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Voltage Control Method for T-type DAB Converter with Switching Operation Mode over
Wide-Voltage-Operation Range
Hayato Higa, Student Member, Shunsuke Takuma, Student Member, Keisuke Kusaka, Member,
Jun-ichi Itoh, Senior Member (Nagaoka University of Technology)

This paper proposes a voltage control method for T-type dual active bridge (DAB) converter with switching operation mode to

improve the converter efficiency in wide load range. Owing to the proposed voltage control, the voltage response is avoided to be

slow speed because the operation modes are seamlessly switched by matching the transferred power of each mode. In addition,

the converter efficiency is improved by switching operation mode in wide voltage range. The validity of proposed method is

confirmed by a 1.5-kW prototype. From experimental results, the maximum efficiency of 97.9% is achieved at the nominal

voltage condition. At the half-output-voltage condition, the converter loss is reduced by up to 64.7% when the proposed

switching mode is applied. Moreover, the output voltage response of the switching operation mode is as almost same as only

conventional mode.
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Fig. 1. Configuration of T-type DAB converter.
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Fig. 2. Operation waveforms of FB and HB mode at switching period.
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Table 1. Experimental conditions

Element Symbol Value
Rated power Prated 1.5kW@V,,=200 V
DC voltage in HV side Vin 400 V
DC voltage in LV side Vout 200V, 100V
Dead time at HV side Ty 1y 125 ns
Dead time at LV side Turv 100 ns
External inductance L 101 uH
Leakage inductance ! 23.1 pH
Magnetizing inductance Ly, 10.8 mH
Swiching frequency Sow 80 kHz
Sampling frequency Ssamp 20 kHz
Propotional gain K, 0.2 A/V
Integral time T; 100 ms
Output capacitance Cour 40 uF
Unit capacitance constant'¥ H @Vu= 10%6\7/’H;0u’:750 w

Threshold output current

o . 4.5 A +0.5 A(Hysteresis width
for switching operation mode (Hysteresis width)

HV side: Litz wire ¢0.1*150
LV side: Litz wire ¢0.1*150%2
N87 ETD 59 (EPCOS) N;:N,=38:19
Litz wire ¢ 0.1¥150
N87 ETD 59 (EPCOS)

Gap: 2.5 mm, Turn number: 23

Transformer

External Inductor

Inverter voltage at HV side 500 V/div

0

nductor current at HJX_Side 5 A/div

dpsidiv Inductor current at LV side 10 A/diy

Fig. 5. Operation waveforms at rated power, V;,= 400 V, V,,,= 200 V.
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Fig. 6. Operation waveforms with each mode at V;,= 400V, V,,= 150 V.
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Fig. 7. Operation waveforms with each mode at V;,=400V, V,,~100 V.
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Fig. 8. Efficiency characteristics of each mode.
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(a) Load step change: 150 W to 750 W with conventional only FB mode
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(c) Load step change: 750 W to 150 W with conventional only FB mode

(d) Load step change: 750 W to 150 W with switching mode

Fig. 9. Load transient response by output voltage control with conventional only FB mode or switching mode.
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