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Bi-Directional Interleaved Current-Fed Resonant Converter with Reduced
Sized of Output Filter for FCEV

Dong-Ok Moon'!, Jun-Sung Park? and Se-Wan Choit

Abstract

This study proposes a bi-directional interleaved current-fed resonant converter (CRC) with reduced size of
the output filter for a fuel cell electric vehicle. The proposed CRC achieves zero—current switching turn on and
off of switches and diodes and makes ripple current of the output capacitor theoretically zero. As a result, the
cost and volume of the output capacitor are significantly reduced. The two-stage power conversion technique is
also applied for wide input and output voltage range operations. A 2kW prototype of the proposed converter is
built and tested to verify the validity of the proposed operation.

Key words: Bi-directional converter(BDC), Current-fed resonant converter(CRC), Zero current switching(ZCS),
Fuel cell electric vehicle(FCEV)
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Fig. 1. Block diagram of a fuel cell electric vehicle power
train.
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Fig. 2. Proposed current—fed resonant converter.
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Fig. 3. Key waveforms of the proposed CRC at £ = 0.5%.
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Fig. 4. Operating state of the proposed CRC at £ = 057
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Fig. 6. Voltage gain curve of the proposed CRC.

4714 7 54 AIHA o 0,8 $2 7 Fig

o 247t vhe ol A4AT,

il

L
S Bl 3
7=\ ¢ 3)
w, = — )
IC.

oA7|A R FetA ol 29A Syt 50 &
Zun Revh FaEth ojnf, BE 294 ZCS He
zg Mﬂﬁ‘r

IF= 3997F Ad8A] g d=ge] 73t
=9 M AEZE Fstell ouAE Fet X A9
Aol AHgte] Ay ow FrlskE Frrolth v

|

a

2rE

=]

AMEls) 25 M) HER 0] o)
: e, 31 AAE 3

T,
- Ny
Ve lf N igsinwt+-=V,)dt =V,  (©6)
s 0 NP
2 (6o 2HE Aotels AMEY HY A= ¢
53 o] AA Hul,
we
Vv nN]Jwa,.(lfcosw—‘w)
M=—Lt= @

5 Ws
7Npw, (1= cos—7) + Qu,

'

o714 Q@Quality factor)i= A¢tsli= AWE Q] Aol

Ao 71€718 AR &y o] Aot
w, L,

Q= 7 ®)
a9 62 Qatell wE AWE] Al FAdelw Q Fhol
S5 AQFAY Ve 7]e AXT T3 Aeksle A
HE = Below 9904 Load independent point 7} Tt}
F EA8Y g9 48 T A oA HAE
Al o

f, =2kf, ©

A7 k= AASG o|H Belowd YollA A9l
FHsE SRCY AJIZAY thEA Atsle
Al01& Belowd ol A 12 3}

o] o=
AE

3. 2Et W4 olEE[BEE AWEk CRC

19 7} 8e Abshe U
ey Fx% 4 54
Avietel Vet 2 dangd WiHE A48
AU WA A A9 /2] A
S EAAIY dAE FUERS] 1) 14
2904 Fhaesh 059 14 AR FAA, co
= ol o

WENS] 2% W
L Algkeks 2% W

f
oﬁL
9,
e

r&ﬂ Wy o > o

=

g At WEA we A Aol wUAR 293
o AMgs B Aojath 7 e E3e £
2 o) £9 ARE et o] AR,

i = %IL(pcosw £) (10)

b =ty Tt

= éIL(l—coswrt)—k %]L(l-kcosw,,t) =1 (12)

l-fO
ol
rir
)
I
il
il
3
|o
frt
J

o
>,
i
Hiu
2
=il
rlr
ful
dlo



506

Non-isolated Stage

| SPhase L SHI4 ] SpraseLsm3 | |
0 0.5T, T,
SPhase2 5222.3 SPhase2 SHI 4 || Sohuse2sms

i

| T T T (]

fp ti iz fz 11 Ij Is trig
Fig. 8 key waveforms of the proposed interleaved CRC at
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015 " -
1 Fixed frequency operation
¥

LOOO |-~

0.995

= 0.990},

0.985
— f= 1.8:f;

0.980 — =20,
=== f=22-

0.975 fr fs

0.45 0.475 0.5 0.525 0.55
VL
Fig. 11. Voltage gain curve according to resonant

component tolerance.

weba Aok AWEE A Yek Jodela HEa T
ol AR ER thgol FAE RIaA WA

o,

VLm k

7 < (14)

1y, iniericaving
10% Aorsl= 2k whAl olgElrE CRCY W

?Lé lE‘r ‘ﬂ‘?ﬁu 27F - 3252 AHY T
2 ACHF7F s27] vl %9 &
H—J%O] Astet whebA Agteks A
EH He l% a7 103} #o] 22k - 345 dAde o
Ae) Rrph shte Bg FehEg s oeb
A, ARG dd7S Ade] A7 2 S7kek 394
bz moand oF JFS Folv 24zhe Roan)



The Transactions of the Korean Institute of Power Electronics, Vol. 19, No. 6, December 2014 507

; Vs> [L00V/div]

|

|

\* Ve [100V/div]

[10ps/div]

(a)

/—» Vi [50V/div]
i fﬁ\/ﬂf Sl

f—y S Tarmon ol Bt T
\ Vo2 [SOV/div]
Ip.1 [2A/div]

(c)

[2ps/div]

/_' i, _inferleaving [2A/ (li"]
/! //\ /IL /\ )
r \J/.W’/
2 /// \‘x,\, A S i
‘\\ j N A %
i1 [2A/div]
g
[10ps/div]
(b)
ﬁ( vsz2 [10V/div] /—vl sp1 [10V/div]
\_‘4,\¥ ‘ ! \\ / \
.\_/{ f\\\—// / S
I\ A
E-——/w——'““ ~dN
™ ZCS Turn on & off ™~ ‘.
N> iy [2A7div]
[2ps/div]

(d)

Fig. 13. Experimental waveforms of the proposed CRC in boost mode at . = 167A (a) non-isolated stage switch
voltage and inductor current (b) inductor current of each phase and interleaving inductor current (c) isolated stage
switch voltage and resonant current of primary side (d) isolated stage switch voltage and resonant current of primary.
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Fig. 17. Photograph of the proposed CRC.
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