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Current Reduction Method for Dual Active Bridge Converter
in Non-linear Dead-time Compensation Method

Kengo Kawauchi®, Member, Hayato Higa™, Member, Hiroki Watanabe *, Member,
Keisuke Kusaka®, Member, Jun-ichi Itoh*®, Senior Member
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This paper proposes a control method for a dual active bridge (DAB) converter, which achieves both a reduction
method of a non-linear transmission power error due to the dead-time and an inductor current reduction with a
three-level operation. The non-linear transmission power error is compensated by designing a zero current period in
the inductor current by the three-level operation. In addition, the inductor current reduction method for the
three-level operation is also proposed. In the non-linear transmission power error compensation method, the inductor
current is reduced by suppressing the circulating current with determining zero-current period to be the dead-time.
The validity of the proposed method is confirmed by a 2.0-kW prototype. As the experimental results, the
transmission power error is reduced by up to 85.1%. In addition, the inductor current is reduced by up to 64.1% and
loss is reduced by up to 58.6%. Moreover, the DC offset is eliminated by utilizing the voltage polarity reverse
phenomenon in the voltage control.
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Fig. 1. Dual active bridge converter.
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Fig. 4. Effect of dead-time for transmission power.

(b) Three-level mode II.

Fig. 5. Waveforms of conventional three-level operation.
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Fig. 12. Voltage control block diagram for non-linear transmission power compensation method.
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Table. I Experimental specifications.

Quantity Symbol Value

Input voltage Vin 240V

Output voltage Vou 240V

Rated power P 2.0 kW

Dead time T 2.1 ps (15 deg)
Additional inductance L 128 uH
Turn ratio of transformer N 1

Switching frequency fow 20 kHz

Output capacitance C 226 pF
Margin of dead time a 0.36 deg
Phase shift of three-level mode I % 82.44 deg
Phase shift of three-level mode IT dy 54.96 deg

Output Voltage of prlmary mverter v,,, 500 V/le

0P i T .

0

Inductor current i 20 A/d1v

I1_rus= 11.3 A © 20ps/div

(b) Three-level mode with conventional method.

i _RMS ™ 552A ZOus/dlv

(c) Three-level mode with proposed method.

Fig. 13. Experimental waveforms of operation methods.
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Fig. 14. Characteristic of transmission power.
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Fig. 15. Characteristics of output power and inductor current.
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