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More Electric Aircraft Trends

By Kaushik Rajashekara

HE MORE ELECTRIC AIR-

T craft (MEA) system is being
widely recognized as the

future for the aerospace industry to
meet the power demands of increas-
ing electric loads, reducing aircraft
emissions, improving fuel economy,
and lowering the cost of the total sys-
tem. The airframers, parts suppliers,
and even the military have been put-
ting significant effort into converting
most of the pneumatic and hydraulic
systems in the aircraft to electric. The
Advisory Council for Aeronautics
Research in Europe has also set sever-
al goals to be achieved by 2020 for air
transportation. These include a 50%
reduction of carbon dioxide emis-
sions through a drastic reduction of
fuel consumption; an 80% reduction
of nitrogen oxide emissions; a 50%
reduction of external noise; and a
green design, manufacturing, mainte-
nance, and disposal product life cycle.
To meet these challenges, MEA
technologies are continually evolving,
and there is much opportunity for
improvement as systems continue to
be refined and enhanced. New MEA-
based requirements for electric
engine starting, high-power inverters,
and bleedless environmental control
systems are also being introduced.
This has been further reinforced by
the successful application of many of
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these technologies in
passenger aircraft such
as the Boeing 787 and
Airbus A380.

Although MEA archi-
tecture offers significant
overall system benefits
in reliability, improved
fuel efficiency, and
reduced emissions, the
MEA concept imposes
increasing demands on
the electrical power generation, conver-
sion, and distribution. In addition, it has
to be safe, reliable, efficient, and fault
tolerant. In a traditional airplane, the jet
engine is designed to produce thrust as
well as pneumatic, hydraulic, and elec-
tric power. Even in an airplane like the
777, there is only 240 kVA of electric
power generation using two 120-kVA,
115-Vac, 400-Hz engine-driven genera-
tors and one 120-kVA, 115-Vac, 400-Hz
auxiliary power unit (APU)-driven gen-
erator. However, in the 787, there are
four 250-kVA engine-driven genera-
tors of variable frequency (about
360-800 Hz) and two 225-kVA APU-
driven generators. In addition to pow-
ering 230-V ac loads, the generators’
electrical power is converted into 115-V
ac and 28-V dc power to feed many of
the legacy subsystems that require
more conventional power. In addition,
+270V dc is derived from 230V ac using
an autotransformer rectifier for power-
ing the environmental control systems
and for starting the engine.
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In an MEA system,
the jet engine is opti-
mized to produce both
the thrust and the elec-
tric power. Also, the
same electric machine
that is coupled to the
engine can be used for
starting the engine and
for generating electric
power. An active front-
end power electronic
converter and dc-dc converters can be
used to generate the required dc volt-
ages, thus eliminating the need for
autotransformer rectifier units. Most
of the loads are electric, including de-
icing and the environmental control
system. Even the fuel, hydraulic, and
oil pumps, which are mounted on the
accessory gear box of the engine,
could be driven by the electric motors.

High-power-density electric
machines, power electronics, and
power distribution are the enabling
technologies for the successful
advancement of MEA. Conventionally,
for power generation, mainly synchro-
nous generators coupled to the propul-
sion engines through the accessory
gear box are used. Recently, several
other types of generators, such as
permanent-magnet synchronous
machines, switched reluctance, and
induction machines, have been exam-
ined for power generation. Similarly,
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Burns & McDonnell has joined the distinguished list of financial supporters of the PES Scholarship Plus Initiative. Jeff Camden (first on left) and

Michael Beehler (third from the left) from Burns & McDonnell meet PES Scholars John Hoffman, Travis Hinney, Aaron Rosenthall, and Nicholas

Coleman at the 2014 PES General Meeting.

Companies and individuals are
encouraged to give back to the indus-
try and pay it forward by donating to
the initiative. This donation will edu-
cate and inspire the next generation
of power and energy engineers. The
initiative needs support from individ-
uals who want to give back to IEEE

and from the industry that ultimately
benefits from gaining new engineers.

Donate to the IEEE PES Scholar-
ship Plus Initiative by visiting our
Web site (http://www.ee-scholarship.
org/sponsorship/donate-now/). Indi-
viduals and companies in Canada
can provide support for the program
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the use of different power types of
power conversion circuits including
active rectifiers are being investigated
for use in MEA systems. This issue of
IEEE Electrification Magazine focuses on
MEA technologies. The three feature
articles in this issue have been selected
to introduce the readers to the tech-
nology and challenges of MEA, electric
machines, as well as the power gener-
ation, power electronic systems, and
the simulation of a hybrid aircraft
power train.

Aerospace companies need to con-
tinue to invest in MEA-related tech-
nologies and work closely with
national labs and research organiza-
tions to develop the new-generation
architectures and technologies that

will lead to increased electric systems
to optimize their value function. The
long-term goal is an “all-electric” air-
craft, with MEA being the evolutionary
step. Meanwhile, MEA will bridge two
eras in aircraft technology as air-
planes move toward the deployment
of increased electric and electronic
systems. NASA’s future hybrid wing-
body electric airplane with a turbo-
electric distributed-propulsion system
is a step in the right direction to
achieve these goals. Terrafugia’s TF-X,
a fixed-wing street-legal aircraft with
electric ground drive and electric
power assist on takeoff and landing,
which can recharge its batteries either
from its engine or by plugging into
electric car charging stations, is also

through the IEEE PES Canadian
Scholarship Fund, which is managed
by the IEEE Canadian Foundation; see
http://www.ieeecanadianfoundation.
org/EN/donateonline.php.
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an important step for the future of
personal air transportation.
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