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High Efficiency Voltage Balancing Dual Active Bridge Converter for the
Bipolar DC Distribution System

Minsu Lee!, Sungmoon Cheon?, Dongmin Choi!, and Gun-Woo Moon™

Abstract

In this study, a new voltage-balancing dual-active bridge converter that integrates a DAB converter with a
voltage balancer is proposed for a bipolar DC distribution system. The proposed converter is configured to
connect two loads to the transformer secondary center tap of the DAB converter, and no additional components
are added. The proposed converter has the same operation as the conventional DAB converter, and it makes
both output voltages similar. Moreover, the imbalanced current offset between the two loads is bypassed only
on the secondary side of the transformer. Consequently, the proposed converter integrates a voltage balancer

without any additional components, and no additional loss occurs in the corresponding components. Thus,

high

efficiency and high power density can be achieved. The feasibility of the proposed converter is verified using 3
kW prototypes under 380 V input and 190/190 V output conditions.

Key words: Dual active bridge converter, Voltage balancer, Bipolar DC distribution system, Integration circuit

.M B

FH AsdA L PV A"y 22 DC e 9 W3
7 A9 Alzgle] dbdo] 39lo], &gt DC 4k B
Alzzdlo] et Ag-go] ks WEEa gtk DC uf
A A2"E 7)E AC Bl A YEheE 9E BA0
U Fa F718HE 9 F7HARL Aot Bt glo
M, AC d¢s DCE Wgsle d9nigid A& gl
Q7] wEe] 32 BHFEE Folu Y W §
&S F7H7IE SO mfe 2 AEe Adg

olg1gt DC wid Azl Z, 19 1o yepd &4
DC Hld Ax8le T 7o) DC £33 gAHoz FAFH

Paper number: TKPE-2022-27-5-4
Print ISSN: 1229-2214  Online ISSN: 2288-6281

T Corresponding author: gwmoon@kaist.ac.kr, School of
Electrical Engineering, KAIST, Korea
Tel: +82-42-350-8075 Fax: +82-42-350-8520

}School of Electrical Engineering, KAIST, Korea

2LM Converter project. LG Magna., Korea
Manuscript received Oct. 8, 2021; revised Nov. 12, 2021;
accepted Nov. 12, 2021

- = =22 202149 MHMRIStS S|

— T

- 2 =22 20214 MErXE =3

[ A ]

AC Grid

Isolated Bidirectional DAB Converter Voltage Balancer

AC/DC

TT
Home
Application

T TT IT
ESS PV System DC load

Fig. 1. Block diagram of bipolar DC distribution system.
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Fig. 2. Circuit diagram of the proposed converter.
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Fig. 3. Key waveforms of the proposed VB-DAB converter.
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TABLE 1

DESIGNED COMPONENTS OF PROTOTYPES

393

Conv. 2-Stage Converter

Conv. Integrated DAB
Converter?

Prop. VB-DAB Converter

I/O Spec. Input: 380 V, Output: 190/190 V, Switching Frequency 50 kHz
Power Switch SCT3120AL [x8 eal (SiC, 650 V, 0.12 Q, 70 pF)
Transformer PQ5050(1 mH, 24 : 24) ‘ PQ5050(3 mH, 24 : 24) ‘ PQ5050(1 mH, 24 : 12 : 12)
Series Inductor PQ3535 (80 uH)
Additional SCT3120AL [*2 eal - ~
Switch (SiC, 650 V, 0.12 Q, 70 pF)
Balancing CH330060(x2) (740 uH)
Inductor CHAN0IZ502) (740 1H) CH330060(x2) (740 1H) )

A0KXWHEMEFCI45X35 [*9 eal
(450 'V, 56x9 1F)
250BXC6MEFCI25X20 (250 V, 56 uF)
250BXC6MEFCI25X20 (250 V, 56 uF)

Output Capacitor

250BXC6MEFC12.5X20 [¥9 ea] (250 V, 56x9 uF)
250BXC6MEFC12.5X20 [¥9 ea] (250 V, 56x9 uF)
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Fig. 5. Control block diagram of flux-balancing current
control and voltage control.
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