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 : Abstract
 This paper proposes novel Fuel Cell Auxiliary Power Unit (FCAPU) for J150+ aircraft application. The primary
 t engineeversion of APU in J150+ aircraft is a gas turbine Auxiliary Power Unit (APU) which is based on gas turbine j
 iency.cbut in the suggested FCAPU, the generated electrical power is achieved from chemical energy with higher effi
 The Solid Oxide Fuel Cell (SOFC) technology is used to generate the electrical energy and MATLAB software is
  toyapplied to simulate the SOFC performance in the J150+ aircraft. The simulation results show the FCAPU abilit
 APU. Index generate the proper electrical energy with lower cost and higher reliability in comparison with the ordinary

 Terms - Auxiliary Power Unit, Generator, Fuel Cell, Aircraft

Submission date: 22, April, 2015 

Conditionally Acceptance date: 30, Dec., 2015 

Acceptance date: 31, July, 2016 

Corresponding author : Hamid Radmanesh 

Corresponding author’s address: Electrical Engineering Department, Shahid Sattari Aeronautical University of 

Science and Technology, Tehran, Iran 

D
ow

nl
oa

de
d 

fr
om

 ji
ae

ee
.c

om
 a

t 1
3:

40
 +

03
30

 o
n 

T
hu

rs
da

y 
D

ec
em

be
r 

5t
h 

20
19

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

4.
9.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
26

-0
6-

06
 ]

 

                               1 / 6

http://jiaeee.com/article-1-464-en.html
https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.4.9.6
http://jiaeee.com/article-1-464-en.html


1396ستان  زم  -شماره چهارم -چهاردهم سال -مجله انجمن مهندسین برق و الکترونیک ایران  

Journal of Iranian Association of Electrical and Electronics Engineers Vol14 No.4  W
inter 2017

111111111111111111111111111  

1. Introduction 

Aircraft is one of the growing sources of greenhouse 
gas emissions. The European Union is going forward to 
decrease aircraft emissions [1-2]. On the other hand, 
there is increasing interest about “more-electric” 
aircraft. The idea of More Electric Aircraft (MEA) is to 
replace the pneumatic and hydraulic systems with 
electrical power. The move towards MEA has been 
directed using larger power generation which leads to
more gas emissions. Auxiliary power unit (APU) is a
gas turbine mounted usually in the tail of the aircraft. A
large part of total emissions of an aircraft is produced 
by the APU. APU is not efficient and is large sources 
of heat and emissions [1]. One of the purposes of APU 
is providing electrical energy (115VAC, 400Hz) for 
aircraft systems during ground conditions. Here the 
main engines are off and APU provides electricity 
power for an aircraft. Another utilization of APU is in 
emergency conditions, when one or two main electrical 
generators are lost. A fuel cell is a system that 
combines hydrogen and oxygen as a fuel to produce 
electricity, heat, and water [3]. The APU will be 
replaced by a Fuel Cell Auxiliary Power Unit 
(FCAPU) system to reduce pollution. Fuel cells are an 
energy aircraft manufacturer’s dream: an efficient, 
combustion-less and pollution-free power source. Fuel 
cells are an alternative power source to provide the 
electric power for the more electric aircraft [4-5].  
Unlike the APU, the FCAPU would be more efficient. 
The FCAPU not only has no exhaust, but also it has 
warm air and pure water, both of which could be used 
onboard the aircraft. So far most studies have focused 
on using fuel cells as a battery in aircraft. Few studies 
have been done on examining to replace APUs with 
fuel cells [6-8].
Generally, two kinds of fuel cells has been used as 
follows: 

Low temperature Polymer Electrolyte 
Membrane Fuel Cell (PEMFCs) 
High temperature Solid Oxide Fuel Cell 
(SOFCs)  

Both of them seem to be conceivable to enter the 
aviation markets [9]. However, in this paper, it is 
shown that SOFC has much higher efficiencies and 
thus potential to replace conventional APU. The SOFC 
has a solid oxide electrolyte. Benefits of this include 
stability, low emissions, high efficiency, fuel flexibility 
and low cost [12]. The operating temperature is among 
500 and 1,000 °C, which leads longer start-up. 
However, makes this suitable candidate for some 
application in aircraft such as APU systems [12]. 

2. Integration of fuel cell to electrical 
power system 

The electrical power generation of J150+ contains: 
Two engine-driven alternating current
generators with nominal power 90kVA 

An auxiliary power unit (APU) alternating
current generator with nominal power 90kVA 
An emergency generator with nominal power 
5kVA that spontaneously outspreaded in case 
of main generators loss 

In normal configuration, both Main AC Buses are split 
and each engine-driven generator supplies it’s 
associated. Main AC Bus by its Generator Line 
Contactor (GLC) and Vital AC Bus (VAB) is normally 
powered from Main AC Bus by a contactor. DC 
Battery Bus and the Vital DC Bus (VDB) are normally 
powered by the transformer rectifier unit (TRU). Two 
batteries are jointed to the DC Battery Bus (DBB) by
the Battery Charge Limiter (BCL). 
In case of Loss of one or two main electrical generators 
(IDG1 & 2), The APU would now power both sides of 
the electrical system. In Fig. 1, the conventional APU 
is replaced by the proposed FCAPU. The proposed 
FCAPU directly produces DC electrical power and the 
power converter is used to provide power to 115VAC 
Buses.  

 
Also during emergency condition, Fuel cells are not 
capable to supply the power demanded since they have 
a very slow response. The FCAPU like main electric 
power supplier can locate in the center of the aircraft; 
this makes the distances to major load centers are 
minimized. Also the anti-ice systems on the wings can 
use heat from the fuel cell exhaust as shown in Fig. 2. 

Fig. 2. Application of heat from the  cell exhaust to anti-
ice systems 

 
 

3. Proposed FCAPU structure 

The proposed FCAPU includes two fuel cell stacks, a 
DC/DC boost converter, DC/AC converter, multiple 
controllers and an energy storage system. Since fuel 
cell has a very slow response, the energy storage 
system will provide instant power [10]. 
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Fig. 1. Single line diagram of the restructured distribution network of the j150+ aircraft
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Fig. 3 The proposed FCAPU structure 

3.1. Fuel cell model 
SOFCs are a category of fuel cells determined because 
of utilization of a solid oxide material as an electrolyte.
SOFCs apply a solid oxide electrolyte to conduct 
negative oxygen ions travel from positive side  

(cathode) to the negative side (anode) as shown in Fig. 
4. The electrochemical oxidation of the carbon or 
hydrogen monoxide with oxygen ions therefore 
happens on the negative side. The fuel reacts with 
oxygen to produce electricity. The SOFC reactions are:
  
Anode: H2 + O-2  H2O + 2 e- 
Cathode:  1/2O2 + 2 e-  O-2 
Overall: H2 + 1/2O2  H2O 

Per cell voltage is 0.7~0.85 V and can be calculated 
using equation (1): 

0 (1)cathode anodeV E iR

where, 
0E : Nernst potential  

Rω: Thevenin equivalent
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cathode and anode :account for the remaining difference 
between the actual cell voltage and the Nernst potential 
[11]. 

In In

Out Out

Anod Cathode

H2

H2 & H2O

Electric Load

O2

O2

 
Fig.4. Diagram for SOFC 

As mentioned, fuel cells generate small electrical 
voltages, to deliver the demanded energy; they 
combined in series and in parallel to higher voltage and 
current levels, respectively. Such as a design is named 
a “stack”. The stack frame intended this work is like to 
reference [12] with a little changes. In [12], the FC
design is based on the Delphi Gen4 stack; Power 
density at 0.825V/cell in the active area 2508 /cm cell of
the cell is estimated to be 0.76 watt/cm2. The FCAPU 
comprised two shunt stacks. Each stack comprises 97 
cells (total of 194 cells) in order to prepare
97*0.825 80Volt and the total power for two stacks
is:

2

2 (2)508cm 0.76W194cells * * 80 kW
cell cm

 Table I lists the SOFC characteristics used in this 
paper.  

table. 1. 
SOFC characteristics 

Operating Temp. (°C) 800-1,000
Electrical Efficiency 44%-50%

Power Density at 0.825V/Cell 0.76 watt/cm2 
Active Area

A. Electrolyzer Model 

In this paper, oxygen flow rate and fuel control at 
desired values has been proposed in [10]. Electrolyser 
operates in four main conditions: 

In normal configuration  
 In case of loss of one main electrical 
generators:   
In this condition one or two generators is 
running due to VAB is supplied and a portion 
of its energy is traveled to the electrolyser to 
produce oxygen and hydrogen for the 
utilization in the other mode. 
Aircraft start-up or in case of loss of two main 
electrical generators 

The reserved oxygen and hydrogen are traveled to Fuel 
Cell in order to produce electrical energy for aircraft 
start-up as shown in Fig. 5. 

Vital AC Bus

Electrolyzer

H2
tank

O2
tank

SOFC

wing anti ice systems 
 

Fig. 5. Configuration of SOFC with electrolyzer, O2 and 
H2 tanks 

3.2. DC/DC boost converter Model 

The DC/DC boost converter performs the function 
voltage regulation. This is a power converter that rises 
up the input 80V voltage to generate a superior 115V 
output voltage. The DC/DC boost converter and its 
control structure are illustrated in Fig. 5. DC/DC boost 
converter comprises: 

One switch, (a MOSFET or IGBT (SW1)) 
Diode (D) 
Inductor (L)  
Capacitor (COUT). 

The function of the DC/DC boost converter is a switch 
that control an inductor. The inductor alternatively 
stores energy with connecting to source voltage and 
discharging this energy into the load [13]. 

Vin

L
sw

Q

SClock
V_ref

V_fb
Feedback(fb)

R_2

R_1R_load

Sawtooth Ramp

Control Vc
+
- +

-

R_esr

Cout

V_out

R

Fig. 6.DC/DC boost converter and control structure

PWM technique is required for regulating Duty Cycle 
(D) to get the demanded voltage output. The feedback 
voltage is compared to the reference voltage to make 
an error signal by the trans conductance of the error 
amplifier. After passing the compensation impedance, 
the error signal was converter to control voltage, Vc, 
and was connected to the PWM. Then Vc is compared 
with a sawtooth ramp. Whenever the output voltage 
alters, the Vc alters and due to the D of the power 
switch to alert. This alter of D regulate the output 
voltage to decrease error to zero. The output and input 
voltage ratio is controlled by the D according to the (3).
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1
1

(3)out inV V
D

3.4. Inverter Model 
Fig. 7 shows the structure of a three-phase PWM 
inverter connected to DC/DC boost converter output 
and aircraft’s transfer bus. The inverter comprises [14-
18]:

A three-phase bridge.  
A three-phase filter to eliminate the distortion 
in the voltage waveform produced at the ac 
side of the inverter. 
line inductors to restrict the rate of change of 
the current flowing through the ac side of the 
inverter 
current and voltage sensors  
A current control loop  

Three-phase bridge

DC/AC 
converter 

output

Line inductors
and

Filter

Transfer bus of 
Aircraft

I

I

I

Current sensor

Current control loop

E

E E

Current feedback

Voltage feedback and phase reference

Active current 
command

Reactive current 
command

Fig.7. Structure of a three-phase PWM inverter 

The three-phase inverter is connected to DC/DC boost 
converter output and aircraft’s transfer bus.

4. Simulation results 
The performance of the proposed FCAPU is 

simulated in MATLAB/SIMULINK. A 3-phase 
inverter is used after DC-DC converter to connect it to 
main AC bus of the j150+ aircraft. 

Fig.8 . Output voltage of DC-DC converter without 
implementing filters 

Fig 8-10 show DC-DC converter’s output voltage, 
applied to the inverter. Moreover, Figs. 9 and 10 shows 
the 3-phase for worse and best THD circumstance. The 
proposed FCAPU could generate the Oxygen usage for 
aircraft. Simulation results successfully show ability of 
the proposed FCAPU in twin engine aircraft 
application.

Fig. 9 . Inverter’s output current in worst case THD 

Fig.10 . Inverter’s output current in best case THD 

5. Conclusion 

Potential benefits of utilization fuel cells as an 
electrical power source include reduction in aircraft 
engine size, efficient energy conversion, and low gas 
emissions. The most expectancy type of fuel cells for 
commercial aircraft is SOFC. Several technical 
challenges exist to incorporating fuel cells as power 
sources in J150+ aircraft. Challenges for fuel cell 
development include continued development of 
electrical actuators, efficient power control systems,
and high power electronics. Each of these is needed to 
enable the MEA architecture necessary to fully utilize
fuel-cell-generated electricity.  
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