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Decoupled Power Control of Three—port Dual Active Bridge DC-DC
Converter for DC Microgrid Systems

Ju-Young Sim!, Jun-Young Lee!, Hyun-Jun Choi!, Hak-Sun Kim', and Jee-Hoon JungT

Abstract

Three—port dual-active bridge (DAB) converter in a DC microgrid was studied due to its high power density
and cost-effectiveness. The other advantages of DAB include galvanic isolation and bidirectional power
conversion capability using simple control modulation. The three-port DAB converter consists of a three
winding transformer and three bridges. The transformer has three phases, which means that the ports are
coupled. Thus, the three—port DAB converter causes unwanted power flows when the load connected to each
port changes. The basic operational principles of the three—port DAB converter are presented in this study. The
decoupling control strategy of the independent port power transfer is presented with a mathematical power
model to overcome the unexpected power flow problem. The validity of the proposed analysis and control
strategy is verified with PSIM simulation and experiments using a 1-kW prototype power converter.
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Fig. 2. Simplified equivalent circuit of three-port half-bridge
converter.
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Fig. 3. Theoretical operating waveforms of three—port half-bridge
DAB converter.
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Fig. 4. Delta equivalent circuit of three-port half-bridge
converter.
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Fig. 5. Independent power control algorithm.

TABLE I
SYSTEM SPECIFICATIONS AND PARAMETERS
Parameters Value
Turns ratio 6:6:1
Port 1 voltage V, = 380 [V]
Port 2 voltage V, =330 [V]
Port 3 voltage V5 =60 [V]
L, = 255 [pH]
Coupling inductance L, = 255 [pH]
Ly =1 [pH]
Switching Frequency Sow = 50 [kHz]
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Fig. 6. Simulation results of port 2 and port 3 power
control: (a) without decoupling strategy, (b) with decoupling
strategy.
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Fig. 7. Effect on port 3 power control when the load of
port 2 changes: (a) 380 W to 1000 W at t = 0.1s, (b) 1000
W to 100 W at t = 0.15s.
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Fig. 10. Experimental waveforms of steady state operation:
(a) Leg voltage and inductor current when P, =1000W,
P,=—1000W, P, =0W, (b) Inductor voltage and inductor
current when P, =1000W, P, = —1000 W, P, =0W, (c) Leg

- LA AL === T R voltage and inductor current when P, =1000 W,
Fig. 9. Experimental setup of 1 kW prototype three—port Py=-280W, P,=-720W, (d) Inductor voltage and
half-bridge DAB converter. inductor ~ current when P, =1000W, P,= —280W,
P, = —T20W.
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