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A Study on the Structure and Characteristics of Light-duty FC Hybrid Vehicle

Tae-Keun Bong?

Abstract : Global primary energy demand is projected to increase by 1.7% per year from
2000 to 2030. Almost three-quaters of the increase in demand will come from the
transportation sector. Fuel cell hybrid vehicle technology has the potential to
significantly reduce energy and harmful emissions, as well as our dependence on foreign
oil. In this paper, a systematic and logical methodology is developed and improved
mainly to design light duty fuel cell hybrid electric vehicle. We investigated structure
and characteristics of lisht duty FC hybrid vehicle carefully. It can easily be expanded
to analyze vehicle-to-grid power connectable plug-in NeHEV. A fuel cell hybrid
neighbourhood electric vehicle configuration has been studied in-depth utilizing the
proposed methodology.

Key words : Fuel Cell Hybrid Electric Vehicle(d&:A sto]B2= AgA), State of charge
(2NZAAE), FUDS(91% &4 FYET)
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Table 1 Vehicle Specification (GM-Daewoo Matiz)
with 2.4kW PEMFC Power System and 10
packs of NiMH Batteries

Symbol Item Description Value
Curb weight w/o
m,, battery, engine, and 665kg
transmission
my Battery weight 174.0kg
GE Shunt DC 72v
Motor motor with rated 45kW
controller
mevw GVW(gZ?zit;ehlcle 1217kg
M. Passengers weight 280kg, 4
A and number passengers
Af Frontal area 2.5 m’
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Table 2 Specification of Nexa™ 1.2kW PEMFC
Power System(Ballard, 1998)

System
Rated Power| 1.2kW 13kg
mass
Operating
Voltage 22~50V . 1500HRS
time
Wat
& 0,874 /hr | Cycle life | 5003
product
Hyd 185 Auxili
y rOge.n < uxiliary 45~ 950w
consumption | SLPM power

BET AR 729 540l B

A 33

Table 2& 28, Bxr] Avntd AXHES
S ZFsE Nexa AZ=® e Abeks vepllt
(Ballard. 1998).
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Table 3 Vehicle Parameters and Driving Condition

for a Typical case

Driving cycle

10 Consecutive FUDSs

Driving distance and
time

119.89 km, 228 min

Peak speed

91.2 km/hr

Road condition

Smooth pavement with
no grade and no wind

Vehicle model

GM Daewoo Matiz

Battery type

NiMH with 100%
initial

Weight of battery pack

174 kg

Rated battery voltage
and capacity

120V, 10.2 kWHr

Allowable range of SOC

15~100 %

Number of DC/DC
converter

1, Step up

FC power system

Two 1kW PEMFC
(0.45~2kW output)

control gain

Maximum EM power 45 kW
Proportional
supervisory 1
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SOC during the Entire Simulation (10 FUDS)
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Table 4 Simulation Outputs
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26.8 2.55] 6.58 PEMFC Power System Efficiency
Total energy generated
by the fuel cell 20117.4 kJ Total energy transferred to 34928 6 kJ
wheel
. Std.
Max | Min | A Total erated by the
FC power (kkw) VE | Dev. O NEG system 20117.4 kJ
- 2 0.5 |147] 0.69 Hydrogen consumption at 1.3 4076
Max1mum battery 33 90 KW atm. 55°C 08
discharging power
- Equivalent energy of
Maxungm battery -17.72 kW hydrogen consumption 46064.1 kJ
charging power
Total ener tored i Equivalent amount of
cnergy stored in -21741.2 kJ gasoline of hydrogen 0.3654 gallon Gas
the battery .
consumption
Total energy drawn .
53422.5 kJ Equivalent amount of ~
from the battery gasoline of battery charge 0.242ézsgallon
Final SOCs(after each cycle of FUDS) (%) difference
1st 2nd 3rd 4th 5th Average fuel cell efficiency 43.7 %
87.67 75.85 65.45 | 56.95 50.06 Tank to wheel efficiency
6th 7th 8th 9th 10th without .battery charge 75.8 %
43.55 37.02 30.44 | 23.80 17.04 difference
: . - : - Tank to wheel efficiency with 156 %
S0C (%) leait Nllgz)( ?;i batter.y charg.e difference :
: - Gasoline equivalent fuel 59.077 km/1
v W) Max. Min. | Avg. economy (MPG)
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