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Power Decoupled Multi-Port Dual-Active-Bridge Converter Employing

Multiple Transformers for DC Distribution Applications
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Abstract

This study proposes a power decoupled multi-port dual-active-bridge (DAB) DC-DC converter employing
multiple transformers. Conventional multiport DAB DC-DC converters experience a power coupling issue from
the use of a single transformer, which essentially requires complex power decoupling control. To solve this
issue, a multiport DAB DC-DC converter employing multiple transformers is proposed to decouple output power

without additional complex control algorithms.

The proposed converter uses multiple transformers that can

expand output ports easily. Therefore, transformers and the proposed multi-port DAB converter can be designed

simply. In addition, the number of coupling inductors can be reduced in the proposed three—port DAB converter

compared with that in conventional multiport DAB converters. The power decoupling characteristics and

equivalent circuit of the proposed converter are analyzed using theoretical model approaches. Finally, a 3-kW

laboratory prototype is developed to verify the effectiveness of the proposed converter.

Key words: DC distribution, Decoupling power control, DAB(Dual-Active-Bridge) converter, Multi-port converter,

Multiple transformers
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Fig. 1. System configuration of DC distribution. (a) Using
two—port DAB converters, (b) Using three-port DAB
converters.
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Fig. 2. Circuit diagrams of three-port DAB converters. (a)
Conventional structure, (b) Employing multiple transformers.
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Fig. 5. Equivalent circuit diagram of multi-port DAB

converter with multiple transformers.
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Fig. 3. Equivalent circuit model of the proposed three—port

DAB converter.
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Fig. 6. Photographs of 3-kW prototype three-port DAB
converter with multiple transformers. (a) Converter setup,
(b) Experimental setup.

TABLE 1
EXPERIMENTAL SPECIFICATIONS
Parameters Value
Turns Ratio 1:1:1
Port 1 Voltage Vi =380 [V]
Port 2 Voltage V, =330 [V]
Port 3 Voltage Vi =330 [V]
Ly =977 [pH]
Coupling Inductance
Ly =96 [pH]
Switching Frequency Sew = 50 [kHz]
Py H, 0 -- 0 P12
Pyl _ | 0 Hy - 0 P13 1)
P, 0 0 - Hi— -0l | ¢y
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Fig. 7. Experimental steady-state waveforms of leg
voltage and inductor current of the proposed three—port
DAB converter. (a) When P, = 3 kW, P, = -15 kW,

and Py = -15 kW, (b) When P, = 3 kW, P, = -3 kW,
and Py = 0 W, (¢) When P, = 3 kW, P, = 0 W, and
P, = -3 kW.
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Fig. 8. Step-load response of the proposed three-port DAB
converter.
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Fig. 9. Power efficiency curves of the proposed and
conventional three-port DAB converters according to load
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