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Abstract

In this paper, a 50-kW high-efficiency modular fast charger for both electric vehicle (EV) and neighborhood
electric vehicle (NEV) is proposed. The proposed fast charger consists of five 10-kW modules to achieve fault

tolerance, ease of thermal management, and reduce component stress. Three-level topologies for both AC-DC
and DC -DC converters are employed to use 600V MOSFET, resulting in ease of component selection and
increase in switching frequency. The proposed three-level DC - DC converter with coupled inductor and its

hybrid switching method can reduce the circulating current under wide output voltage range. A 50-kW

prototype of the proposed fast charger was developed and tested to verify the validity of the proposed concept.
Experimental results show that the proposed fast charger achieves a rated efficiency of 95.2% and a THD of

less than 3%.
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Fig. 1. Circuit diagram of the proposed fast charger.
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Fig. 6. Key waveform of the proposed dc—dc converter.
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Fig. 11. Hysteresis band of the proposed fast charger.
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Fig. 12. Photograph of the proposed fast charger.

TABLE 1
SPECIFICATION OF THE PROPOSED
FAST CHARGER

FFD,

0.5(1=N,) N,V ®

Parameter Value
Output power 50kW
Input voltage 30 380V, +10%
Output voltage 50V ~ 500V
Output current 0 ~ 100A
Power factor 0.99 @ 50kW

THD 2.3% @ 50kW

Efficiency PB% @ 50kW
([I))ixme\?vsﬁr‘;) 550 x 750 x 1417 mm (585L)
Communication CAN 2.0

Charging method CC-CV
TABLE T

SELECTED COMPONENTS OF 10kW
FAST CHARGER MODULE
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Component Part number
VIENNA Switches(Sy., Sy,
IXFB110N60P.
DC-DC Switches(.S;~ S ONGOES
VIENNA Diodes(D,., D,-) DSI45-08A
VIENNA Fast Dioides(Ds, D) IDW40G65C5
DC-DC 1% Diodes(D; ~D.) DSEIG0-06A
DC-DC 2™ Diodes(Ds~Dy, D) DSEI120-12A
DC-DC Filter Diode(D) C3D10170H
N;Ne=1.25:1
Transformer
10.8kVA
VIENNA Input Filter Inductor
(Lo Ly L) 1.45mH
, =097
DC-DC Coupled inductor (Coupling Coefficient)
(L, Lo
540uH
VIENNA Output Capacitor(C.,C-) 3300ul
DC-DC Input Capacitor(C;, Ci) 20uF
DC-DC Output Capacitor(C,) 10uF
DC-DC Snubber Capacitor(Cs,) 0.22uF
DC-DC Snubber Resistor(£y,) 10k
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TABLE I
PERFORMANCE COMPARISON OF FAST CHARGERS!
Proposed | Delta |EATON| ABB Schnelsler
Electric
Rated oo | sokw | skw | 50kw | 50kW
Power
Input
AC |30 330v |52 2BV 154 o0sv|30 480v] 30 480V
30 480V
Voltage
Output
DC | 50-500v | 50-500v | >400v |20 V] 50 s00v
50-500V
Voltage
Peak 0, 0 — (0) _
Efficiency 9%B5% | 9% %%
Power | 099 | 098 - >0.96 -
Factor
Volume | 5%5L 918L | 8ML | 758L | 9I8L
Weight | 150kg | 645kg | 350kg | 400kg | 734k
FAAA A =gyt a9 14(b)= AokstE
0kWE 2Ee] 3aed Agngolth wee s
g sl wEe AR FlEw edae 28
58 A4 FY 4 mEo] Lo Hg
of meehs g B 4 Atk 38 4w
G4% dggon dfel k£ THDL B¢ A%
[e)

=A% §§ 9% THDot} 9&3 THDE
%E 2ttt 19 15(a)v=
; ﬂﬁ&g 976%% 248
Fol] w2 DC-DC M%EM
éﬁ A7IHE Bl e At
.28 15(e)= 50kWi TE5F

2, i oo
4
&
(=)
y B

L=

Mo ol o X &
N
o
B\
O_u
RHA-C T
_YE o 'w

o o
A
g
iy
E=)

o 1
ol
o
o E
i)

fol
o
)
e In
v

A rlo
o
}:op
o
fru
B
&
}:op
o
od
o
=
o
)
ol
nqo
8
R
n‘flru

oo 2 e E ool 9 g n2 £ oo 1l
Lo

N
~

A
IZorr oo M1 oox
QL
2
.,
[J
ot
[—
>
o
N
N
2!
i
2,
2
N
ol
iy
flo
o
bt
il

™
)
10
e
1
Rugye)
o
fo
[
rfo
H
N
B
s
ftl
N
o
iy
32
o
i)



+ EVe NEV A& 50kW+

E‘ = "‘E_F e
% %%%7& & 7Wdstsitt. AC-DC ﬁﬂiﬁg‘r DC-DC
A B 3ud EERAE A8FoEn 2949
APEAS Aol 585 FEAFHE DC-DC A
HEfol A e e} stojuE 293 7Wes A8
sto] wRdFE WE gaazlor aa4Q WEed
< T "W Rl w2 5&E fFAESIH

B.2%E

|
i}
oX
ol
ol
2
ful

0l =22 2016UT Mol xSl X
o2 FEATACY XUS wob FUE AT
2l(No. 2014R1A2A2A01003724)

References

[1] D. Aggeler, etc. al, “Ultra—fast dc—charge infrastructures
for EV-mobility and future smart grids,” in Proc
IEEE ISGTEUROPE, pp. 1-8. Oct. 2010.

[2] M. Yilmaz and P. T. Krein, “Review of battery charger
topologies, charging power levels, and infrastructure for
plug-in electric and hybrid vehicles,” IEEE Trans.
Power Electron, Vol. 28, No. 5, pp. 2151 - 2169, May 2013.

[3] L. Tan, N. Zhu and B. Wu, “An integrated inductor for
eliminating circulating current of parallel three-level
DC-DC converter-based EV fast charger,” IEEE
Trans. Ind. Electron, Vol. 63, No. 3, pp. 1362 - 1371,
Mar. 2016.

[4] S. Ahn, etc. al, “Implementation of 60-kW fast charging
system for electric vehicle,” in 2013 IEEE IECON, pp.
7256-7261, Nov. 2013.

[6] J. Park, M. Kim, H Jeong, J. Kim and S. Choi,
“Development of 50kW high efficiency fast charger
with wide charging voltage range,” 7The Transactions of
the Korean Institute of Power Electronics, Vol. 21, No.
3, pp. 267 - 274, Jun. 2016.

[6] H. Behjati, etc. al, “Modular DC-DC converters on
graphs: Cooperative control,” [EEE Trans. Power
Electron., Vol. 29, No. 12, pp. 6725 - 6741, Dec. 2014.

[71 P. Alemi, Y. C. Jeung, and D. C. Lee, “DC-link
capacitance  minimization in T-type three-level
AC/DC/AC PWM converters,” [EEE Trans. Ind
FElectron., Vol. 62, No. 3, pp. 1382-1391, Mar. 2015.

[8] Y. Prabowo, M. Kim, S. Kim and S. Choj,
“Development of EV fast charger using vienna
rectifier,” in Annual Conference of the KIPE, pp.
199-200, Jul. 2015.

[O9] K Jin and X. Ruan, “Hybrid full-bridge three-level
LLC resonant converter — A novel DC-DC converter
suitable for fuel-cell power system,” [EEE Trans. Ind.
Electron., Vol. 53, No. 5, pp. 1492-1503, Oct. 2006.

[10] I Lee and G. Moon, “Analysis and design of a
three-level LLC series resonant converter for high-
and wide-input-voltage applications,” [IEEE Trans.
Power Electron, Vol. 27, No. 6, pp. 2966-2979, Jun.
2012.

[11] S. Srdic, X. Liang, C. Zhang, W. Yu and S. Lukic, "A
SiC-based High-Performance Medium-Voltage Fast

Charger for Plug-in Electric Vehicles,” 2016 IEEE
ECCE, Milwaukee, WI,
ZOM(&ES)
198849 10 2524, 2011 M2 |&
ol HMojAS3En £, 2013'—4 = st
H MoAZSent EH(MAY. 2016 S
it ol x| stAc) et A._Oill-ﬂloi. o E
H(3Eh. 20164 ~8ix| @fute=a2t=o}
AR (£ EE)

1990 68 1024, 20154 MEntety|=Cy
H7|gEsstnt 2. 20159 ~3A S o
el MI|HES st AAtnHY

=~

Yos Prabowo
1990 113 20M, 20144 Il Alo} HE
s3al MI|FEZEn £, 2016 A
e =0 ol X 2Eoh et Ao XS &
of ZA(MA.

f

F M 2HEHIR)
1963'—4 3 32M. 1985 Qlsi MARSEtn)
1992'—4 Texas A&M Univ. EH§.%J ™7

=
), 108514 ~ 19004 TP BB kel
: CH2l. 1996 ~ 19971 AHAIT7| Bt ©
: 1997L4~o4xH Memsplad M7|yeEstn 3%



	EV와 NEV 겸용 50kW급 고효율 모듈형 급속충전기 개발
	Abstract
	1. 서론
	2. 제안하는 모듈형 급속충전기
	3. 실험결과
	4. 결론
	References


