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Nonlinear Observer Design for PEM Fuel Cell Systems

(Eung-Seok Kim + Cheol-Jin Kim)

Abstract - In this paper, the robust nonlinear observer will be developed for PEM fuel cell system. Nonlinear model of
PEM fuel cell system is introduced to study the design problems of observer. Sliding mode observer is designed to
estimate the cathode and anode pressures of PEMFC system. And a nonlinear state observer is also designed to estimate
the other states such as supply manifold pressure, Oxygen pressure, Hydrogen pressure, return manifold pressure, etc.
The validity of the proposed observer will be verified by using Lyapunov’s stability analysis method.
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Fig. 1 Simplified fuel cell reactant supply system [1].
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A;, = Fuel cell active area (cm”)

Ap = Valve opening area (m?)

Cp = Throttle discharge coefficient
C, = Specific heat (J kg™ ' K ")

D,, = Membrane diffusion coefficient (em”*/sec)
E = Fuel cell open circuit voltage ( V)
F = Faraday’'s number (Coulombs)

I = Stack current (A4)

J = Rotational inertia (kg m?)

M = Molecular Mass (kg/mol)

P = Power (Watt)

R = Gas constant or electrical resistance ({2)
T = Temperature (K)

V = Volume (m®)

W = Mass flow rate (kg/sec)

a = Water activity

¢ = Water concentration (mol/em?)
d,, = Compressor diameter (m)

i = Current density (A4/em?)

m = Mass (kg)

n = Number of cells

ng = Electro-osmotic drag coefficient
p = Pressure (P)

t = time (sec)

t,, = Membrane thickness (¢m)

u = System input

AEA ABMX| UHA|AH he Hjdy BST| M
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= Voltage (V)

= Mass fraction or system state vector
= Mole fraction or system measurements
= Ratio of the specific heats of air

= Efficiency

= Excess ratio or water content

= Density (kg/cm®)

= Torque (N-m)

= Relative humidity

= Rotational speed (rad/sec)

k;, k,, R,, = Motor constants

N = Motor mechanical efficiency

ob A

act = Activation Loss

ar = Air

an = Anode

ca = Cathode

conc = Concentration Loss
cp = Compressor

gen = Generated

in = Inlet

m = Membrane

membr = Across membrane
ohm = Ohmic loss

out = Qutlet

rm = Return manifold

sm = Supply manifold

E01D >»Ikw sy

v = Vapor
w = Water
A A A A
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