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Abstract : Since the fuel cell uses the hydrogen for its fuel, it has no emission and higher
efficiency than an internal combustion engine. Also fuel cell is much quieter than engine
generator and generates heat much less than engine generator. So it has advantage of Army's
'silent watch' capability, and the ability to operate undetected by the enemy. The fuel cell
hybrid system combines a fuel cell power system with an ESS. The ESS (e.g., batteries or
ultracapacitors) reduces the fuel cell's peak power and transient response requirements. It
allows the fuel cell to operate more efficiently and recovery of vehicle energy during
deceleration. The battery has high energy density, so it has the advantage regarding driving
distance. However, it has a disadvantage considering dynamic characteristic because of low power
density. One other hand, the ultracapacitor has higher power density, so it can handle sudden
change or discharge of required power. Yet, it has lower energy density, so it will be bigger and
heavier than the battery when it has the same energy. This paper proposes the power management
strategy for multi-power source fuel cell hybrid system, which is applied with the merits of both
battery and ultra capacitor by using both of them simultaneous.
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Fig. 1 Fuel cell hybrid system Configuration
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Fig. 2 Simulation program
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' Fig. 3 Fuel cell output control

Pfc_demand= quugat+ Padd (1)

P goal 8OC — actual SOC
o 0.5X SOC range

X fc_change puwr 2)

Min_set power < Py, 4pau < Maz_set_power

where Pp y.mana © Required fuel cell power
Pogues * Vehicle requiring power
goal SOC : Target SOC value
actual SOC : Actual SOC value



fc_ changewpwr : Additional output
adjusting factor
Min/Mazx set power Minimum/
Maximum limitation value of fuel cell output
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Fig. 4 ESS output control strategy (1)
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where F(s) : Filtering function
Phos 0w © Battery output power
Pes req * ESS required power
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Fig. 5 ESS output control strategy (2)
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Table 1 ESS output control strategy (2)

Pess_req > 0 (Discharge) Pess_req < 0 (charge)

Pess_req <K Pess_req > K - Mode 3
Battery charging Matrix
-Mode 2
-Mode 1 Puc_out=Max limit of Decision of charging Power

Pbat_out= Pess_req converter (S0kW)  |between  Battery  and

Pbat_out= Pess_req - Puc_out ultracapacitor

Table 2 Dynamic Variable 'K'

uc soC 0 0.4 0.5 0.6 0

K(W) |K1(86.87){K2(59.27)|K3(29.28)] © 0

Table 3 Battery Charging Matrix
Battery SOC

0.5 06 0.7 08

0 0.5 0 0 0

0.1 0.5 0 0 [}

0.2 0.5 0.1 0 0

0.3 0.6 0.1 0 0

uc 04  |H1(0.7109){H2(0.1169) 0 0
05  [|H3(0.8865)|H4(0.5506) 0 0
soc 0.6 i U1(0.8516)|U2(0.2012)]  0.25
0.7 i U3(0.8778)|U4(0.5520)] 05
0.8 1 U5(0.8369)[U6(0.7716)] 075

09 1 1 1 0.9

| 1 1 1 1
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Object Function =

Fuel Economy(UDDS ) + Fuel Economy (HWFET )

Constraint Condition :
Acceleration Time(0—32km/h) < 3.5sec
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Fig. 6 Power distribution of ESS-strategy (2)
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Fig. 8 SOC of ESS-strategy (2}
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Table 4 Performance analysis

Acceleration F/E (km/L)

Time (Se¢) | ypps | HWFET | Obj.Fun.
Strategy(1) | 3.35 626 896 | 1522
Strategy(2) | 3.45 7.83 899 | 1682
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