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Onusing PEMFC for Electrical Power
Generation on More Electric Aircraft

Jenicalleana Corcau, Liviu Dinca

Abstract—The electrical power systems of aircrafts have made
serious progress in recent years because the aircrafts depend more
and more on the electricity. There is atrend in the aircraft industry to
replace hydraulic and pneumatic systems with electrical systems,
achieving more comfort and monitoring features and enlarging the
energetic efficiency. Thus, was born the concept More Electric
Aircraft. In this paper is analyzed the integration of a fuel cell into
the existing electrical generation and distribution systems of an
aircraft. The dynamic characteristics of fuel cell systems necessitate
an adaptation of the electrical power system. The architecture studied
in this paper consists of a 50kW fuel cell, a dc to dc converter and
several loads. The dc to dc converter is used to step down the fuel
cell voltage from about 625V dc to 28Vdc.

Keywor ds—Electrical power system, More Electric Aircraft, Fuel
Cdll, dc to dc converter

|. INTRODUCTION

HE concept of More Electric Aircraft (MEA) implies

increasing use of electrical power to drive aircraft
subsystems that in the conventional aircraft, have been driven
by a combination of mechanical aircraft, hydraulic and
pneumatic systems.The objective of the MEA is to completely
replace the non-electrical power in the aircraft with electricity
[1].Thisideawas first applied to meet the military requirement
for less overall weight of the aircraft, lower maintenance costs,
higher reliability and better performance. With increased
capacity of the civil aircrafts, it has been also applied into civil
aircraft power systems.Recent advances in the areas of power
electronics, electric drives, control electronics, and
microprocessors, are already providing the impetuous to impro
ve he performance of aircraft electrical systems and
their reliability. As results, the MEA concept is seen as the
direction of aircraft power system technology [2].The
electrical power systems of aircrafts have made much progress
in recent years because the aircrafts depend more and more on
electricity. So, the voltage 28 Vdc was the classical electrical
power system from 1940 s to 1950. There were one or two dc
batteries to support the essential loads during an emergency
occasion. The voltage 115 Vac supplies the load ac.
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Therefore, future aircraft power systems will employ multi-
voltage level hybrid dc to ac systems.In a modern aircraft,
different kinds of power electronic converters, such as ac to dc
rectifiers, dc to ac inverters and dc to dc choppers are required.
So, MEA electrical distribution systems are mainly in the form
of multi-converter power electronic system.

The electrical system of modern aircraft is a mixed voltages
system which consists of the four types of voltage: 235Vac
(variable frequency), 115Vac, 28Vdc and +/- 270V dc.

In figure 1 is presented the electrical system evolution in
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Fig. 1 Electrical system evolution [3]

A. Electric power generation in MEA

The power electronics development in the last few years
reached to electrical power conversion systems on aircraft
realized with power electronics. Components used are power
diodes, transistors and thiristors.

In the literature are presented four generation electrical
power methods on the aircraft: constant frequency system (CF)
knows as Integrated Drive Generator (IDG), variable speed —
constant frequency system (VSCF) with DC link, variable
speed — congtant frequency (VSCF) with cycloconverter,
variable frequency system with the frequency between 360 +
800 Hz [4].

In the first case CF or IDG (fig. 2a) one use a mechanical or
electrical speed converter before the electrical generator. The
speed converter ensure the constant speed for the electrical
generator and so the constant frequency to the output. The
main disadvantage of this method is the presence of the speed
converter. In most cases it is a gearbox with a relative big
weight. It is well known that the weight is a critical parameter
on aircraft. The gearbox reliability is another big problem of
this method. The entire power generation system becomes
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unreliable, expensive and cumbersome.The secontioohet

VSCF with DC link (fig. 2b) is the most used on itaity
aircraft, but it is used also on some commerciaraft. In this
case one uses a dc generators and static electpomier
converters. One obtains by this way the ac voltagg
constant frequency. The method is simpler, the kteid the
entire systems decrease and the reliability ofstéic power
converters are very good.

A similar method is the VSCF with cycloconvertag(f2c).
In this case one uses an ac generator driven vétiahle
speed by the aircraft's engine. The ac variableueacy
power is converted also by power electronic intostant
frequency, constant amplitude ac power. The grdeargage
of this method is the improvement of the conveetificiency
once the power factor decrease. For this reasonusm&/SCF
with cycloconverters on commercial aircrafts, whare many
high power consumers and the power factor may deerin
some operating conditions.

The variable frequency (VF) is a more experimentathod
in present (fig.2d). Following a low cost powertsys and low

weight, one may accept in some conditions a vaiabl

frequency power system. It is considered that arraft with
such a power system has utilitarian consumers esgajiing
consumers. For example, the galley consumers degdl high
performance power systems. Although, other conssimey
be disturbed in this case (e.g. high power motad$).
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Fig. 2 Electric power generation in MEA
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Il. PEM FUEL CELL MODEL

Fuel cells have become increasingly important esrative
sources of power, offering the potential for daséiduction in
emissions. In recent years, the manufacturers ofnoarcial
aircrafts have realized that fuel cells may offeerh several
advantages (especially Boeing and Airbus) [5]-[7].

This paper focuses on integrating of polymer Etdgte
Membrane Fuel Cell (PEMFC) to the existing eleetric
generation. This type has, compared to other fekltgpes, a
better dynamic characteristics and a higher powersity.
Additionally the fuel cell has to operate constamdl achieve a
high durability.

The dc to dc converters are used to connect takcil
stacks with its variable output voltage to the bas These are
connected in series with stacks. Also the regutatibparallel
connection can be done by the converters. The talarf
power can be provided by regulation of the outmltage of
the converter [7].

The architecture studied in this paper consistsQidwv fuel
cell, a dc to dc converter and several loads.

Fuel cells are static energy conversion devicesdbavert

the chemical energy of fuel directly into electtiemergy. In

literature are presented six categories definedolew [6]-

[10]:

- Polymer Electrolyte Fuel Cell (PEFC), also calleatBn
Exchange Membrane PEM, operating temperature 60-
120°C, used in transportation demonstrations and small
power applications, power 5-250kW;

- Alkaline Fuel Cell (AFC), operating temperature 830
this used in space applications since 1960s;

- Phosphoric Acid Fuel Cell (PAFC), operating tempae
160-220C, widely used in airports, hospitals and schools;

- Molten Carbonate Fuel Cell (MCFC), operating terapae
600-800C, used in applications at limited to large
stationary power plant;

- Direct Methanol Fuel cell (DMFC), operating temgara
60-120C, used in application at portable power sources;

- Solid Oxide Fuel Cell (SOFC), operating tempera80e-
1000°C, used in applications at APU on heavy duty vehicl
or aircraft and high power applications.

For the majority of fuel cell systems, the ovexdikemical
reaction directly involved in the production of eiécity can
be simplified to obtain [10]

AnodeH, — 2H" +2¢e7, (1)

@)

Polymer electrolyte membrane fuel cell, commonlypwkn
as proton exchange membrane (PEM) fuel cell, ensply
solid polymer electrolyte. The membrane is madd effon-
like material, and is an excellent conductor footpns, yet a
great insulator for electrons. The main advant#fgeEM fuel
cell is its high power density, higher than anyeotfuel cell
type, with the exception of alkaline fuel cells. €fd are a
number of benefits from the use of solid electelyiower
corrosion is associated with the use of solid etdyte, and no
liquid management is required, as is the case ifquid
electrolytes. The solid electrolyte allows low ogérg

Cathode%Oz +2H* +2¢” - H,0.
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temperatures (between 70°C and 90°C) of fuel-cell, which is
beneficial in applications where a quick start is required. PEM
fuel cells are preferred, due to their long life characteristic, for
different application fields [10].

In this paper a PEMFC stack model from
Matlab/SimPowerSystem Toolbox library was used. The
Matlab/Simulink model implements a generic hydrogen fuel
cell stack. The model consists within two the options. a
simplified model and a detailed model. The user can switch
between the models by selecting the level in the mask.

The fuel cell stack block implements a generic model
parameterized to represent most popular types of fuel cell
stacks fed with hydrogen and air.

The simplified model represents a particular fuel cell stack
operating at nominal conditions of temperature and pressure.
To shown the dynamic behavior of a fuel cell stack a
Matlab/SimPower System model is presented. The model based
on measured data of a PEM fuel cell stack [5].

The static characteristic is approximated by a polynominal
method and is show by [7]

V(l)=-3.93710"°1 3 +0.02301 2 - 5.02291 +900

The technical data is shown on table 1. The stack is
supplied by liquid hydrogen compressed air.
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Fig. 3 The dynamic behavior of a PEMFC

TABLE |
THE TECHNICAL DATA OF FUEL CELL STACK MODELED IN
MATLAB/SIMPOWERSY STEMS

Attribute Value
Nominal power 50 KW
Nominal current 80 A
Nominal voltage 625V
Maximum power 120 kW
Maximum Power Point Current 280 A
Maximum Power Point Voltage 430V
Short circuit current 315A
Maximum response time of air 2s
supply
Maximum response time of stack 1ls
with gas oversupply
Stack Efficiency 45%
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Fig. 5 The simulation mode realized in Matlab/Simulink

Fig. 6 Voltage and current behavior of aload 1 (4200W)

I11. SIMULATION MODEL

The simulation model used in this paper is shown in figure
5. The goal of the simulation is to see if the system operates
correctly. Fuel cell parameters used for the simulation can be
found in table 1. The dc to dc buck converter is used to step
down the fuel cell voltage from 625 Vdc to 28 Vdc. The loads
were modeled as simple resistive loads. Four tasks were
considered: 4200W, 3800W, and 8400W.

In figures 6 to 8 shows the simulation results. In these
figures are presented the output voltage and output current for
each of the three cases simulated tasks.
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Fig. 7 Voltage and current behavior of a load 2(B&/)

Fig. 8 Voltage and current behavior of a load (®BA)

IV. CONCLUSION

A number of technology breakthroughs in recent yémve
rekindled the concept of a use More Electric Aifcra
Increasing use of electric power to drive airceafbsystems is
the opportunity that exists to significantly impeothe aircraft
power system performance, reliability and maintihility.

This paper presented the analyze of a fuel cedignattion
into the existing electrical generation and disttibn systems
of an aircraft through modeling tools. The architee in this
paper consists of a 50kW fuel cell, a dc to dc eoter and is
considered three loads. The simulation models liese are
presented. The results confirm that this concept adaliver
more power in electrical power system.
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