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Abstract >> Power converter are usually equipped for fuel cell power generation
system to connect alternating current (AC) electric power grid. When converting
direct current (DC) of fuel cell power source into AC, the power converter has a
frequency ripple, which affects the fuel cell and the grid. Therefore, an equiv-

alent circuit having dynamic characteristics of fuel cell power, for example, im-
pedance, is useful for designing an inverter circuit. In this study, the current, volt-
age and impedance characteristics were calculated through fuel cell modeling
and validated by comparing them with experiments. The equivalent circuit ele-
ment values according to the current density were formulated into equations so
that it could be applied to the circuit design. It is expected that the process of the
equivalent circuit modeling will be applied to the actual inverter circuit design
and simulated fuel cell power sources.

Key words : Fuel cell(®&HMX|), Inverter(®lH{ E{), Equivalent circuit(g 73 £),
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Fig. 1. Fuel cell current-voltage comparison between modeling
and experiment
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Fig. 2. Fuel cell impedance modeling and experiment compar-
ison
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Table 1. Modeling parameter values and operating conditions

Parameter Value

E. (activation energy) 15 kJ/mol?

Vi (equivalent volume of membrane) | 534.87 cm’/mol?

Vy (molar volume of liquid water) 18.4 cm*/mol”

Par, (dry density of Nafion) 1,970 kg/m*”

M (Nafion equivalent weight) 1.1 kg/mols)
k  (permeability of catalyst layer) 1E-15m’
P (Pressure) 1 atm

T  (operating temp.) 60°C
A_ca (stoi. at cathode) 2.0
A_an (stoi. at anode) 1.2

Cq

RQ RH+ RO
RR

Fig. 3. Lumped equivalent circuit model
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Fig. 4. Equivalent circuit model result corresponded to fuel cell

model result at 0.1 A/cm?. (a) Nyquist plots. (b) Bode plots. (c)
Plots of each current density value.
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Table 2. Parameters of fuel cell equivalent circuit elements

Alom? Rao + Ry Rorr Cq
(Ohmem?®) | (Ohm cm?) (F/em?)
0.1 0.25 0.545 0.334
0.2 0.21 0.282 0.296
0.3 0.19 0.194 0.258
0.4 0.18 0.153 0.218
0.5 0.17 0.129 0.194
0.6 0.16 0.113 0.157
0.7 0.15 0.103 0.154
0.8 0.15 0.091 0.138
0.9 0.14 0.083 0.135
1.0 0.14 0.076 0.147
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Fig. 5. Trend plots of fuel cell equivalent circuit elements ac-
cording to the fuel cell current density
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