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Abstract : In new generation vehicle technologies, a fuel cell vehicle becomes more important, by virtue of their
emission merits. In addition, a fuel cell is considered as a major source to generate the electricity for vehicles in near
future. This paper focuses on modeling of not only an electric vehicle and but also a fuel cell vehicle to estimate
performances. And an EV cart is manufactured to verify the modeling. Speed, voltage, and current of the vehicle and
modeling are compared to estimate them at acceleration test and driving mode test. The estimations are also compared
with the data of the Ballard Nexa fuel cell stack. In order to investigate a fuel cell based vehicle, motor and fuel cell
models are integrated in a electric vehicle model. The characteristics of individual components are also integrated.
Calculated fuel cell equations show good agreements with test results. In the fuel cell vehicle simulation, maximum
speed and hydrogen fuel consumption are estimated. Even though there is no experimental data from vehicle tests, the

vehicle simulation showed physically-acceptable vehicle characteristics.
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: friction quadratic dependant on velocity

Nomenclature g : acceleration of gravity
vehicle L : friction independent from velocity
m, : vehicle mass
P . wheel inertia Lo : friction linear dependant on velocity
wheel :

Tuheet . Wheel radius Ha
v : vehicle velocit

Toheer - wheel torque . . Y

. . p : density of air
q : driver request for braking fficient of d
. ) : coefficient of drag

Firake max : maximum braking force e
Af : frontal area
L : armature current
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R : armature resistance
La : armature inductance
Om » angular velocity
J : motor inertia moment
u : viscous friction coefficient
i : current density
iy : exchange current density
A : constant for activation loss
In : internal current
¥ siack : the area-specific resistance
i : limiting current density
R : universal gas constant
F : faraday constant
m, n : constant for mass transport or concentration loss
Ve : voltage of a cell
Eqe : open circuit voltage
m 5 : H; usage
MWy :molar mass of hydrogen
Demuerter - cONVerter efficiency
Vmotor  : voltage supplied in motor
Lotor : current supplied in motor
Vrc : voltage produced in fuel cell
Irc : current produced in fuel cell
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Table 1 Specifications of the EV cart

Vehicle weight(kg) 120
Motor power(W) 400
Battery 12V lead-Acid battery
Transmission N/A
Drivetrain MR, chain connected
Final reduction ratio 1.545
Wheel radius(mm) 215
Aerodynamic drag 0.30
Frontal projection(mz) 0.7125
coefficient of friction 0.015
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Fig. 3 Schematic diagram of motor-battery based vehicle model
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Table 3 Characteristic constants of Ballard Nexa PEMFC
Eoe (V) 1.23
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Table 3 Summary of maximum speed driving mode

EV cart | Simulation Error
0~max speed(sec) 6.0 6.4 6.7%
Max speed(km/h) 10.22 10.41 1.9%
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