74 The Transactions of the Korean Institute of Power Electronics, Vol. 27, No. 1, February 2022

https://doi.org/10.6113/TKPE.2022.27.1.74

o o Ol = 7Fl= OFH}EFE =
B A S e FUF A7 AR
LIS, etEM2 MRB2 Aed? o/ 5¥® ZadT

’ ’

Development of Bi-directional Charger With a Wide Voltage Range

Jaeho Na!, Jun-Sung Park® Yujong Jeon?, Wae-Gyeong Shin?, Chungyoul Lee®, and Rae-Young KimT

Abstract

This paper proposes a DC -DC converter that satisfies a wide output voltage of 150 V -1000 V for the
battery voltage of various electric vehicles and can be controlled in both directions for the demand resource of

electric vehicles. The proposed converter is a two-stage structure in which an insulated converter and a
non-isolated converter are combined and operates as constant current or constant power depending on the
voltage of the connected battery. Experimental results from a 20 kW prototype are provided to validate the
proposed charger, and a maximum efficiency of 97% is obtained.
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Fig. 1. Charging method of electric vehicle.
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Fig. 2. Block diagram of the proposed charger.
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Fig. 3. Circuit of proposed bi—directional charger.
TABLE I A BdE ols] A9 3 Pk BEEAR
Parameter Specification Note 2 ZEH9 A J—i%% ‘IQI‘ ]0}71 HOH DAB(Dual
Rated power 20 [kW] - active bridge) 1M EI¢}F Buck HWEHE A% A43 4
515 2 Ales Ex JIREY o
Input voltage 380 [Vrms] AC ?:165] 7d‘ﬂE1 = ]—A]'o O]' —'—’—o = é Z{.O Hﬂoﬂ }‘1 &S
A LS 0] & o O) 5
Output voltage 150 - 1000 [V] DC Sdstelr] 93 Xﬂ(ﬂ 25 Xﬂ =
Output current 0-20 [A] DC
Power factor >0.95 rate power 2.1 AC-DC ZHE
= B 34 AC-DC 7AHHE 34 AC A% A%e DC A%
D % MLV oz wBHEA A% AR nzd AR AA L o
Maximum efficiency >96% rate power F HAS 8st AC-DC AW EE 38w Tz 1
Charging method cc-cp - £ T-type EEZAE AG3T, 360 P2 2
di el wal A% 57h BAW A 4Al wol
o e o HlaA Edo] A, Alg Ee AER| FEiaAE
+ So Lpuck + A AbgE = e Aol A Aetale e
SH71¢] AC-DC 7¥H= wigE dgel wet DC
\ i o 5 Link # °L(Vunk)*°~ 7hste]l  AlojstEA, AlE A
Ytz S10 ! T THD 4% 98 nzs m Aolsh £39 AF A
) o} 7] 7} ‘?J%‘ A% Aojg @}
O O

Fig. 4. Bypass mode of buck converter.
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Fig. 5. Operation principle of the proposed charger.
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Fig. 6. Prototype of the proposed charger and rated test
environment.
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Fig. 7. Experimental waveform of AC-DC converter.
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(b) Uni-directional electric vehicle with low voltage

Fig. 10. Experimental waveforms of charging and discharging
using electric vehicles.
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