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Development of Flying Capacitor Dual Active Bridge Converter using Multi-mode Operation depending
on Output Power

Hayato Higa*?, Student Member, Senior Member, Jun-ichi Itoh*
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This paper proposes a multi-mode operation for a five-level dual active bridge (DAB) converter using a flying
capacitor (FC) topology in order to achieve a wide-load-range high efficiency over a wide output voltage range. The
FC inverter alternates between three types of operations: five-level waveform operation, square wave operation, and
operation of square waveform with half of the input voltage. In the multi-mode operation, the output voltage
waveforms of the FC inverter are changed depending on the output power. By using multi-mode operation, zero
voltage switching (ZVS) is achieved at light load against the change of the output voltage. In addition, the
circulating current is also reduced compared to that of a two-level DAB converter. Therefore, the efficiency is
improved by the proposed method. The experimental results show that the maximum efficiency is 96.4%. At 75% of
the nominal voltage, the converter loss is reduced by 24.4% compared to that in the conventional two-level DAB

converter operation.
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Table 1 Experimental conditions

Input voltage V;, 380V Inductor L 1.3 uH

Output voltage V. 24 to 48 V [Nominal voltage of output voltage | 36 V.

Switching frequency f;,, | 100 kHz | Nominal voltage of input voltage | 380 V

Flying capacitor Cy. 6 uF Turn ratio of transformer N 8
(Hig]l?iz(lt:;eside) 150 s (Lovlv) \e/?)lltztigreleside) 250 s
Rated power 1000 W
High voltage side Low voltage side MOS-FET

MOS-FET | SCH2080KE(Rohm) MOS-FET IRFP4568PbF (IR)

On-resistance 80 mQ On-resistance 4.8 mQ

Transformer Inductor
Core | EC90x90x30(MB30) Core Air core

Output voltage of three-level inverter 500 V/div

210

'H'H" U phase and V phase flying capacitor voltage S0V/div "H"""'""

lnductor current at hlgh voltdge side 5 A/dlv
4us/div 4us/div
(a) Without FC voltage control (b) With FC voltage control

Fig. 7 Operation waveforms at full bridge mode with/without flying
capacitor voltage control at charge operation

Output voltage of three-level inverter 500 V/div

U phasc and V phasc flying capac1t0r voltagc 50V/div

:_Inductor current at high voltage side 5 A/div
4us/div 4us/div

(a) Without FC voltage control (b) With FC voltage control

Fig. 8 Operation waveforms at five-level mode with/without flying
capacitor voltage control at discharge operation
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Fig. 9. Transient response at five-level mode with/without flying
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Fig. 10. Operation waveforms of three-operation modes.
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