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ABSTRACT

The chemical energy of a hydrogen-oxygen reaction is converted directly into dc electrical energy by fuel cells (FC). PEMFCs
(Proton Exchange Membrane Fuel Cells) are a feasible alternative for electrical transportation and stationary applications. This
paper presented a PEMFC modelling approach using Artificial Intelligence. The main objective of this research is to build a model
of an 18w Polymer Electrolyte Membrane (PEM) fuel cell and test its performance under different hydrogen pressure conditions.
The physical model of the 18W hydrogen fueled PEM fuel cell is designed and tested at BHEL R&D. Additionally, a method for
predicting a PEMFC's operating temperature using the voltage and current measures is suggested and successfully tested. However,
the proposed technique is validated using experimental data from an 18W fuel cell. The analytical data and testing procedures
required for determining the parameter values used in the proposed model are specified.
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1. INTRODUCTION

Due to high efficiency, zero-emissions when running on pure
hydrogen, and low operating temperature, proton exchange
membrane fuel cells (PEMFC) are considered a potential green
power source for electrical transportation and stationary
applications. Designing a power converter capable of
conditioning the output power with high efficiency and
reliability is the major challenge of PEMFC systems. The power
converters are responsible for about 80% of the damage in the
PEMFC system. The power converter must be tested and altered
with a valid PEMFC during the design phase, and it must
therefore be validated. However, the design and implementation
of a PEMFC, including auxiliaries such as air compressor
control testing, power and energy management, and
performance optimization, will readily destroy a PEMFC.
Furthermore, the cost of testing (hydrogen utilization and
secured facility requirements) is also high for experiments with
a realistic PEMFC.

These drawbacks highlight the critical importance of
developing a real-time PEMFC emulator based on a model
material for HIL applications (Hardware In the Loop). Power
converters and auxiliaries can be validated and augmented in
real-time with a PEMFC emulator during the design process of
the PEMFC power system, with no risk to the stack and low
system running cost. PEMFC modelling has sparked a lot of
interest in the literature, where it's generally done with
sophisticated models based on the understanding of the
physicochemical phenomena [1-3]. These models require a

strong knowledge of the parameters and how it works [4-7].
These parameters for PEMFC systems are generally not easy to
determine. A PEMFC stack's transient behavior pattern is
presented in [8]. However, the intrinsic parameters of the
membrane and electrode overflowing and drying should be
identified as the ohms resistance. These internal parameters are
meaningful if the cell voltage is considered, although the
necessary Parameters were not considered in this mathematical
model. Hybrid models could meet these challenges. A PEMFC
model has been built in [9], distinguishing the cell either in a
constant or transient state. The suggested model, combined with
the electric circuit and the empirical models, is consistent with
experimental findings. However, only a small range of this
model is accurate.

However, behavioral modelling can be achieved without all
these parameters being identified employing a model known as
the "black box." These models are based on factors that can be
easily measured, such as temperature, pressure or cell current,
and the output voltage of the PEMFC is estimated. Currently,
the literature does not include dynamic models of PEMFC
systems based on Artificial Networks (ANN). However, several
models with significantly stable results [10-13] have been
developed. A static and dynamic ANN-based PEMFC model
was suggested in [13], with experimental findings. The
proposed model uses the temperature measurements, the fuel
cell current, the two gases' stoichiometry, and moisture. This
modelling approach produces good results, but it suffers from
an adverse temperature change. In [14], the high-power PEMFC
neuronal modelling is shown in which temperature
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development is considered. However, the suggested model is
static because of the non-recurring structure of the ANN [13].
Furthermore, the temperature at the anode circuit and in the
water tank is measured, not providing the fuel cell with a precise
operating temperature. An infrared camera was used in [15] to
enhance temperature acquisition in the cells.

In this work, a new modelling approach is introduced to the
PEMFC to provide a characteristic of stack voltage and evaluate
its performances based on Artificial Intelligence. The "black
box" approach consists of dynamical neural modelling with
recurrent Al structure to predict the PEMFC voltage and
operating temperature using experimental data with a high level
of accuracy.

2. MODELLING OF 18W FEMFC

The fuel cell stack block implements a generic model
parameterized to represent the most popular fuel cell stacks fed
with hydrogen and air. This model is based on the equivalent
circuit of a fuel cell stack shown in figure 1. The simplified
model shown in figure 2 represents a particular fuel cell stack
operating at nominal temperature and pressure conditions.
Figure 3 illustrates the simulation parameters of 4 cell fuel
stack. The equivalent circuit parameters can be modified based
on the polarization curve obtained from the manufacturer's
datasheet. The input in the masked the value of the voltage at
no load and the nominal and the maximum operating points for
the parameters to be calculated. A diode is used to prevent
negative current flow into the stack. The model represents a
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Figure 1. 18w 4cell fuel stack simulation block diagram

The supply of gases is adjusted according to the current so
that they are always supplied with just a bit more than needed
by the stack at any load. The maximum current the stack can
deliver is limited by the maximum flow rates of fuel and air that
can be reached. Beyond that limiting current, the voltage output
by the stack decreases abruptly as more current is drawn. The
dynamics of the fuel cell are represented if you specify the
response time of the stack on the fuel cell dynamics pane on the
dialogue box. This response time is used to model the charge
double layer phenomenon, affecting only the activation
overvoltage.By using equations(1 & 2) constructed the fuel cell
model. This research constructed and simulated the results in
the 4-cell stack simulation model, 35 and 120 cell models.
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Figure 2. 18w 4cell fuel stack simulation model
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Figure 3. 18w 4cell fuel stack simulation parameters, voltage
and power

3. PERFORMANCE ANALYSIS OF PEMFC

In this work, the practical design model, mathematical model
and simulated program were compared. The PEMFC is
simulated by using MATLAB. The pressure increases at the
anode, and the output voltage, current and efficiency are
observed for the mathematical model. Similarly, the pressure
increases at the anode and the output voltage, current and
efficiency are kept for the practical model. Finally, we
compared those results. Fuel cells open-circuit voltage (OCV)
increased with increasing pressure. Increased pressure can
effectively improve both the fuel cells reaction kinetics and the
mass transfer process, resulting in improved fuel cell
performance.

The prediction of an 18W fuel cells system using the BP
networks is investigated. The simulation results indicate that BP
networks can successfully predict the stack voltage of the FCS
by using two input variables like hydrogen pressure and stack
current in case 1. In case 2, input parameters are seven and
output parameters five are considered. Input variables are
hydrogen composition, oxygen flow rate, system temperature,
hydrogen pressure and oxygen pressure. The out parameters are
stack voltage, hydrogen, utilization of oxygen, stack efficiency
and stack power. The speed of training and the prediction
accuracy of NN is quite satisfactory.
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Figure 4. V-I Characteristics for different pressures
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Figure 5. Efficiency at different pressures

Fuel cells stack is practically constructed, and tests are
conducted. Here pressure and load are the varied inputs on the
stack, and the output parameters like voltage, current and
efficiency of the fuel cells are observed. From figures 4 & 5, it
is observed that an increase in current density at different
pressure proportionally increases operating voltage &
efficiency, respectively.

Using Simulink, the simulation model for the 18w 4cell stack
is developed with mathematical model equations, and tests are
conducted on the simulation model. The developed simulation
model consists of the input parameters like pressure,
composition, and flow rates w.r.t to fuel & air and temperature.
Fuel pressure is found to be a good input parameter to validate
the simulated model results against practical model results.
When the current density is varied at different pressures, the
output parameters of fuel cell-like voltage and efficiency are
proportionally varied. Referring to Table 1, the results observed
from the simulation model and practical model are
approximately equal, so the developed simulation model can be
used for further analysis.

The output results of the simulated model {voltage, current,
power, utilization (0. & H») and consumption (O & H»)}
observed that load is varied at different pressures (H,) & flow
rates (Hz). The output results of the simulated model (no-load
voltage) were observed by varying the following parameters
pressure (H, & O)), flow rate (H» & 0O,), temperature,
composition (H, & O), which is displayed in table 1. It is
observed that no-load voltage is more significant when the
temperature is varied when compared with other input
parameters like pressure (H, & O»), flow rate (H2 & O),
composition (H, & O,).
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Table 1. Practical and simulation comparison of load variation on FEMFC

Pressure at 0.5 bar

Pressure at 0.6 bar

S. Current Simulation Results Practical Results Simulation Results Practical Results
No (A) Voltage Efficiency  Voltage  Efficiency  Voltage  Efficiency Voltage Efficiency
(Volts) (%) (Volts) (%) (Volts) (%) (Volts) (%)
1 0 4.81 96 4.41 89.63 4.82 97 4.42 90.03
2 1 33 66 2.9 58.94 3.45 69 2.95 59.96
3 2 3.1 62 2.7 54.87 33 66 2.8 56.91
4 3 3 60 2.6 52.84 3.25 65 2.65 53.86
5 4 2.9 58 2.5 50.81 3.16 63.2 2.56 52.03
6 5 2.7 54 2.4 48.78 3.08 61.6 2.48 50.41
7 5.7 2.5 50 2.3 46.74 2.94 58.8 2.34 47.56
8 6.6 23 46 2.2 44.71 2.55 51 2.25 45.73
9 7.5 2.2 44 2.1 42.68 231 46.2 2.12 43.09
10 7.7 2.2 44 2.1 42.68 2.31 46.2 2.11 42.89

The Transient simulation model was developed and validated
with benchmark results. The results observed from the
simulation and benchmark models were approximately equal,
so the developed Transient model can be used for further
analysis. Concerning the literature and tests conducted on the
dynamic model, the dynamic simulation model for the stack
developed was based on the dynamical equations. The
developed dynamic model consists of the input parameters like
pressure, composition, and flow rates w.r.t to fuel, air and
temperature. To validate the dynamic model results against
literature benchmark model results, the fuel cell system level
model constructed using simulation. The various system level
model includes compressor, membrane hydration, anode
channel model, cathode channel model, energy balance model,
stack voltage model and capacitance equivalent circuit model
developed.

4. RESULTS AND DISCUSSION USING ANN MODEL

The ANN model for the 18w 4cell stack was developed based
on the practical results of the physical model, and tests are
conducted on the ANN model. The developed ANN model
consists of the input parameters like pressure, composition, and
flow rates w.r.t to fuel & air and temperature. Fuel pressure is
used as an input parameter to validate the ANN model results
against practical model results. When the current density is
varied at different pressures, the output parameters of fuel cell-
like voltage is proportionally varied. This can be observed in
figure 6. The simulation results indicate that BP networks can
successfully predict the 18w stack voltage of the FCS by using
only two input parameters (hydrogen pressure & accumulation
current) and one output parameter voltage. The results observed
from the ANN model and practical model are approximately
equal, so the developed ANN model can be used for further
analysis.

Table 2. Comparison of practical and simulation results from FEMFC using ANN model

Test Cases
Hb> pressure H: pressure H: pressure H> pressure

> CLEX;‘“ 0.2 bar 0.4 bar 0.5 bar 0.6 bar
Practical ANN Error Practical ANN Error Practical ANN Error Practical ANN Error

V) (W)Y V) V) V) V) V) V)
1 1.00 2.700 260 0.10 2.800 2.90 0.10 2900 2.80 0.10 2.950 2.89  0.06
2 2.00 2.600 2.57 0.03 2.700 2.70 0.00 2700 2.67 0.03 2.800 277 0.03
3 3.00 2.500 2.56 0.06 2.700 2.60 0.10 2600 245 0.15 2.650 2.57  0.08
4 4.00 2.400 245  0.05 2.600 2.50 0.10 2500 2.51 0.01 2.560 245 0.10
5 5.00 2.300 229  0.01 2.500 2.40 0.10 2400 234 0.06 2.480 244  0.04
6 5.70 2.200 2.19  0.01 2.200 2.23 0.03 2300 223 0.07 2.340 230 0.04
7 6.60 2.100 2.00 0.10 2.100 2.10 0.00 2200 2.10 0.10 2.250 220 0.05
8 7.50 2.000 2.00 0.00 2.000 2.00 0.00 2.100 2.00 0.10 2.120 2.00 0.12
9 7.70 2.000 2.00 0.00 2.000 2.00 0.00 2.100 2.00 0.10 2.110 2.00 0.11
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Figure 6. Test results (a) Voltage vs current density for H, pressure 0.2 bar, (b) Voltage vs current density for H, pressure 0.4 bar,
(c) Voltage vs current density for H, pressure 0.5 bar, (d) Voltage vs current density H, pressure 0.6 bar

5. CONCLUSIONS

This paper proposes an artificial Intelligence model of a
PEMFC voltage and operating temperature prediction behavior.
First, the FFNN was trained offline with experimental data to
prevent PEM fuel cell voltage without any analytic
relationships. The neural model approximates a PEMFC stack
voltage with great precision compared to the literature model.
In effect, a tracking errosr of less than £0.5% is proposed in the
approach, whereas a comparative method is around £20%. The
operating temperature of a neural network was then introduced
and tested using experimental data based on the feed-forward
neural network (FFNN). The FEM Fuel Cell is tested under
different pressure conditions in the simulation model and
empirical test conditions. The ANN model with simulation test
results is compared with experimental results and validated.
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