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What’s Online

The new field of Integrated Vehicle
Health Management (IVHM) aims to im-
prove safety through the use of diagnos-
tics and prognostics to fix faults before
they are an issue, as well as improve
availability of fleets through better main-
tenance scheduling.  

Developed by plane manufacturers,
IVHM expands the concept of selling a
product and its spare parts to offering a
full-service package, including the prod-

uct and its maintenance, repair, and overhaul. This approach
to commercializing high-value assets requires a thorough
knowledge of how airline operators actually use these planes
in the field. This is where IVHM technology comes into play.

Sensors are placed on the asset, and
data is captured, transmitted, and ana-
lyzed to ascertain the plane’s health. De-
pending on the diagnosis, decisions can
be made for maintenance to be per-
formed, with provision for personnel and
spare parts, at a time when it’s most con-
venient for the operator, reaping the ben-
efit of early preventative action. 

In a May 8 webcast, Taking Data to
New Heights: How Airlines, Plane Manufacturers, and Suppli-
ers Are Shaping the Future of Integrated Vehicle Health Man-
agement, IVHM will be explored from three different perspec-
tives. The IVHM Centre, Cranfield University, will offer an

academic view of the subject including
educational offerings and research. UTC
Aerospace Systems will provide a sup-
plier's perspective of utilizing IVHM to
improve field service and supply chain
management for components of major
aircraft systems. Gulfstream will discuss
the subject of an airplane manufacturer
that has IVHM-enabled its latest busi-
ness jet, the G650.  Webcast attendees
will be invited to interact with the speak-

ers during the program's live Q&A segment.
The speakers will be Ian K. Jennions, Director, IVHM Cen-

tre, Manufacturing and Materials Department, Cranfield Uni-
versity; Rhonda Walthall, Prognostics and Health Monitoring
Manager, UTC Aerospace Systems; and Robby O’Dell, Pro-
gram Manager, G650 Technical Development, Gulfstream
Aerospace Corp. To register for the IVHM webcast, please visit
www.sae.org/webcasts.

IVHM Focus of May Webcast 

Ian Jennions

Rhonda Walthall

Robby O’Dell

Vortex rocket engine reaps the whirlwind

Orbital Technologies' vortex-cooled liquid engines inject
liquid oxygen into the combustion chamber in such a way to
generate a stable, tornado-like cyclonic flow that confines the
combustion to the central region of the chamber, which pro-
tects the surfaces. Read more at www.sae.org/mags/aem/11560.

Tracking the health of aircraft electrical generators
Researchers have come up with basic modules of a pro-

posed diagnostic and health-management system architec-
ture based upon data-driven algorithms. Read more at
www.sae.org/mags/aem/11662.

Adoption of software-defined radio slower than anticipated
The proliferation of frequencies has driven a lot of interest

in software defined radio (SDR), but the idea of using many
programs on a single digital platform has not seen the success
once envisioned. Read more at www.sae.org/mags/aem/11640.

For the “connected” airplane, young engineers have right
mind-set

“I do a lot of recruiting. The kids I’m hiring now are phe-
nomenal. They look at things differently. They’re energetic
and they’re sharp,” said John Craig, Chief Engineer of Net-
work Systems for Boeing Commercial Airplanes. Read more at
www.sae.org/mags/aem/11572.

Advanced out-of-autoclave composites process
accelerates curing, enhances adhesion of fasteners

A new IR-assisted advanced out-of-autoclave (OOA) process
from Kubota Research Associates reportedly enhances adhe-
sion properties and “significantly” accelerates the curing
speed of thermoset resin systems for installing adhesive
bonded fasteners onto composite fuselage and metal struc-
tures. Read more at www.sae.org/mags/aem/11522.
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Editorial

As a sign of Boe-
ing’s unwavering
optimism toward
its newest aircraft
family, the 787 —
the one that at
press time had been
grounded for near -
ly three months —
The Wall Street
Journal reported in early February that
the company would “begin piecing to-
gether the next version [787-9] of its
Dreamliner jet in the coming weeks,
even without a fix for what has bedev-
iled the plane’s electrical system or a
timetable for resuming flights.”

To those who have followed the tra-
vails of the 3.5-year delayed 787 pro-
gram, hearing that production of the
new 20-foot longer 787-9 would be
commencing with body sections flown
in from Japan being fitted to body sec-
tions flown in from Italy (the whole of
which would then be flown to a Boe-
ing facility in Washington and/or
South Carolina to be fitted with other
body parts, systems, and componentry
made there or somewhere else), it was
hard not to squirm in one’s seat, like
during a scary movie at which at times
you feel compelled to yell at the cast
to NOT go into the basement.

That said, one of the main reasons
Boeing committed to marching on with
production of the 787-9 was precisely
to stay on course and avoid all the out-
sourcing and supplier missteps that de-
railed the 787 for so many years. As
supply issues were seemingly fixed or
successfully worked around, things
began looking up for the 787, so to
speak. At the time of the grounding, 50
were in fleet service and the company
was ramping up to increase production
of the 787 to 10 per month over the
next couple years to try to keep up with
orders.

Everything was fine, at least until Janu-
ary. For the movie buffs amongst us, it
would seem that if Mike Nichols’ 1967
movie “The Graduate” were re-made
today, the advice whispered into recent-
graduate Benjamin’s ear would not be
“plastics,” it would be “batteries.”

Or, at least some ground-breaking tech-
nological solution that does not involve
anything related to the term “thermal
runaway,” whether it be, truthfully, at
40,000 feet or in your driveway. Seems
that no good could really come of that,
no matter your altitude.

In fact, that is a good segue into re-
membering that the aerospace industry
is not the only industry to experience
growing pains with batteries, which have
been hailed as the next great technology
breakthrough in terms of energy densi-
ties, durability, and an all-around greener
world. It was only a little over a year ago
that an uproar started about the Chevy
Volt’s batteries catching on fire, until the
National Highway Traffic Safety Admin-
istration put that uproar out after a two-
or three-month investigation by declar-
ing that “NHTSA does not believe that
Chevy Volts or other electric vehicles
pose a greater risk of fire than gasoline-
powered vehicles.”

We don’t know what we don’t know
about batteries, but we probably know
more about batteries today than we knew
about plastics in 1967. 

That said, so far, reports have indicated
that both 787 batteries in question were
so badly damaged that engineers may
never be able to exactly determine the
cause of the fires. It is still to be deter-
mined if the DOT will settle on a solution
to battery fires that focuses on contain-
ment (i.e., bigger, stronger, stainless steel
boxes; ceramics barriers between cells;
and a venting tube to expel fumes outside
the aircraft should the need arise. Ideally,
the latter solution would not occur while
the aircraft is being refueled.) as opposed
to addressing the cause.

Even if Boeing’s most famous fren-
emy, Airbus, no longer has an interest
in helping to solve the lithium-ion bat-
tery problems (it announced recently it
has decided not to use that type of bat-
tery on its A350), there are plenty of
others in the aerospace industry and
beyond who are willing to put their
heads together for any sort of lithium-
ion solution that will ultimately fly.

Jean L. Broge
Managing Editor

Under Fire for Progress

Thomas J. Drozda
Director of Programs
& Product Development
thomasdrozda@sae.org
Kevin Jost
Editorial Director
Jean L. Broge
Managing Editor
Lindsay Brooke
Senior Editor
Patrick Ponticel
Associate Editor
Ryan Gehm
Associate Editor
Matt Monaghan
Assistant Editor

Lisa Arrigo
Custom Electronic
Products Editor
Kami Buchholz
Detroit Editor
Richard Gardner
European Editor
Jack Yamaguchi
Asian Editor
Contributors
Terry Costlow, John
Kendall, Bruce Morey,
Jenny Hessler, Jennifer
Shuttleworth, Linda Trego,
Steven Ashley

North America

East Coast: CT, MA, ME,
NH, NY, PA, Quebec, RI, VT,
DC, DE, MD, NJ,  VA, WV
Denis O’Malley x13
Jack O’Malley x12
+1.203.356.9694
f: +1.203.356.9695
denis@nelsonmiller.com
jack@nelsonmiller.com

Great Lakes: OH, MI 
Midwest: IA, IL, IN, KS,
Manitoba, MN, MO, MT,
ND, NE, SD, WI, WY
Southeast: AL, KY, MS, FL,
GA, NC, SC Ontario CAN, TN
Chris Kennedy x3008
+1.847.498.4520 
f: +1.847.498.5911
chris@didierandbroderick.com

Southwest/West Coast:
AK, AR, AZ, CA, CO, ID, LA,
NM, NV, OK, OR, TX, UT, WA
Nancy Bateman-Kocsis
+1.310.676.7056
f: +1.310.676.7086
nancy.bateman@gmail.com

International

China - Mainland
Marco Chang
+86.21.6289.5533-101
f: +86.21.6247.4855
marco@ringiertrade.com

Europe - Central & Eastern:
Austria, Czech Republic,
Germany, Hungary, Poland,
Switzerland
Sven Anacker
Britta Steinberg
+49.202.27169.11
f: +49.202.27169.20
sa@intermediapartners.de
steinberg@intermediapartners.de

Europe – Western:
Belgium, Denmark, Finland,
France, Ireland, Israel, Italy,
Netherlands, Norway,
Spain, Sweden, Turkey,
United Kingdom
Chris Shaw
+44.1270.522130
chris.shaw@
chrisshawmedia.co.uk

Hong Kong
Annie Chin 
+852.2369.8788-32
f: +852.2869.5919
annie@ringier.com.hk

Japan
Shigenori Nagatomo
+81.3.3661.6138
f: +81.3.3661.6139
nagatomo-pbi@gol.com

Taiwan
Kelly Wong 
+886.4.2329.7318
f: +886.4.23 10.7167
kwong@ringier.com.hk

Scott Sward
Publisher, Periodicals & 
Electronic Media
+1.610.399.5279
ssward@sae.org
Marcie L. Hineman
Global Field Sales Manager
+1.724.772.4074
hineman@sae.org
Martha Schanno
Recruitment Sales Manager
+1.724.772.7155 
mschanno@sae.org
Joseph J. Breck
Senior Manager, 
Strategic Global Partners
+1.484.580.8015
jbreck@sae.org
Terri L. Stange
Senior Manager, 
Strategic Global Partners
+1.847.304.8151
tstange@sae.org

Linda Risch
Magazines Advertising
Coordinator
+1.724.772.4039
Fax: +1.724.776.3087
advertising@sae.org
Stephanie Stroud
Sales Coordinator
+1.724.772.7521  
f: +1.724.776.3087
sstroud@sae.org
Debby Catalano
Classified/Recruitment/Onli
ne Coordinator
+1.724.772.4014
Fax: +1.724.776.3087
emedia@sae.org
Lisa DiMuccio-Zgela
Marketing Client Manager
+1.724.772.7134
lzgela@sae.org
Jodie Mohnkern
Circulation and 
Mail List Manager 
mohnkern@sae.org

Editorial

Sales & Marketing

Regional Sales

Aerospace Engineering Offices
400 Commonwealth Drive
Warrendale, PA 15096-0001 USA
aero-online.org

Editorial
+1.724.772.8509
Fax: +1.724.776.9765
aero@sae.org

Subscriptions
877.606.7323
+1.724.776.4970 
(Outside U.S.& Canada)
Fax: +1.724.776.0790
customerservice@sae.org

22 aero-online.org Aerospace Engineering, April 2013



EXPANDING HORIZONS

In the last fifty years, only one new transparent plastic has
been approved by the FAA for aircraft windows. Ours.
At PPG, innovation for the aerospace industry goes beyond our advanced coatings 
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50 years. Lightweight, craze- and fire-resistant, OPTICOR advanced transparency 
material can be formed into complex shapes while maintaining optical clarity. 
Larger windows enhanced by our ALTEOS interactive window systems improve
passenger comfort and view. AEROCRON electrocoat primer reduces component 
weight. And, our Customized Sealant Solutions simplify aircraft sealing while 
reducing process time, waste and weight. Visit ppg.com to learn how PPG 
innovation helps our aviation partners expand possibilities and exceed their 
performance goals.

The PPG logo, Opticor, Alteos, and “Bringing innovation to the surface.” are trademarks of PPG Industries Ohio, Inc.
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Technology Update

Steve Scotti, Chief Engineer for Struc-
tures and Materials at NASA’s Langley
Research Center, borrowed the Boeing
mantra “atoms to airplanes” when ex-
plaining the wide range of capabilities
his area possesses to a small group of
media touring the Hampton, VA-based
facilities. 

“We actually do that,”
he said. “We’ve got people
looking at atoms in micro-
scopes, and we can go up to
the very large-scale struc-
ture, and all the things in
between.” Capabilities in-
clude durability and dam-
age tolerance assessment,
materials synthesis and pro-
cessing, and computational
materials design — and, of
course, the necessary facili-
ties to perform these diverse
tasks. The nearly 800-acre
NASA Langley campus in-
cludes 240 buildings and 71
labs. As Scotti noted, “A
cook needs a kitchen.”

One of those “cooks” is
Mia Siochi, Senior Materials
Scientist at Langley. And
one of the main “ingredi-
ents” she and other re-
searchers at Langley are ex-
amining, particularly in
their efforts to reduce the
weight of structural ele-
ments, is carbon nanotubes.

“For those of us who are
working in this area, state-
of-the-art is carbon-fiber
composites,” Siochi said. “So the ques-
tion is, ‘What is next-generation be-
yond that? And how much more weight
can we save?’”

Carbon nanotubes’ properties make
them a promising candidate, according
to Siochi. “What’s novel about them is
that because their diameter is so small
and even though they’re only a few mi-
crons, you have high aspect ratio, which
allows you to carry a lot of weight. Also,
the way it’s bonded together is con-
ducive for electro-conductivity.”

Carbon nanotubes are 1,000 times
stronger and about 50 times stiffer than

aluminum. They are more than 10
times stronger and about five times
stiffer than IM7 carbon fiber. Their cur-
rent-carrying capacity exceeds copper,
and thermal conductivity is about 20
times better than Al and nine times bet-
ter than Cu. And, significant to Lang-

ley’s goal of lighter weight, the nan-
otubes are almost half the density of Al
and about 15% that of Cu.

Dispersion of Carbon Nanotubes for
Structural Apps

“The challenge, however, is that
those properties are measured at the
nanoscale,” Siochi said. “When we
started working with these materials
back in around 2000, these cost about
$500/gram. At that time, you were
lucky to get some. So we were trying to
understand how you take advantage of
these properties in a structure.”

The researchers first concentrated
on how to disperse the “very little” bit
of the material they had in a polymer
matrix. They employed molecular mod-
eling, synthesis, and characterization
tools “that allow us to visualize what
we make, so when we talk about disper-

sion, we can actually see it.”
That progress took about
five to seven years, Siochi
said.

“One of the big lessons
learned is that if we are
going to compete with [car-
bon-fiber] composites, dop-
ing a matrix with a small
amount of this material is
not going to get us there,”
she stressed.

Carbon nanotube-based
composites have generated
a lot of interest mainly re-
lated to conductivity be-
cause that’s the “low-hang-
ing fruit,” Siochi said: a
small amount of this mate-
rial can greatly boost the
electrical conductivity of a
matrix. About two years
ago, however, Langley re-
searchers determined it was
a good time to “redirect at-
tention back to structural
properties, which is proba-
bly the most challenging
piece,” said Siochi, because
larger quantities of carbon
nanotubes, from companies
such as New Hampshire-
based NanoComp Tech-

nologies, had become available. 
“They’re now available in the vol-

umes that we can consider for making
larger parts, so that is what we’re focus-
ing on right now. We are working to
understand how we take a material like
this, in sheets or yarns, and make it into
structures,” Siochi explained. “The
problem is the focus has been [on elec-
trical and thermal conductivity], and
structural properties have been [largely]
neglected. We’re saying, get the struc-
tural [part of the equation], and the
electrical and thermal will be a bonus
because they already do it anyway.”

NASA Langley Explores Nanomaterials for Next-Gen Structures

Mia Siochi (pictured) and other researchers at NASA Langley are looking
beyond the current state-of-the-art lightweight material — carbon-fiber com-
posites — to promising nanostructured materials, namely carbon nanotube
composites. (Photo by Ryan Gehm)
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Technology Update

The researchers are exploring the
use of conventional pre-pregging
processes to determine how much of
what they already know about carbon
fiber composites can be translated to
carbon nanotube composites for struc-
tures. “What is very different is surface
area; it’s got a very high surface area,”
said Siochi. “It’s soaking up all that
resin so you can get it to wet, but the
adhesion is not there, so that interface
is not optimal at this point.”

Collaborating to Compress Time to
Market

Another focus of Langley researchers
is to compress the development and in-
sertion cycles of advanced technologies

so they make it to market faster. As a
point of reference, it has taken about 60
years from the discovery of carbon
fibers to where carbon-fiber composites
are now — comprising 50% by weight
of the Boeing 787. Carbon nanotubes
have been on the radar for about 20
years now, Siochi said.

The big question, however, is how
to speed up the process. “The other ex-
periment we’re doing here is vertical in-
tegration — instead of taking a material
and developing it in isolation, [then]
passing it to the structures people and
trying to convince them to use this for
design, and then getting this inserted
into industry, we actually are using a
multi-disciplinary approach,” Siochi ex-

plained. “On the team, we have people
going from computational modeling, to
synthesis, processing, characterization,
structural design, structural analysis,
systems analysis, and we’re tied into
manufacturers so that we can provide
guidance on what can be tweaked to
make materials to the necessary require-
ments. 

“And we’re also tied into industry,
like Boeing and Lockheed, so we know
where we can feed this to. The hope is
that by having everybody on board
from the very beginning, we compress
that maturation in the insertion cycle
and we can get these emerging tech-
nologies into structural elements much
sooner than 60 years.”

Siochi and other Langley researchers
are confident that this collaborative
parallel approach, rather than the tradi-
tional sequential approach, will be suc-
cessful in cutting time out of the
process. “Because when you do it [se-
quentially], you’re always convincing
the next level that this is worth looking
at,” she said.

These processes and development
tools are also relevant for other nanos-
tructured materials, such as boron ni-
tride nanotubes, which Langley is also
pursuing. “Besides carbon nanotubes,
which are more mature, we also have
the capability here to make boron ni-
tride nanotubes,” said Siochi. “This is
experimental at this point, but the nice
thing about boron nitride nanotubes is
they have similar properties [as carbon
nanotubes]; they’re insulating instead
of conducting, but they are also better
at higher operating temperatures than
carbon nanotubes” — 800 °C compared
to 400 or 500 °C.

With carbon nanotubes as “a good
working example,” NASA Langley has
the capability to start promoting “all
sorts of nanostructured materials,” said
Rob Bryant, Advanced Materials and
Processing Branch Head. “Some of them
NASA might need, some of them NASA
might not need, but we have the ability
with the teaming efforts to transfer
those into other industries,” he said,
calling out the automotive, medical,
and tooling industries, among others.

This article was written by Ryan Gehm,
Associate Editor of Aerospace Engineering.

Though less mature than carbon nanotubes, boron nitride nanotubes are also being pursued at
NASA Langley because of their high strength and high thermal resistance properties. (NASA)
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The basic design parameters of
tiltrotor aircraft and compound
helicopters have been known
since the 1950s, and many pro-

totypes have been built over the years.
The tiltrotor design brings clear ad-

vantages in terms of providing opti-
mum performance in all flying modes,
with large propellers providing vertical
lift for takeoff, landing, and hovering,
and also high-speed cruise when
swiveled into the horizontal position. 

The compound helicopter, combin-
ing a large helicopter-style rotor for ver-
tical flight with a small pair of wings
and forward-driving propellers for
cruise, is more of a compromise but in-
volves a less radical mechanical solu-
tion than the tiltrotor. 

At face value, the advantages of both
types of aircraft are plain to see. They
can carry passengers and loads from any
open space, such as a city-center heli-
pad or deck-equipped ship, and can

then fly at high speed directly to the
destination, which can be a similar site.
Airports can be avoided completely if
need be, or can offer a convenient in-
terchange location for onward travel.
The big gain is operating flexibility,
with the convenience of a helicopter
and the speed and reliability of a fixed-
wing aircraft. 

So why has it taken so long for this
form of transport to arrive on the pro-
duction line, rather than as a curiosity
at an air show? 

The answer is to be found alongside
other aerospace developments that
have enabled such designs to incorpo-
rate key weight-saving materials, high
power-to-weight-ratio engines, digitized
avionics systems, and advanced flight
controls. 

While the concept may not be new,
delivering an attractive, production-stan-
dard product that offers significantly
greater productivity, versatility, and

profit potential is a new development
that is now just around the corner, at
least as far as the tiltrotor is concerned. 

Boeing’s V-22 Osprey multirole utility
aircraft brought the tiltrotor concept
forward for the first time into everyday
use. The development, testing, evalua-
tion, and introduction history of this
machine was a painful and lengthy ex-
perience with many early accidents and
incidents, but today the V-22 has ma-
tured to become a “must-have” tool in
the inventory of the U.S. Marine Corps. 

No longer regarded as an obscure de-
sign exercise, but a practical aerial trans-
port vehicle with great prospects for
further applications in both civil and
military roles, the tiltrotor is now being
readied for series commercial transport
production in Europe in the form of the
AgustaWestland AW609. This aircraft
was originally a joint venture between
Bell and Boeing before Italy’s Agusta
joined the project with Bell Helicopter

Hovering Aircraft Programs
The AW609 tiltrotor and the X3 compound helicopter offer different technology solutions to the
challenge of achieving higher speeds and higher-quality point-to-point air transport.  

by Richard Gardner, European Editor
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Aircraft Feature

Textron, when the type became known
as the BA609. In November 2011, the
program became wholly AgustaWest-
land owned. 

Development Taking Off 
AW’s location at Cascina Costa, Italy,

features a team of 250 representing en-
gineering, flight-test support, prototype
assembly, and program management.
The facilities include a dedicated
hangar, telemetry room, and a develop-
ment simulator. There is also a special
lab capable of testing the flight control
system software and hardware. 

The scale of the investment in the
AW609 underlines the fact that this is
not just another speculative high-tech
concept project, but is a funded com-
mercial aircraft program with a certifi-
cation target set for 2016 and first deliv-
eries due late that year. 

Two development aircraft are flying,
and the pace of systems integration and
detailed design refinement is increas-
ing. Aircraft No. 3 will join the flight
test program this year, with another to
follow in 2014. 

The AW609 features a triple-redun-
dant digital fly-by-wire control system,
and BAE Systems is supplying an up-
graded flight control computer. Pilot de-
mands for this type of flying are high,
and some of the potential operating
sites, such as high-rise helipads or off-
shore oil and gas rig platforms, require
high levels of concentration, with added
risks from cross-winds, local air turbu-
lence, and other site-related restrictions. 

Fly-by-wire controls and advanced
cockpit systems will give AW609 pilots
a high level of situational awareness,
and great efforts have gone toward de-
veloping a man-machine interface to
create user friendly, responsive systems
to deliver safe operations under a wide
range of conditions. 

Asked whether the aircraft would
have conventional controls, as in a hel-
icopter, or Airbus-style side-sticks,
Richard Luck, AW609 Marketing Man-
ager at Cascina Costa, explained to AE
that in bringing the AW609 to market,
the center stick, plus a collective con-
trol design, offered a familiar piloting
layout that would allow an easy transi-
tion to tiltrotor flying. 

The aircraft’s control laws and flight
control software would make the task
of flying the aircraft straightforward,
as flight-testing on the first two devel-

opment aircraft has shown. In vertical
flight mode for takeoff, the aircraft
rises gently exactly as a helicopter
would. 

AgustaWestland AW609 tiltrotor development aircraft is being prepared for full-scale production and
delivery in 2016.

The Boeing V-22 Osprey is the first tiltrotor transport aircraft to enter production and is highly
regarded in the U.S. Marine Corps. (Richard Gardner)

A head-on view of the AW609 with its engines tilted in the takeoff/landing mode. 
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Hovering Aircraft

The engine pods gradually swivel as
the transition begins at around 40 knot
of forward speed, and then the fuselage
remains horizontal as speed builds up.
Top cruise speed offers a 30% advantage
over today’s civil helicopters, with a
maximum of around 270 knot. 

But the tiltrotor benefits don’t stop
there, as the AW609’s pressurized fuse-
lage enables it to fly above the weather,
at 25,000 feet, offering the smooth
transport experience that is standard
today in turboprop commercial aircraft,
but with the bonus of being able to land
and take off almost anywhere. Another
bonus over most conventional helicop-
ters is that it will be certified to fly in
icy conditions. 

Transitioning back from cruise to
landing is equally uneventful — the air-
craft gradually reduces speed and
within around 40 seconds, it performs
just like a helicopter again, gently drop-
ping to the touchdown point, with the
pilot able to have visual references, as
well as being able to use the advanced
displays and controls. 

Rockwell Collins is supplying the inte-
grated avionics suite, based on its Pro-
Line Fusion electronic display system,
and the new version is due to be certi-
fied later this year. Featuring three 14”
color display screens plus a pilot-oper-
ated cursor, the latest system is being de-
veloped for the production model 609
and will have interactive touchscreens
integrated with a head-up display. 

The pilot will be furnished with syn-
thetic display images that can present
terrain warning or virtual flight paths,
with instant access via satellite naviga-
tion links to the weather situation and
new flight information en route. The
integrated cockpit environment will
allow single-pilot operation under IFR
conditions. 

Two Pratt & Whitney Canada PT6C-
67A turboprops will power the produc-
tion AW609 and will introduce an up-
graded performance beyond the
existing PT6C-67 that currently powers
the development aircraft. This engine is
being optimized to deliver the appro-
priate high performance that can be ex-
ploited in a tiltrotor design, which must
cover combined requirements for a hel-
icopter and a fixed-wing aircraft. The

The AW609 with engines in the high-speed forward flight configuration. 

AW609 development aircraft No. 2 on the flight line.

Eurocopter X3 development prototype showing wing tip-mounted propellers.



new engine version is expected to re-
ceive certification by 2015. 

Faster and Further 
So how is flying the AW609 going to

change civil aviation? In this case, certi-
fication will involve meeting the offi-
cial regulatory requirements for one air-
craft that is both a helicopter and a
fixed-wing transport. 

Although digital technology has pro-
vided the new generation of helicopters
with more data connectivity, safer sys-
tems monitoring, increased reliability,
and lighter equipment, they still suffer
from the mechanical and aerodynamic
limitations of rotors that enable them to
fly only slightly faster than earlier heli-
copters — and still have to avoid, rather
than fly over, bad weather. 

As speeds increase, the lift and drag
limits imposed by the advancing and
retreating rotor blades create more vi-
bration and noise, which equates to
less internal comfort and more exter-
nal disruption. Tiltrotors now offer the
opportunity to help create a break-
through in performance, and in the
civil market the AW609 is ahead of the
competition. In fact, the nearest com-
petition will come from slower com-
pound helicopters (max speed around
230 knot) rather than another produc-
tion tiltrotor product. 

Once the AW609 is certified and en-
ters everyday commercial service, there
will be a new paradigm for would-be
operators to study. Clearly, there will be
an added capital cost involved because
of the more complex technical specifi-
cation, but the manufacturers are con-
vinced that once through-life operating
costs are considered, taking into consid-
eration the far greater productivity that
can be gained, the tiltrotor will emerge
into the sunlight. 

There is already a considerable level
of civil and government interest in the
AW609. “While we are presently con-
centrating on the engineering and sup-
port efforts and need to highlight the
milestones in the development pro-
gram, we are also identifying the busi-
ness case for the aircraft in different
sectors,” said Luck. 

In a light transport configuration, up
to 10 passengers can be carried. In a VIP

executive role, six could fly in a com-
fortably equipped cabin. For air medical
transport, the cabin will accept two hor-
izontal stretcher patients plus three or
four medical attendants and accompa-
nying passengers. 

“The selling price will become clearer
about two years before deliveries start —
and that means around the end of
2014,” said Luck. “The far greater pro-
ductivity that will come with the in-
creased speed capability and long range
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means that over the life of the aircraft, it
will be able to generate very good prof-
itability. We have around 65 commit-
ments to date, and that is before poten-
tial operators are able to see production
aircraft in service and what it can do.” 

Compound Competition? 
Compound, or hybrid, helicopters are

making a comeback in the U.S., Russia,
and Europe. 

While Sikorsky has built a small, two-
seat, high-speed technology demonstra-

tor, the X-2, which has flown at 253 knot,
it is not intended for production but as a
test platform for the associated technolo-
gies and systems to be used in the design
concept, which is built around coaxial
contra-rotating main rotors and a rear-
mounted pusher propeller. 

There is no wing providing lift in for-
ward flight. The company has taken the
X-2 concept as the basis for an inde-
pendent initiative, the S-97 Raider,
aimed at offering a military OH-58D
Kiowa replacement for the U.S. Army. 

Russia is also developing two new
high-speed helicopters. One, the Kamov
KA-92, uses the coaxial rotors plus
pusher propeller configuration and is in
the Sikorsky S-92/Eurocopter Super
Puma size category. The other, from Mil,
is a smaller, simpler design. 

However, the Eurocopter X3 com-
pound demonstrator helicopter is fly-
ing, has undertaken a U.S. tour, and is
likely, probably later this decade, to be-
come the basis for a new production
model, though no decisions have yet
been made. 

Although Eurocopter believes that
the market is not yet ready for the
launch of a production X3, the demon-
strator is providing valuable feedback in
terms of de-risking technologies and in-
tegrating systems. 

Speaking to AE, Eurocopter President
and CEO Lutz Bertling was guarded in
his forecast concerning when the com-
pany might give a go-ahead for a pro-
duction model or a derived design.
However, he added that “in the tests we
have performed over the last two years,
the performance of the X3 has been bet-
ter than predicted, and a production
aircraft will be even higher.” 

He sees a big future for high-speed
transport helicopters. “The case for this
type of aircraft is all about increased
productivity and through-life costs. It
must be affordable, but the extra pro-
ductivity will produce more revenue
over the life of the aircraft,” he said. 

“The first step will be to agree with
the certification authorities how to cer-
tify the (compound/hybrid) design as a
helicopter, and then the other issue is
how to get production development un-
derway.” 

Advanced integrated avionics, in-
creased pilot situational awareness
through helmet-mounted displays, in-
teractive controls, and highly auto-
mated fly-by-wire flight systems will
make future designs safer and more
capable. 

Bertling stressed that these new tech-
nologies needed to be integrated,
tested, and evaluated so that the right
production products can come through
as the market matures. “Now is a good
time to invest in tomorrow’s technolo-
gies,” he said.  

Hovering Aircraft

Eurocopter CEO Lutz Bertling.

Head-on view of Eurocopter X3 development compound helicopter.
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A fuel cell is an electrochemical
device that converts chemical
energy directly into electricity
and heat. The energy conver-

sion process is much more efficient
than a heat engine and produces little
noise and no regulated emissions. 

Although the first successful fuel cells
predate modern heat engines, fuel cells
have been limited in aviation applica-
tions due to their historically low

power-to-weight and low power-to-vol-
ume ratios. Over the past 20 years, re-
newed interest in fuel cells for automo-
tive and stationary applications has
resulted in drastic increases in perform-
ance. As a result, fuel cells are viable so-
lutions for increasing the endurance of
electric aircraft. 

Since the first fuel cell powered flight
in 2003, multiple fuel cell aircraft con-
sisting of unmanned and manned con-

figurations have been developed. How-
ever, these aircraft have been limited to
highly efficient fixed-wing aircraft, as
power-to-weight limitations of fuel cell
systems made them problematic for air-
craft with vertical flight requirements. 

United Technologies Corp. (UTC) Re-
search Center began developing a
highly power-dense fuel cell system
with the goal of enabling the first fuel
cell powered rotorcraft. A polymer elec-
trolyte membrane fuel cell (PEFC) was
chosen that was based on UTC propri-
etary technology that had previously
been employed in a stationary backup
power device. 

The system employed porous water-
transport bipolar plates, which allowed
for a simplified water-management de-
sign that reduced the weight of the sys-
tem. The fuel cell system was used in a
modified 1-kW class rotorcraft to make
the first known successful vertical flight
powered entirely by a fuel cell. The
flight employed the use of compressed
oxygen that increased power output of
the fuel cell, but had limitations on en-
durance since only a fixed amount of
oxygen could be stored within the
weight constraints of the system. 

The next generation of the fuel cell
system was optimized to operate using
ambient air, which resulted in improved
endurance and reduced overall volume
of the system by eliminating the com-
pressed oxygen tank. A rotorcraft flight
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UTC's PEFC-powered unmanned helicopter in flight.

A schematic of a cross-section of a polymer electrolyte membrane fuel cell (PEFC) with the electro-
chemical reactions. PEFCs are an attractive propulsion option for UAVs.

PEFCs to 
Transform UAVs
Advancements in polymer electrolyte membrane fuel cells have resulted in longer-
endurance missions for smaller UAVs, as well as an enabler for electric aircraft that
require vertical takeoff and landing capability.
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of approximately 20 minutes was com-
pleted using this system. 

UTC PEFC technology has direct ap-
plication to small UAVs, which are very
sensitive to power-to-weight of the
propulsion system. Specifically, the
PEFC can enable significant increases in
endurance for small, fixed-wing UAVs
that currently rely on battery energy
storage. In addition, the increased

power-to-weight enables a new class of
vertical flight aircraft that can capitalize
on the benefits of electric propulsion
without being over-constrained by the
energy limits imposed by batteries or
ultracapacitors. 

As a result, fuel cell vertical-flight air-
craft can now be considered for Tier 1
UAV missions that are currently being
performed by battery powered fixed-

wing aircraft. This will enable new mis-
sions as fuel cell vertical-flight vehicles
can achieve the same runway independ-
ence as current small UAVs without the
limitations imposed by assisted launch
and risks associated with net, hook, or
deep stall landings. 

Fuel Cells 101 
Fuel cells are related to batteries. Both

convert chemical energy directly into
electricity. The difference is that in a bat-
tery, the chemical energy has to be stored
before it can be used. The fuel cell, on
the other hand, is an energy conversion
device that theoretically is capable of
producing electrical energy for as long as
the fuel and oxidant are supplied from
an external source. 

The fundamental mechanism of fuel
cell operation consists of catalytic oxida-
tion of hydrogen at an anode and reduc-
tion of oxygen at a cathode, which cre-
ates a potential difference between the
two electrodes. By placing an insulating
electrolyte between the electrodes,
which allows the passage of charged
ions, the chemical energy of the reaction
is liberated as electricity, water, and waste
heat. 

This process is not subjected to the
Carnot principle and its related limita-
tions, which makes the fuel cell a highly
efficient device. Fuel cells are mainly
classified by the type of electrolyte used
in the fuel cell, the catalysts used in the
electrodes, and the process gas require-
ments. 

A PEFC has a proton-conductive poly-
mer as electrolyte that transports pro-
tons from anode to cathode to react
with oxygen to produce water as a by-
product. Due to its low temperature op-
eration (65-85 °C), quick start-up times,
high efficiency, and absence of moving
parts, PEFC is an attractive propulsion
device for UAVs, especially for unique
missions that require low thermal sig-
nature, low noise level, and increased
endurance relative to batteries. 

To enable fuel cell stack operation
and control, a balance-of-plant (BOP)
containing additional systems is re-
quired. The BOP, which accounts for
the majority of total fuel cell system
weight and volume, includes fuel and
air supply systems, a water-manage-
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Schematic of the fuel cell components showing the contrast in water management between tradi-
tional (left) and UTC cell assembly. 
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ment system, and a thermal-manage-
ment system. For power conditioning
and control to meet the load demand,
the fuel cell BOP also requires a power-
management system. 

High-Power-Density Design 
Water is critical to the performance

and durability of a PEFC. The transport
of protons through the polymer mem-
brane depends on water as each proton
(H+) migrates through the micropores
of the membrane in the form of H3O+
dragging molecules of water from the
anode to the cathode, a phenomenon
known as electro-osmotic drag. 

Inadequate membrane hydration can
lead to cell performance loss due to
high resistance to proton transport
through the membrane. In addition,
drying of the PEFC induces mechanical
stress and chemical degradation of the
membrane, which can result in per-
formance failure. 

Traditionally, the membrane is hy-
drated through humidified reactant
gases. The saturation level of these gases
as well as the operating conditions of a
PEFC requires an intricate water-man-
agement system to maintain good and
stable performance under steady-state
as well as transient conditions. This re-
quires maintaining a balance of all the
forces that impact water transport in
the cell (e.g., electro-osmotic drag,
water production, and water vapor en-
tering and exiting the fuel cell). 

Insufficient water can lead to mem-
brane dry-out and hence performance
degradation. Too much water can block
reactant flow fields, which can result in
severe performance losses. In addition,
the presence of excessive liquid water
can restrict reactant gas transport to the
electrodes and can result in severe per-
formance losses. 

Traditional PEM fuel cell systems often
employ specific cell designs and opera-
tional methods that provide high reac-
tant pressure drops in the cathode and
anode with the need for accurate tem-
perature and humidity control to help in
alleviating excess water in the stack and
reduce the impact of “flooding.” 

Such strategies generally render the
fuel cell system more complex, more ex-
pensive, and less efficient. UTC's PEM

stack technology effectively overcomes
water-management issues in a simple
and passive manner. Unlike solid bipo-
lar plates used in traditional PEM fuel
cells, UTC uses porous graphite bipolar
plates filled with liquid water. 

In the coolant side of the bipolar plate,
liquid water is circulated at sub-ambient
pressure to maintain a pressure differen-
tial between the reactant stream and the
coolant stream. The water contained
within the pores of the bipolar plates pro-
vides internal humidification to the fuel
cell membrane when needed, and at the
same time, the sub-ambient pressure
maintained at the cool ant side forces any
residual liquid water away from the gas
channels and into the coolant stream. 

This pressure-differential force across
the bipolar plate is effective in remov-
ing excess water and eliminates the
need for complex water-removal meth-
ods such as high-pressure drop flow
field designs and specific control strate-
gies that enable high flow velocities
and/or accurate control of temperature
to promote water vapor removal. 

Employing the porous bipolar plates
allows the BOP to be significantly sim-
plified. Rather than requiring all the
components of a traditional PEFC sys-

tem, the BOP required for a high-power,
dense fuel cell system would require no
external water-management devices
(e.g., humidifiers) since the water is pas-
sively managed within the stack. 

Additionally, the need for high fuel-
flow rates to help remove water is elim-
inated by the passive water manage-
ment. This enables the use of a blower
instead of an air compressor, and en-
ables the fuel-recycle system to be sim-
plified by using the energy of the com-
pressed hydrogen cylinders to drive a
venturi ejector. 

Another important differentiation is
that the stack is cooled primarily by
evaporation of water (i.e., latent heat),
which reduces the amount of coolant
flow by an order of magnitude relative
to a system that relies primarily on sen-
sible-heat removal. 

An additional advantage is that high
power can be achieved at near ambient
inlet conditions, which helps simplify
the BOP as well as the stack sealing re-
quirements. Subsequently, each of the
three sub-systems has fewer parts and
the parts that do remain are smaller in
size and less costly than those found in
a traditional PEFC system. This inher-
ently simple system requires less power

Comparison of PEFC technologies. 

UTC PEFC Technology Traditional PEFC Tecnology

Low-pressure operation High-pressure operation

Improved efficiency High parasitic power loads

Uses air blower Uses air compressor

Minimizes reactant leakage More sealing issues

More reliable system Less reliable system

Internal humidification and water No internal humidification or water
management management

Simplified system Eternal humidifiers required

Superior performance Complex system

Low decay and improved lifetime Larger stacks and shoter lifetime

Controlled start-up and shutdown Inferior start-up and shutdown 
proceedures procedures

Minimizes performance losses  Accelerated stack performance

No inert purge gases (e.g., N2)  Some use inert purge gases
required (e.g., N2)
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to run the BOP and is therefore more
efficient. 

In addition, the passive water man-
agement and simplified BOP enable the
system to have improved reliability
compared to traditional systems. UTC
systems have also shown excellent per-
formance and startup at ambient tem-
peratures as well as start capability and
proven durability in sub-freezing condi-
tions. 

As a result of the simplified BOP and
cell power levels, fuel cell systems have

been developed for UAVs
that exceed 500 W/kg for
the system including
both the fuel cell and the
BOP. 

PEFC Demonstration 
To demonstrate a high-

specific power PEFC, the
development of a UAV-
specific design was carried
out by a team of re-
searchers at UTRC. The re-
sult was a fuel cell with a
stack specific power that
exceeded 675 W/kg and
an overall system specific

power above 500 W/kg achieving the
best-known specific power in its class. 

Operation of the fuel cell stack was at
near-ambient pressure and required no
external humidification and cooling.
The heat generated by the stack was re-
moved by evaporation of liquid water
contained within the stack, eliminating
the need for a heat exchanger. This
unique water-management system sig-
nificantly reduced the overall fuel cell
system size, weight, and complexity rel-
ative to traditional PEFC systems. Dur-

ing operation, the overall efficiency of
the system exceeded 52%. 

The fuel cell system was integrated
into a modified electric rotorcraft in the
1-2 kW power class. The fuel cell was
mounted in the center of the aircraft,
and the blower protruded behind the
stack. The high-pressure hydrogen tank
was mounted in the nose of the aircraft.
The brushless motor and its power elec-
tronics were located above the tank. 

An off-the-shelf DOT-approved fuel
tank rated to 4500 psi was used for the
flight. The tank was connected to the
fuel cell via pressure regulators and a re-
mote controlled valve. Refilling of the
tank could be done in less than a
minute compared to the hour required
for recharging lithium polymer batter-
ies. The controls were provided with a
2.4-GHz radio control system, and the
data needed to monitor the well being
of the fuel cell was transmitted back on
a 900-MHz link to a ground station. 

The demonstration flight used a high-
power-density PEFC stack. The remote
controlled helicopter originally de-
signed to run on batteries had a rotor
diameter of 1.83 m and a GTOM of 10
kg. The duration of the PEFC-powered
flight was approximately 20 minutes. 

The endurance of the test flight was
limited by the relative low hydrogen
storage fraction of 0.023 for the off-the-
shelf DOT tank. The PEFC system had
excess power capability for this applica-
tion, which could extend the endurance
past 30 minutes by either adding a sec-
ond DOT hydrogen tank or acquiring a
larger custom-made lightweight tank. 

Advanced batteries are capable of
higher power-to-weight; therefore, for
short endurances of only a few min-
utes, battery systems can be lighter and
thus carry more payload. 

However, battery systems are energy
limited and only able to provide lim-
ited endurance, even with light pay-
loads. For payloads less than 1.5 kg, the
fuel cell powered rotorcraft can provide
improved endurance over an advanced
battery powered version of the same ro-
torcraft.  

This article is based on SAE technical
paper 2012-01-2161 by Blake A. Moffitt
and Rachid Zaffou, United Technologies
Research Center.  
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The UTRC designed fuel cell stack with peak power of 1.75 kW. It
operated at near ambient pressure and required no external
humidification or cooling.

UTRC high power density system schematic. Note that there are no external water-management
devices in this system.
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