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ABSTRACT

Hybrid power systems with fuel cells and batteries have the potential to improve the
operation efficiency and dynamic response. A proper load management strategy is important to
better system efficiency and endurance in hybrid systems. In this paper, a fuzzy logic algorithm
has been used to determine the fuel cell output power depending on the external required
power and the battery state of charge(SoC). If the required power of the hybrid system is
small and the SoC is small, then the greater part of the fuel cell power is used to charge the
battery pack. If the required power is relatively big and the SoC is big, then fuel cell and
battery are concurrently used to supply the required power. These IF-THEN operation rules are
implemented by fuzzy logic for the energy management system of hybrid system. The strategy
is evaluated by simulation. The results show that fuzzy logic can be -effectively used to
optimize the operational efficiency of hybrid system and to maintain the battery SoC properly.
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Table 1. Specifications of the hybrid system

Fuel cell system

No. of |operating | Rated | Rated | Rated
Model
cell range |voltage| current | power
Nexa 48 22-50V | 26V 46A 1.2kW

Battery

T Capacit No. of Nominal
ype pacity Module voltage
Lead-acid | 100Ah/10hr 4 48V
DC/DC converter
Input Output Input Max. output
voltage voltage current current
22-58 40-60V 0-100A 96
DC/AC inverter
. Max Max
Continuous| Input Output input output

wer |voltage! voltage
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3000W  |42-68V|220V/60Hz| 197A 41A

B dAFoME AIUH 100cm’, 48749 4
2 TAE ballardrte] Nexa Al2¥o] A¥ Az}
g o]&slsrh
Fig. 2& dsdA 2] %‘?—3.5‘7"3% L}
Aolt}. dix“H 5“41 821

it hu

)4

Fig. 32 DC/DC AHE ] £ nj& A8
A Axele] 87 FEE 985Y A o
& ARAANE (74 .99 E&3 DC/DC 2
HE S E8( 7 40 S UERE Aotk A& 0]
Mg g3 g8 A A9 2L 544
& ARt

Pfuelz m HZXHHV =
a+ bP 4+ P+ dP3.+ P4+ 1P,

Pdc
Pfuel

7 de,out =

oy

[ HC Volge

i1+ FCNetPower |
-1 - Parastics Power | 1600
: vFC:Gms?wu 10

F5
=
=
=

FC Voltage

0 5 B 15 W B’ N B 0 S5 9
FC Net Current(A)

Fig. 2. Fuel cell system characteristics
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Table 2. Constant for equation
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a 1.3322 61.641 19.498
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Fig. 5. Efficiency map of battery
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Table 3. Battery charge capacity constant

SoC Current a

0770% 0.1C 0.98
1C 0.77

71790% 0.1C 093
1C 0.72

9179%6% 0.1C 09
1C 0.7

967100% 0.1C 0.88
1C 0.66
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Table 4. Rule base of fuzzy logic controller

IF SoC is low THEN DC/DC converter is
high.

IF SoC is medium and power demand is low
THEN DC/DC

medium

converter power is

IF SoC is high and power demand is low
THEN DC/DC converter power is low

IF SoC 1is high and power demand is
medium THEN DC/DC converter power
is medium

IF power demand is high THEN DC/DC

converter power is high
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