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Development of a Series-Parallel Compensation-Type DC-DC Converter
Koji Orikawa™, Student Member, Jun-ichi Itoh™, Member

This paper proposes a novel DC-DC converter for a hybrid power supply using both a fuel cell and battery. The output voltage

is controlled by a series converter that regulates only the differential voltage between the fuel cell and the output. Although the

output power changes, the variation in the fuel cell current is suppressed by using a battery for the operation of the parallel

converter. The control strategy and circuit design adopted to achieve high efficiency are described in this paper. The experimental

results confirm that the proposed circuit achieves a maximum efficiency of 98.8% for a small differential voltage. In addition, the

power loss is analyzed to prove the validity of the proposed circuit.
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Fig. 3. Block diagram of proposed circuit.
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Fig. 6. Control diagrams of the output voltage.
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Table 1. Specifications for proposed circuit.
Fuel cell voltage Vz 41010 [V]
Output power P, 12 [W]
Output voltage V,,, 7.2 V]
Battery voltage Vs, 11[V]
Switching frequency £, 100 [kHz]
Inductor current ripple Aix. |30% of output current [A]
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Battery voltage Vy: 11 V
95 Output voltage Vou: 7.2 V

Output power Py, 12 W

SWltchmg frequency Sow' 100 kHz

3 4 5 6 7 8 9 10 11
Fuel cell voltage [V]

Efficiency [%]
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Fig. 10. Efficiency of the proposed circuit.
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Table 2. Experimental conditions.

Fuel cell voltage V. 4t010[V]
Battery voltage V, 11[V]
Output voltage V,,, 7.2 V]
Switching frequency f;,, 100 [kHz]
Input inductor Ly. 30 [uH]
Output inductor L, 30 [uH]
Output capacitor C,, 800 [uF]
AVR response 0.1 [kHz]
ACR response 1 [kHz]
LPF time constant 2.2 [ms]
FET | TPC8018-H (TOSHIBA)
Fig. 11(a),(b)| 2 to 20 [W]
Load change —
Fig. 12(a),(b)| 20 to 2 [W]
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