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Abstract E«4 2 1 8 4

A proton exchange membrane fuel cell (PEMFC) has been recognized as future
automotive application due to its high power density and low greenhouse gas emissions.
In the case of high current demand, this fuel cell would cause an overheating problem
leading to a membrane drying out and a lower cell performance due to the cell’s voltage
drop. Concerning with the safety operation as well as long life time of fuel cell, an
effective control manner using the passivity concept was presented to regulate the
stability of the stack temperature, the relative humidity, and the cell voltage at the
optimal level. In this work, the PEMFC system was equipped with three control loops
for controlling the hydrogen and oxygen pressures in anode and cathode channels, and
the stack temperature by manipulation of the hydrogen and oxygen flowrates, and the
cooling water flowrate. Since, the hydrogen and oxygen pressures and the stack
temperature directly affected the relative humidity and the cell voltage, therefore, the
relative humidity can be controlled by manipulation of the cooling water flowrate, while
the cell voltage can be controlled by manipulation of the hydrogen and oxygen
flowrates. The passive controllers in each control loop were determined with

208’ +7.225 +0.311s
" 2x10%s% (s +0.275)

i 21287 +4.745° +0311s
> 1.2x10%s%(s +0.275)
the passive controller, the fuel cell system can be driven to stable state under

disturbance even a failure of one loop. However, unstability of this fuel cell system was
observed when two loops fail.

for the hydrogen and the oxygen control loops, and

for the temperature control loop. It was found that, by using
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Effective concentration of oxygen in mol/cm®

Thermal capacitance in J/°C

Specific heat coefficient of water in J/kg K
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