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ABSTRACT

It is important for the fuel cell integrated movable system to operate voltage and current using safety control technol-
ogy. In order to work at the convenient condition of the fuel cell system, high performance fuel cell stack with replace-
able fiber bipolar plate should be arranged with the integrated subsystem and appropriate working process. The pa-
rameters which affect the performance of PEMFC consisting of relative humidity, reaction temperature, gas inlet tem-
perature, gas inlet pressure, and hydrogen and air flow rate. This study is to develop the integrated movable system on
distributed power generation and backup power application, such as oxidant supply system, fuel supply system, heat
management system, water management system, and power conditioning system. It comprises a novel PLC (Program-
mable Logic Control) system and human-machine interface. The controller is developed to control fuel cell system and
record the operation data by using data acquisition system. The controller can be applied to high performance stack
and system to obtain the best performance. The easy-taken high capacity hydrogen barrel embedded into steel plate of

this movable system and more convenient than other fuel cell system.
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1. Introduction

Many researchers have discussed the importance and the
need for well designed control system for fuel cell power
supply. From the discussions with control engineers and
researchers in the area of fuel cell technology, it became
apparent that a comprehensive development with a con-
trol-oriented approach to modeling, analysis, design, and
cost down was needed. To replace conventional power
sources, fuel cell systems must exhibit exceptional per-
formance, efficiency and reliability. Important properties
that affect the performance of PEM fuel cells include
transport of reactants and byproducts, rejection of the
heat generated by electrochemical reactions or by the
current passing through the fuel cell and control of fuel
cell stack, hydrogen fueling, reaction temperature, air
supply, cooling, PLC controller, power conversion, and
data acquisition to maintain adequate electrolyte conduc-
tivity [1].

Fuel cell systems offer clear and efficient energy pro-
duction and are currently under intensive development by
several manufactures for both stationary and mobile ap-
plications. The viability, efficiency, and robustness of the
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fuel cell technology depend on understanding, predicting,
monitoring, and controlling the fuel cell system under a
variety of environmental conditions and wide operating
range. The system is not optimized in weight and dimen-
sion; it is only a first low-cost prototype, useful to dem-
onstrate the technology of fuel cells on stationary power
sources to obtain direct information on operating tests.

The development of new fuel cell control system and
the application to household appliances or standby power,
such as the hydrogen supply system, air supply systems,
cooling and heat recycle loop, cooling circulation system,
power conversion system, and advanced intelligent con-
trol systems, fuel cell power generation system can be
operated under the best conditions, while the develop-
ment of fuel cell controller and the control method and
measured fuel cell data can facilitate the search for the
best fuel cell design and operating conditions, and finally
provide high-efficiency and high power density. The
proton exchange membrane fuel cell group is required by
the conditions of the target

2. Movable PEM Fuel Cell Control System

The intelligent movable PEM fuel cell with replaceable
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fiber bipolar plate control system is the center of the fuel
cell system, and the success in integrating a fuel cell sys-
tem relies on the proper operation of each component in
the system, as shown on Figure 1 (Functional block dia-
gram of the fuel cell control system). The major compo-
nents of fuel cell system includes a high pressure gaseous
hydrogen cylinder, an air compressor, a humidifier, sole-
noid valves, pressure regulators, sensors (for tempera-
ture, pressure, voltage, and current), cooling fan, con-
verter, inverter, touch panel, PLC controller, pipes, and
fittings. They are grouped into subsystems by PLC con-
troller and will be discussed in detail in the following.
The design and construction of these subsystems are
based on the PEM fuel cell operating conditions listed in
Table 1. It is noted that fuel cells become contaminated,
such as air compressor supply subsystem, air fan cooling
subsystem, hydrogen fueling system, and PLC controller
system. Such requirements means that many of the com-
ponents have to be carefully selected, custom-built, or-
dered form laboratory supply companies, and friendlier
human-machine interface.

2.1. Fuel Cell

Several PEM fuel cell models are reported in the litera-
tures [2-9] base on the thermodynamic and electrochemi-
cal equations. In most of the cases, the dynamic behavior
of the fuel cell stacks is analyzed for constant hydrogen
pressure operation only for simplicity. The effect of
changes in inlet fuel pressures and operating tempera-
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tures of PEM fuel cell models are also addressed [2]. It
has been observed that the fuel cell can be operated dra-
matically within the linear region by changing the inter-
nal resistance offered by the fuel cell stack with different
loading conditions under different hydrogen pressure
operations. Real et al. [4] proposed a semi-empirical for-
mulation of fuel cell model based on theoretical and ex-
perimental results.

The fuel cell stack not only provides the propulsion for
the stationary electric supply but also powers the compo-
nents of all subsystems, like the water pump. The fuel
cell stack can be operated under a wide range of voltages
(30 - 48 V). Thus, it is directly powered by the fuel cell
stack of a range dynamic voltage. The electric power sup-
plied to the supported components from the fuel cell stack
should be regulated in voltages using dc/dc converters

The air supply subsystem provides the fuel cell stack
with clean air of RH > 80% (relative humidity). As
shown in Figure 1, the ambient air is drawn into the oxi-
dant feeding line and through a particular-designed filter
by using a fan-blower to keep it away from dusts or par-
ticle. A load-following technique is employed in the de-
sign of the oxidant supply subsystem, that is, the blower
varies its flow rate in order to meet the requirement of
oxidant for the electrochemical reaction. This can be
achieved by changing the motor speed via a pulse width
modulation control. The strategy of the cathode oxidant
supply in different power conditions is summarized as
follows:
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Figure 1. Functional block diagram of the fuel cell control system.
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Table 1. Characteristic data of fuel cell stack.

Specification

Number of cells 60
Nominal power (at 0.7V/cell) 0.8 kW
Nominal voltage 37V
Nominal current 27T A
Peak power (at 0.6V/cell) 1.0 kW
Active area (cm?) 100 cm?
Operation conditions
Anode (pure H,)
Pressure 150 kPa
Temperature 25°C
Relatively humidity 100%

Cathode (Air)

Pressure Ambient pressure
Temperature 25°C
Relatively humidity 100%
Stoichiometric ratio 25

1) At low power consumption, the air flow rate is kept
at a constant level that supports the electrochemical reac-
tion.

2) At high power consumption, the air flow varies in
order to meet the manufacturer’s recommended stoichio-
metric ratio larger than 2.5. As the power delivery by the
fuel cell increases, the blower motor speed increases in
order to provide more oxidant to the cathode side. This is
because the stoichiometric ratio is less than 2.5. Con-
versely, the blower motor slows down as the fuel cell
power is reduced. Such an action benefits the system
efficiency through power saving.

3) As the fuel cell system starts or resets, the blower
runs with full power in a short period of time in order to
remove the water and/or inert gas inside the cathode.

In the above conditions, the stoichiometric ratio of the
cathode oxidant is always larger than 2.5. The purpose of
the high oxidant stoichiometric ratio is not only to supply
enough oxygen to the cathode but also to remove the by-
product water from the cathode using a strong cathode
stream [10,11]. Reactant humidification is critical to the
performance of a PEM fuel cell stack, particularly in the
cathode side and use replaceable fiber bipolar plate of
fuel cell stack.

Controlling the PEM fuel cell operation requires a
smart microcontroller together with the proper algorithm
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that can start monitor and shut down the fuel cell system
safety under all possible operating conditions. As shown
in Figure 2, easy-taken high capacity hydrogen barrel
embedded into steel plate of this movable system and
more convenient than other fuel cell system, the micro-
controller is capable of monitoring the voltage, current,
temperature, and pressure. It also takes appropriate ac-
tions in order to drive the external devices such as air
blowers, solenoid valves, water pumps, and turbo-fans. A
remote LCD display located on the board is interfaced
with the microcontroller in order to monitor the output of
the system. In addition, the voltage of each cell within
the fuel cell stack is monitored by a 60-channel analog
multiplexer in order to detect if the individual cell fail-
ures or not. Custom-built analog isolation amplifier cir-
cuits are used to isolate the microcontroller from the fuel
cell stack’s high voltage. When the emergency shutdown
occurs, the microcontroller will store the current system
parameters. These parameters can be read directly from
the LCD display or downloaded to the personal computer
through the RS232 communication port. The system
supply two 110v plugs at each side of steel plate on this
system. Therefore, in emergent situation, this high per-
formance fuel cell stack with replaceable fiber bipolar
plate movable fuel cell system can supply emergent power.
The PEM fuel cell main controller PLC module can
receive multiple digital/analog input signals and then
activate digital/analog output signals to control system
components. By the way, the automation operation and
real-time monitoring of fuel cell system can be done via
programmable sequence control. The power transforma-
tion system mainly includes the DC/DC converter and
DC/AC inverter. The small amount of voltage generated
by battery pack is transformed to 24V DC via DC/DC
converter to provide the required power of control device

Figure 2. Integrated movable system of fuel cell.
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components. The most electrical power usage is through
the DC/AC inverter to become 110 V AC 60Hz. The data
acquisition system (DAS) includes the main touch screen
and CF memory card. The PLC synchronization signal
measurements are recorded and stored in the CF memory
card. The data can be saved in the computer for further
analyses.

2.2. Power Supply

The power conditioning system provides regulated DC or
AC power appropriate for the application [12,13]. It is
the major component of fuel cell system. The output of
fuel cell power is an unregulated DC voltage and needs
to be conditioned in order to be of practical use. The
power conditioner section converts the raw power into
useable power for different applications. The power con-
ditioning unit also controls the frequency of electricity
and maintains harmony to an acceptable current from
fuel cell to suit the electrical needs of the application.
The general configuration of the system will be the buck
converter followed by a fuel cell stack and then proc-
essed by an inverter. The buck converter for the fuel cell
will be operated in the voltage control mode. The block
diagram of the power conditioner with the fuel cell con-
trol strategies incorporated is shown in Figure 3. There
are two separate control loops for dc/dc converter control
and the dc/ac inverter control. The unregulated output
voltage (DC 30 - 48 V) of fuel cell is fed to the dc/dc
buck converter. Being unregulated, it has to be adjusted
to a constant average value (36 V) by adjusting the duty
ratio to the required valve. The voltage is bucked de-
pending upon the duty ratio. The duty ratio of the buck
converter is adjusted with the help of a fuzzy logic con-
troller from PLC link and touch panel.

2.3. Power System and PLC Control Procedure

Control process description of PLC control system is
shown in Figure 4. When the power control system starts
(for control power supply Power ON), fuel cells enter the
start state. Right now, this system uses the temporary
battery power to backup from control system. (Battery
power supply DC24 V). Then control system first checks
hydrogen and nitrogen gas supply pressure which only
has a limited range. If something wrong happens in the
system, the warning messages will activate from human-

H, 1 kW PEM DC/DC DC/AC Apply/
Air " fuelcell [ Converter [* Inverter [ Load

_______________ ~711. Fuzzy PLC controller
2. Touch panel

Figure 3. Intelligent fuel cell control system block diagram.
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machine interface of touch panel display

Be sure to avoid mixing hydrogen and air in the pipe-
line. Nitrogen gas must purge the pipeline beforehand to
clear the remained hydrogen gas before operation. After
nitrogen gas purging is finished, hydrogen and air begin
to supply. At this moment, hydrogen and oxygen start to
supply to the fuel cell stack and then power can be pull
out. Control system continued to monitor the fuel cell
output voltage and temperature. When the fuel cell load
output voltage is above 48 V, the system is ready to
reach the normal start state (Standby). The power from
the fuel cell stack will supply to battery system. In the
mean time, the battery charges until it achieve full power
status and then it automatically turns off.

2.4. Operation Flow Chart

When the voltage, current, and operating temperature
setting value of fuel cells approaches the operating range,
it is the normal operation of the system state. In the nor-
mal operation of the state it is divided into four parts and
is described as shown in Figure 5

In the fuel cell standby condition, the power from fuel
cell system can feed the required consumption of electric
power in system. It also feeds AC load through the
DC/AC inverter. Via the voltage converter, the fuel cell
output voltage converts from DC 30 - 48 V to DC 24 V.
After 1 second, it starts to convert DC 24 V into AC 110
V (60 Hz). If the load control rely is normal, the AC 110
V electricity will supply to the household appliance. If it
detects an inverter problem after 5 seconds, a warning
message from the Human-Machine Interface will inform
the operator and also record the message.

The amount of air flow varies with the load and fuel
cell operation temperature. Without the extra load, the air
flow keeps 45% of the output supply in order to maintain
the operation of fuel cell stack. When the load increases,
the output current also increases and the air flow in-
creases for the output need

The fuel cell’s vent valve can automatically adjust the
purge time to follow the different output power. From a
1kW fuel cell, the purge time can be set as

L: 0 W = output power < 300 W Purge OFF 20 sec-
ond, Purge ON 0.3 second

M: 300 W = output power < 600 W Purge OFF 15
second, Purge ON 0.4 second

H: 600 W = output power < 1000 W Purge OFF 10
second, Purge ON 0.5 second

In the water and heat transfer management, the cooling
water circulation system can maintain the temperature of
the fuel cell in operation condition. When the fuel cell’s
temperature is higher than the preset operating tempera-
ture, cooling fans pump starts to power on to cool the
system. When the water temperature is too high, the sys-
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Figure 4. Flow chart diagram of PLC control system.
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Figure 5. The normal operation of the state flow chart.

tem self-switched fan starts to emit more of the heat and
maintain the fuel cell operating temperatures in the
proper range. The cooling fan speed will change with the
temperature measurements that the higher the tempera-
ture it is, the faster the fan speed needs to cool the sys-
tem.

2.5. Control Circuit Design

n order to replace the traditional-style control interface,
reducing costs and increasing flexibility and production
management, computers, controllers and PLC devices via
a standard communication interface between the multi-
connect should be arranged appropriately, as shown in
Figures 6 and 7. The controller can do the communica-
tion between people and machine friendly. It establishes
a friendlier human-machine interface. Graphical monitor-
ing control system is shown in Figure 8. Department of
monitoring the computer graphical user interface through
a communication interface, through on-site controller,
on-site equipment, the operation or set the parameters
were issued by the command. Meanwhile, it will be on-
site equipment operation status and operation informa-
tion for graphic display on the monitor of the computer
screen. The operator is operating on-site equipment to
clear the situation, and adequately operate the machine in
order to enhance the production availability factor.

Copyright © 2011 SciRes.

3. Results and Discussions

Smart Movable Fuel Cell Control System for Human-
Machine Interface Planning and Function The color of
switching solenoid valve on Human-machine interface
(Touch Panel) represents the status of system. The green
color means open and red means close. It includes the
inspection of hydrogen and air inlet pressure. 1 kW fuel
cell system consists of three motor-driven components
(air compressor, cooling water circulation pump, and
cooling fan). The operator can stimulate the motor opera-
tion via inputting 4 - 20 mA values. As system startup,
the human-machine interface starts to operate on an
automated system to start power generation. The expla-
nation of the Human-Machine Interface screen. The tem-
perature of the fuel cell can be measured with k-type
thermocouple. It shows the overall fuel cell voltage, DC
current, and power. It also shows the overall output AC
voltage, AC current, frequency, and power.

The material of bipolar plate is PAG\TECHNYL C218
V40\Rhodia (with 40% fiber). The melt front is shown in
Figures 9(a) and (b). It is shown that the melt front of
bipolar front without fiber caused melding line at the end
of filling and not supporting permanent performance. In
the other hand, melt front of bipolar plate with fiber has
better filling and gets more strength because of high per
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centage fiber orientation shown in Figure 10. Therefore,
the movable fuel cell system has chosen replaceable fiber
bipolar plate of fuel cell stack.

The stack consists of 60 cells with an active area of
100 cm? The nominal and peak powers are 0.8 kW (0.7
V) and 1.0 kW (0.6 V) respectively. The polarization
curve shown in Figure 11 is determined via a commer-
cial test stand that can easily provide optimal operation
control condition for the stack. The electric power sup-
plied to the components from the fuel cell stack should
be regulated in voltages (24 V) using dc/dc buck con-
verters. Therefore, the PEM fuel cell output voltage can
be operated safely in the linear range of voltage form 24
V for power supply.

4. Conclusions

Computers, controllers, and PLC devices were via a stan-

Copyright © 2011 SciRes.
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(b)
Figure 9. Melt front of bipolar plate for injection molding process. (a)Without Fiber; (b) With Fiber.

dard communication interface between the multi-connect.
This system also has the properties of high stability and
easy expansion characteristics. The controller can achieve
the communication convenience on human-machine in-
terface. The results of this study are to establish the novel
PEM fuel cell stack control system and use replaceable
fiber polar plate fuel cell stack. The system is able to
real-time monitor the variation of fuel cell performance
during operation and record all of the conditions and pa-
rameters from integrated human-machine interface. In
order to replace the traditional-style control interface,
costs are reduced and flexibility and production man-
agement are increased. In order to monitor the site,
on-site data and images with vivid color changes through
the terminal display can be obtained through the commu-
nication interface and controller status to achieve the
purpose of monitoring the site. Thus, in the database and
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graphics defined in the on-site conditions and the occur-
rence of conditions, in order to perform specific actions,
it is necessary to retain flexibility of automatic and man-
ual controls. Moreover, this system use easy-taken high
capacity hydrogen barrel embedded into steel plate of
this movable system and more convenient than other fuel
cell system and supply emergent power for two 110 V
plugs of each side of steel plate of this system. Therefore,
the research and development results present high con-
venient and movable integrated fuel cell power supply
system.
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