of Aeronautics & Astronautics (AAE) at Purdue Univer-
sity seeks outstanding individuals with a Ph.D. and a strong background rel-
evant to aerospace engineering. Currently, AAE faculty members conduct
research and teaching in the broad disciplines of Aerodynamics, Aerospace
Systems, Astrodynamics and Space Applications, Dynamics and Control,
Propulsion, and Structures and Materials. Candidates with interests in these
areas are encouraged to apply. Details about the School, its current faculty,
and research may be found at the Purdue AAE website https://engineering.
purdue.edu/AAE

Candidates should have a distinguished academic record, exceptional
potential for world-class research, and a commitment to both undergraduate
and graduate education. Tenure-track positions are available at the assistant
and associate ranks. For consideration, please submit curriculum vitae, state-
ment of teaching and research interests, and the names and addresses of at
least three references to the College of Engineering Faculty Hiring website,
https://engineering.purdue.edu/Engr/AboutUs/Employment/indicating in-
terest in AAE. Review of applicants begins 1/15/11 and continues until the
positions are filled.

Purdue University is an Equal Opportunity/Equal Access/Affirmative
Action employer fully committed to achieving a diverse workforce.

the University of lllinois at Urbana-Champaign
is seeking candidates at all academic ranks for
a full-time faculty position beginning as early
as August 16, 2011. Applications from women
and underrepresented minorities are especially
welcome and are strongly encouraged.

The Department seeks exceptional candidates
for a tenure-track or tenured faculty position
with expertise in the fundamental science and
engineering of computational combustion
and/or propulsion, including multi-phase
reactive flows, energetic materials, alternative
fuels (including sustainable and clean
fuels), micro-combustion or micro-propulsion.
Outstanding candidates with expertise in other
aspects of combustion or propulsion, or other
areas of fluid mechanics in general, including
those with an exceptional experimental
background, will also be considered.

Please visit http://jobs.illinois.edu to view the
complete job announcement and application
instructions. Applications are due by 01/07/11,
to receive full consideration.

lllinois is an AA/EOE.

m UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN
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