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ABSTRACT
Proton Exchange Membrane Fuel cell (PEMFC) is one of the renewable energy system
that was recently highlighted by researchers. PEM fuel cell generates electricity through
the electrochemical reaction of hydrogen and oxygen. Finite changes in the reactant
inlet properties leads to unique operating changes within the fuel cell stack. The effect
of hydrogen inlet pressure to the operating voltage has been detailed before using a
variation of monitoring techniques. Identification analysis is required to monitor every
factor that influences the performance characteristic of PEMFC. Periodogram
monitoring technique applies a frequency domain waveform signal capable of tracing
small changes in the phase behaviour of electrical operations as external parameters are
varied. The use of this technique is provided in this paper within the scope of
monitoring the signal changes in the open voltage of a 30Watt (W) PEM fuel cell stack
as the hydrogen inlet pressure is varied from 0.1 bar to 0.5 bar. The open voltage
increases with rise in hydrogen inlet pressure and the Periodogram amplitude signal
increases accordingly. Then, the magnitudes of total tolerance voltage, the signal
characteristic of direct current voltage (VDC), root means square voltage (VRMS), and
alternating current voltage (VAC) were calculated from the voltage waveform where
losses could be identified. Therefore, the Periodogram technique has been proven
useful and practical in monitoring operation changes of a PEM fuel cell stack.
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INTRODUCTION
Currently, the rate of operation, installation and
maintenance for fossil fuel sources of energy such as
coal, diesel, and gas are on the rise to be more costly.
Furthermore, fossil fuel sources of energy will turn
into waste products which cause an obvious
greenhouse effect along with other global problems.
Sooner or later, the fossil fuel sources of electric are
going to be exhausted as the rate of electrical demand
increases per annual (Joao Neiva de Figueiredo,
2014).
Therefore, renewable energy sources are needed
to be made known and explored to overcome the
problems mentioned above. The newly introduced
renewable energy that is Proton Exchange Membrane
Fuel cell (PEMFC) provides higher energy density
and a longer lasting system compared to a battery
system (Ryan, Cha, Whitney, & Fritz, 2006). PEM
fuel cell generates electricity through the
electrochemical reaction of hydrogen from anode
inlet and oxygen from cathode inlet. Finite changes

in the reactant inlet properties leads to unique
operating changes within the fuel cell stack.
Unfortunately, the improvement of PEMFC is
disturbed as there are various parameters and
characteristic from the Fuel Cell which has not yet to
be discovered intensely especially on the power
spectrum analysis. To overcome this problem,
researchers should pay more attention to understand
the PEMFC behaviour in order to gain the best
performance characteristic (Dhirde et al., 2010).
Therefore, this research monitors the effect of
various hydrogen pressures on PEMFC by using
Periodogram method.
The performance characteristics of the PEMFC
are affected by many factors such as pressure of the
anode and cathode side, temperature, humidity of the
stack, and flow rate of the fuel supply.
Thermodynamic potential (ENernst) of the PEMFC is
also affected by the changed in hydrogen pressure
and temperature (Gao, Blunier, & Miraoui, 2012)
(Khiar, Razali, Ghani, & Chairul Imran Sutan, 2015).
Due to unique operating characteristics of individual
fuel cell stacks (Atan & Mohamed, 2014),
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monitoring the effects of varying hydrogen
properties are the first-level analysis towards
improvements
to
PEMFC
power
outputs.
Identification analysis is required to monitor the
factors that play a part in the changes of the
performance characteristic. Nevertheless, according
to F. Yang (Mishra, Yang, & Pitchumani, 2005), the
effect of concentration lost and water vapour
diffusivity (purge) would decrease as the pressure of
hydrogen is increased.
Different techniques have been used to directly
identify the effect of reactant pressure towards
PEMFC performance. Lin Wang (Wang, Husar,
Zhou, & Liu, 2003) on his paper has presented the
effect of pressure at both anode and cathode side
between a variation of 1 to 3.72 atm by polarization
curve. Apart from that, (Andreasen, Jespersen,
Schaltz, & Kær, 2009) have experimentally studied
the effect of pressure towards the PEMFC by using
the Electrochemical impedance spectroscopy (EIS)
technique. Identification analysis is required to
monitor the factors that play a part in the changes of
the performance characteristic.
Periodogram
technique
represents
the
distribution of the waveform signal power over the
frequency (Ahmad, Abdullah, Bahari, & Hassan,
2014). This technique transforms the time domain
waveform signal into the frequency domain
waveform signal. Time domain signal would only
demonstrate the time for disturbance or any changes
in phenomena that are likely to occur at the signal
(Abidin, Abdullah, Norddin, Aman, & Ibrahim,
2012). The Periodogram will gain and explain the
magnitude or phase behaviour of the signal by
referring to number individual or band of frequency
(Abidin, Abdullah, Norddin, Aman, et al., 2012)( a
R. Abdullah, Abidin, & Aman, 2012).Then, the
frequency of the signal would be estimated directly
from frequency sample values that correspond with
the peak value. It can be calculated based on the
frequency representation of the discrete-time
waveform.
Most researchers applied the Periodogram
technique on leakage current, fault detection, and
bio-medical measurement (Kia, Henao, & Capolino,
2007)(Abidin, Abdullah, Norddin, & Aman,
2012)(Tu,
Zeng,
Ren,
Wu,
&
Yang,
2004)(Kordkheili, Abravesh, Tabasi, Dakhem, &
Abravesh, 2010). Ricardo et al. (Lima, Almeida,
Mendes, & Cardoso, 2007) has analyze spectrogram
of 1A and 10A load condition with inverter and
DC/AC converter. W. Shireen and H.R. Nene
Table 1: H-30 PEMFC operation specifications.
Parameter
Reactants
Ambient temperature
Max H2 pressure
H2 supply pressures (gage)
H2 purity
H2 flow rate at max output
Stack dimension

(Shireen & Nene, 2012) experimentally study the
Periodogram of fuel cell with and without the active
filter circuit condition.
Performance monitoring of PEMFC stacks using
periodogram is a new approach for identification
analysis. Here, the wave signals generated by varying
the supply of inlet hydrogen pressures on a 30W
PEMFC stack using the periodogram method are
studied. The analytical domain is limited to the
effects on open voltage (no load) condition as a
platform for future in-depth reporting.
Periodogram analytical model:
Periodogram can be define as (A. R. Abdullah,
Saad, & Zuri, 2007):

Sv( f ) 

1 T2
v(t )e j 2 ft dt
T


T 2

2

(1)

From equation (1), SV ( ) can be defined as
Periodogram in the frequency domain and V (t) is the
voltage waveform. Thus, the root means square
voltage (VRMS) can be calculated as:
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Where 𝑓max/2 is the maximum frequency of
interest and SV ( ) is Periodogram. Direct current
voltage (VDC) can be defined as:

VDC (t) 

f
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Where ∆𝑓/2 is define as power system
frequency. Meanwhile, equation (4) shows the
alternating current voltage (VAC).

VAC (t)  VRMS (t )2  VDC (t )2

(4)

Experimental setup:
Presently, this report presents the online
monitoring of various hydrogen pressures on Fuel
cell by using Periodogram method. In this
experiment, a 14-cells open cathode H-30 Horizon
PEMFC stack with 30 watt (W) maximum power
rating was used. Dry hydrogen gas (H2) with 99.99%
purity and non- humidified has been applied as fuel
agent at the anode side. Meanwhile, cathode side
utilised air at ambient conditions since this PEMFC
is an open cathode type. Table 1 shows the technical
specification of the H-30 PEMFC.

Values
Hydrogen and Air
30oC
0.55 bar
0.1, 0.2, 0.3, 0.4 & 0.5 bars
≧99.995% dry H2
0.42 L/min
8cm x 4.7cm x 7.5cm
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≦30s at ambient temperature
40% @ at full power
8.4V @ 3.6A

Start-up time
Efficiency of stack
Performance

This experiment varied the hydrogen (H2)
pressures between 0.1 bars up to 0.5 bars while
maintaining a constant air flow at the cathode side.
The hydrogen pressure variation was obtained using
a pressure regulator. Every data at various hydrogen
pressures are taken at an open voltage condition. For
the development of this project, GW-Instek GDS-

3254 oscilloscope was used to capture the waveform
signal where the probe is connected to the current
collector plates. Figure 1 shows the experimental
setup of H-30 PEMFC with oscilloscope and the
pressure regulator to vary the pressure of the
hydrogen (H2) gas into the anode side.

Fig. 1: Schematic diagram of experimental setup with oscilloscope and pressure regulator.
the hydrogen pressure shows an increase to 0.2 bar.
The voltage for 0.3 bar pressure is then increased for
about 2% making it 10.71V. During the condition of
0.4 bar, the voltage shows an increment for 2.14% to
10.94V. A further increase by 2.9% to 11.26V was
registered at 0.5 bar H2 pressure. Figure 3 shows the
graph effect of hydrogen pressures towards PEMFC
voltage at open voltage condition. From this
experimental result, it shows that when the H2 inlet
pressure increased the voltage signal is also
increased.

RESULT AND DISCUSSIONS
Figure 2 shows the result of an experimental
voltage signal over time for 30 W PEMFC at various
hydrogen pressure conditions. These figures show a
slight decrease in the voltage in a very short period
of time this is because of the purging factor that
present from the 30W PEMFC. The time taken for
the purging factor for these PEMFC is constant for
about every 10 second. At 0.1 bar pressure the
voltage for 30W PEMFC is 10.44V. After some time,
the voltage signal has increased by 0.6% to 10.5V as
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Fig. 2: Performance voltage (V) of 30W PEMFC with different of hydrogen (H2) pressure at anode side: a) 0.1
bar H2 pressure b) 0.3 bar H2 pressure c) 0.5 bar H2 pressure.
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Fig. 3: Effect of pressure towards the PEMFC voltage at open voltage condition.
On the other hand, figure 4 shows the
Periodogram result for various hydrogen pressure
conditions. This figure represents the micro
monitoring of the voltage signal that is gained from
the oscilloscope. The signal of Periodogram shows
the distribution of the waveform signal power for the
Y-axis over the frequency (Hz) for the X-axis. Each

signal from the Periodogram figure shows that these
signals exist at the same frequency trend. However,
the value of amplitude for every different pressure is
changed. The result shows that the value of
amplitude changes as the hydrogen pressure is
changed. It shows that amplitude changes as the
existence of VAC which is distortion in the signal.
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Fig. 4: Periodogram of 30W PEMFC with different of hydrogen (H 2) pressure at anode side: a) 0.1 bar
H2pressure b) 0.3 bar H2 pressure c) 0.5 bar H2pressure
As a consequence, the comparison of the
Periodogram data of PEMFC at various hydrogen
pressures between 0.1 bar until 0.5 bar is shows in
figure 5 by converting the value of amplitude into
voltage value. By the side of 0 Hz frequency, it
shows the value of DC component of PEMFC. The

value of 0.1 bar hydrogen pressure is 10.11V.
Nonetheless, the value is 10.12V for the 0.2 bar
pressure. The value is increased to 10.42V when the
pressure is increased to 0.3 bar. The pressure of 0.4
bar and 0.5 bar respectively shows the value of
10.66V and 11.03V.

Fig. 5: Comparison Periodogram data of 30W PEMFC with various hydrogen pressures.
The Periodogram data of VDC, VRMS, and VAC
with various hydrogen pressures is presented in
figure 6. The value of VDC, VRMS, and VAC shows an
increment as the hydrogen pressure is increased from
0.1 bar to 0.5 bar. From the figure, VRMS shows the
highest voltage level compare to VDC and VAC. This
is because VRMS is the total tolerance voltage while
VDC is expected voltage value. Voltage level of VDC
is lower than VRMS with a slight different but it is still
higher than VAC. Thus, VAC shows the lowest voltage

value compared to VDC and VRMS with a considerably
large difference. It happened because the PEMFC is
categorised as DC source, thus VAC voltage presents
as distortion in this PEMFC. It shows that, the
distortion is increased as the value of hydrogen
pressure is increased. However, the value of VAC is
only in a small value. Hence, the overall results for
Periodogram data of VDC, VRMS, and VAC at various
hydrogen pressure conditions are presented in table
2.
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Fig. 6: Periodogram data of VDC, VRMS, and VAC at various pressures.
Table 2: Periodogram data of the various hydrogen pressure conditions.
Pressure (bar)
0.1 bar
0.2 bar
VRMS
10.1322
10.1419
VDC
10.1167
10.1265
VAC
0.5594
0.5582

Conclusion:
An experimental study has been performed to
monitor the variety of hydrogen pressures as a fuel
on anode side of PEM Fuel cell by using
Periodogram. It shows that the voltage performance
of the PEMFC is increased as the pressure of
hydrogen at the anode side is increased. Therefore,
this experiment shows the relationship between the
hydrogen pressures at the anode side toward the
performance of PEMFC. Apart from that, it indicates
that amplitude from the Periodogram data is changed
as the pressure of hydrogen is changed. Besides that,
the signal characteristic of VDC, VRMS, and VAC also
increased as the hydrogen pressure is raised. Thus, it
shows that the value of distortion that present in the
PEMFC is increased as the hydrogen pressure is
increased. Consequently, the signal characteristic of
various hydrogen pressures could be well presented
by using Periodogram method.
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