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Abstract – This design paper proposes few improvements on
the existing electrical network in the aircraft system. It also
suggests improvement in the starter circuitry by introducing
super capacitors to reduce the number of batteries onboard to
ensure improved safety and reliability. It proposes higher
frequency of power distribution owing to several benefits.
There are several advantages of high frequency AC power
distribution over conventional DC distribution and low
frequency AC power distribution. This paper explores the idea
of employing switched capacitor and switched inductor
converters to design multi-level inverters for high frequency
AC power supplies for power distribution.
Keywords – Electric Aircraft, Multi – level inverters, Switched
– Capacitor, Switched – Inductor.

I. INTRODUCTION
High frequency AC (HFAC) power distribution systems
(PDS) have been popular since the 1980s when NASA
proposed a 20 kHz, 440 Vrms, for their space station [1] &
[2]. Since then HFAC PDS has emerged as a popular
research area and has had several applications utilizing it.
HFAC PDSs find application in telecommunication,
renewable based micro-grid and computer power supply,
aerospace and lighting systems. A comprehensive review
on HFAC systems has been done in [3].
Basic power distribution architecture of HFAC PDS and
DC PDS is clearly shown in Fig. 1 and Fig. 2. HFAC PDSs
offer several benefits in comparison to conventional DC
distribution systems. They include –
 Cost reduction due to reduction in the number of power
conversion stages.
 Overall improved efficiency
 DC PDS target low voltage high current PDSs. Such
systems are extremely difficult to design and demand
novel control and converter topologies for efficient
operation. On the other hand, a high voltage AC, low
current system can be easily realized in HFAC system
by using a simple HF transformer that easily steps up
the voltage. This helps in minimizing the copper loss.
 Improved reliability with the number of power
conversion operations decreasing thereby decreasing
the semiconductor components
 Galvanic isolation with high frequency transformer
 DCPDS show poor dynamic response in comparison
with HFAC PDS
 Higher power density owing to high frequency
operation.
In spite of several exceptional advantages, there are a few
drawbacks to the system as well, listed out below –
 Higher Electromagnetic Interference (EMI) effect
hinders HFAC applications
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 At high frequencies, skin and proximity effects
increases leading to more loss.
 High frequency power distribution amplifies impedance
in the transmission line which makes it difficult to
transmit power
 Connecting high frequency inverters in parallel to
realize higher power is difficult due to difference in
phases of voltage.
This design paper discusses the advantages of employing
HFAC PDS systems on aircraft and also explores the idea
of switched capacitor and switched inductor based
converters’ role in designing multi-level voltage source and
current source inverters respectively, for more electric
aircrafts. Switched inductor converters can be derived using
duality principle introduced by Prof. Cheng [4]. Switched
inductor based converters are an attractive solution to be
used current source inverters. Section II introduces aircraft
power system standards and discusses about the existing
aircraft power system and suggests improvement on the
same. Section III looks into HFAC multilevel inverters
employing switched capacitor and possibly switched
inductor topologies. Concluding remarks are given in
section IV.
II. POWER SYSTEM IN AIRCRAFTS
The power system design and components of an aircraft
must be extremely robust and must meet certain stringent
standards before they are allowed to be employed onboard.
Some of the important standards include:
1. MIL-STD-704F – This standard focuses on the
quality of electric power at the input terminals of
the utilization equipment. However, this does not
include EMI issues [5]
2. MIL-STD-461E – This standard is to control EMI
characteristics of electrical equipment of aircraft.
[6]
3. MIL-STD-810F – This looks into the stresses that
the materials are under during the service period
and material system performance requirements [7].
4. MIL-STD-1275D – This standard covers
regulations for the 28 V DC power distribution
systems in military vehicles including aircraft [8].
All the standards listed above are developed by the team of
researchers from the department of defense, USA. The main
focus of the standards is to ensure safety and compatibility
among different systems onboard. All systems for an
aircraft have to pass several such standards before they are
employed in the aircraft.
Conventional power distribution system of an aircraft is
shown in Fig. 3. With advances in enabling technologies
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Fig. 1. General DC Power Distribution Architecture

Fig. 2. HFAC Power Distribution Architecture
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Fig. 3. Present aircraft electrical power system unit
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Fig. 4 Proposed electrical system architecture

like power electronics, motor drives, improved thermal
management and better materials, all electric aircrafts will
soon be a possibility. All electric aircrafts offer improved
efficiency, reduction in cost, better reliability, maintenance,
improved reliability, batter maneuvering capabilities,
enhanced safety and greener systems. A recent example is
the electrical system of Boeing’s 787 dreamliner [9] [10].
From Fig. 3, it can be observed that the maximum
distribution frequency is 400 Hz. There have been several
papers on higher frequency range of power distribution for
telecommunication, computer power supply, vehicular
auxiliary power supply and micro grid applications [3]. It is
imperative that we employ such systems inside aircraft for
aforementioned advantages. The proposed system, in Fig.
4, replaces 28 Vdc system with a 36 V, 50 kHz power
distribution system. The entire aircraft power distribution
now is HFAC. This helps in higher power density operation
which helps in reducing fuel consumption. HFAC operation,
higher than 10 kHz, is safer for human than DC [11].
The new design also incorporates super capacitors into the
system. The main purpose of introducing super capacitors
is for its high power density. It can be extremely useful
during starting of engine where traditionally bulky batteries
are used. Additionally, super capacitors are much safer than
batteries as they utilize electric field whereas batteries use
chemical reaction for energy conversion. Due to the same
reason, super capacitors have quicker response time in
comparison to batteries. Ideally, one can expect a battery
free future electric aircraft. However, this is possible only
if research leads us to high energy density super capacitors
or reliable fuel cell technology.
Super capacitors also play a crucial role in tapping the
regenerative energy when the aircraft lands. Enormous
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weight thrusts onto the ground and this energy can be used
by using the principle of regeneration of motors. Safe
energy harvesting on a large scale is possible by employing
large super capacitor banks that can sink in high magnitudes
of current. This system design is not easy with only batteries
as the power source as batteries have lower charging current
rating in comparison with super capacitors and therefore all
energy regenerated may not be successfully stored.
III. HF MULTILEVEL INVERTERS
There are plethora of advantages that multilevel inverters
offer in comparison to traditional ones [11][12]. In general,
they include –
1.
2.
3.

Better quality output voltage with lower
distortions and dv/dt.
Input current drawn has low distortion.
Lower voltage rating and stress on semiconductor
switches

HFAC multilevel inverters are possible by using simple
switched capacitor techniques as elaborated in [13][14].
These inverters fully utilize the features of multilevel
inverters and apply it to high frequency power distribution
systems. These multilevel HFAC inverters can be employed
in aircraft systems. A distributed power system consisting
of several inverters to cater to different areas of the aircraft
loads under a unified controller for the entire aircraft would
be a novel and practical design. Using the duality principle
[4], future electric aircraft with solar panels embedded onto
them can employ multilevel high frequency switched
inductor based current source inverters. An example of
switched inductor based multilevel CSI derived from
switched capacitor based has been shown in Fig.5.
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Fig. 5 HFAC 9-level switched inductor based CSI derived from switch cap based
from [14] using duality principle

IV. CONCLUSION
This competition paper focuses on simple ideas to improve
the existing electrical system of an aircraft and supports the
global initiative for more / all electric aircrafts in future. The
paper discusses the possibility of HFAC power distribution
systems inside the aircraft to utilize several benefits it offers.
Incorporating super-capacitors into the system offers
several advantages during starting and regenerative braking.
Multilevel switched capacitor and switched inductor based
HFAC VSI and CSI respectively offer good features that
improve the overall design of the power distribution system
in an aircraft.
REFERENCES

[10] Patel, Mukund R. Spacecraft power systems. CRC press,
2004, ch. 22, sec. 22.7, pp. 539-543.
[11] Kouro, Samir, et al. "Recent advances and industrial
applications of multilevel converters." Industrial Electronics,
IEEE Transactions on 57.8 (2010): 2553-2580.
[12] Rodriguez, Jose, Jih-Sheng Lai, and Fang Zheng Peng.
"Multilevel inverters: a survey of topologies, controls, and
applications." Industrial Electronics, IEEE Transactions on
49.4 (2002): 724-738.
[13] Ye, Yuanmao, et al. "A Step-Up Switched-Capacitor
Multilevel Inverter With Self-Voltage Balancing." Industrial
Electronics, IEEE Transactions on 61.12 (2014): 6672-6680.
[14] Liu, Junfeng, K. W. E. Cheng, and Yuanmao Ye. "A
cascaded multilevel inverter based on switched-capacitor for
high-frequency AC power distribution system." Power
Electronics, IEEE Transactions on 29.8 (2014): 4219-4230.

[1] Status of 20 kHz Space Station Power Distribution
Technology. NASA Publication, TM 100781.
[2] Renz, David D., et al. Design considerations for large space
electric power systems. No. N-8324552; NASA-TM-83064;
E-1535. National Aeronautics and Space Administration,
Cleveland, OH (USA). Lewis Research Center, 1983.
[3] Jain, P.; Pahlevaninezhad, M.; Pan, S.; Drobnik, J., "A
Review of High-Frequency Power Distribution Systems: For
Space, Telecommunication, and Computer Applications," in
Power Electronics, IEEE Transactions on , vol.29, no.8,
pp.3852-3863, Aug. 2014.
[4] Cheng, K.W.E.; Yuan-mao Ye, "Duality approach to the
study of switched-inductor power converters and its higherorder variations," in Power Electronics, IET , vol.8, no.4,
pp.489-496, 4 2015
[5] URL - http://everyspec.com/MIL-STD/MIL-STD-07000799/MIL_STD_704_1080/ (Last accessed 15th Oct 2015)
[6] URL - http://everyspec.com/MIL-STD/MIL-STD-03000499/MIL-STD-461E_8676/ (Last accessed 15th Oct 2015)
[7] URL - http://everyspec.com/MIL-STD/MIL-STD-08000899/MIL_STD_810F_949/ (Last accessed 15th Oct 2015)
[8] URL - http://everyspec.com/MIL-STD/MIL-STD-11001299/MIL-STD-1275D_5431/ (Last accessed 15th Oct 2015)
[9] URL - (Last accessed 15th Oct 2015)
http://www.boeing.com/commercial/aeromagazine/articles/
qtr_4_06/article_04_3.html
[10] URL - (Last accessed 15th Oct 2015)
http://www.boeing.com/commercial/aeromagazine/articles/qtr_4
_07/article_02_3.html

51

