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

Dong-0Ok Moon1, Jun-Sung Parkz, and Se-Wan Choi

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. 2. Proposed current-fed resonant converter.
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Fig. 3. Key waveforms of the proposed CRC at f; = 0.5
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Fig. 5. Equivalent circuit for Mode I(trt1).
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Fig. 6. Voltage gain curve of the proposed CRC.
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Fig. 7. Two-stage version of the proposed interleaved CRC.
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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. 16. Measured efficiency of the proposed CRC using YOKOGAWA WT3000 (a) boost mode (b) buck mode.
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Fig. 17. Photograph of the proposed CRC.
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Fig. 18, IR thermal image of the proposed CRC after
operating for 60 min at full load condition.

References

[1] F. Krismer and J. W.XKolar, “Efficiency-optimized
high-current dual active bridge converter for automotive
applications,” /EEE Trans. Ind. Electron, Vol. 59, No. 7,
pp. 2745 - 2760, Jul. 2012.

[2] Y. Wang, S. W. H. de Haan, and J. A. Ferreira,
“Optimal operating ranges of three modulation methods
in dual active bridge converters,” in Proc. 6th IEFEE
IPEMC, Wuhan, China, pp. 1397 - 1401, May 17 - 20,
2009.

[3] D. Hamza and M. Pahlevaninezhad, “Implementation of a
novel digital active EMI technique in a DSP-based
DC-DC digital controller used in electric vehicle (EV),”
IEEE  Trans. Power FElectron, Vol. 28 No. 7, pp.
3126-3137, Jul. 2013.

[4] R. Yy, B. M. H Pong, B. W.-K. Ling, and J. Lam,
“Two-stage optimization method for efficient power
converter design including light load operation,” /EEE
Trans. Power Electron., Vol. 27, No. 3, pp. 1327 - 1337,
Mar. 2012.

[5] J. Park, M. Kim, and S. Choi, “Fixed frequency series
loaded resonant converter based battery charger which
is insensitive to resonant component tolerances,” in
Proc. 7th Int. Power Electron. Motion Control Cont, pp.
918 - 922, Jun. 2-5, 2012.

[6] J. Park and S. Choi, “Design and control of a
bidirectional resonant DC-DC converter for automotive
engine/battery hybrid power generators,” [EEE Trans.
Power Electron., Vol. 29, No. 7, pp. 3748-3757, Jul. 2014.

[71 J. Park and S. Choi, “Development of 12V, 1000A
isolated bidirectional resonant DC-DC converter,” 7The
Transactions of the Korean Institute of Power
Electronics, Vol. 19, No. 1, Feb. 2014.

[8] S. Dwari and L. Parsa, “An efficient high-step—up
interleaved DC - DC converter with a common active
clamp,” IEEE Trans. Power Electron, Vol. 26, No. 1,
pp. 66 - 78, Jan. 2011.

[9] C. Yoon, J. Kim, and S. Choi, “Multiphase DC - DC

boost-half-bridge  cell  for

converters using a



510 =9 gdee 715 € dadA s

high-voltage and high-power applications,” /EEE Trans.
Power Electron., Vol. 26, No. 2, pp. 381 - 383, Feb. 2011.

[10] K. Yi and G. Moon, “Novel two—phase interleaved LLC
series-resonant converter using a phase of the resonant
capacitor,” [EEE Trans. Ind Electron, Vol. 56, No. 5,
pp. 1815-1819, 2009.

[11] D. Joo, D. Kim, B. Lee, “Input current ripple reduction
algorithm for interleaved DC-DC converter,” 7he
Transactions of the Korean Institute of Power
Electronics, Vol. 19, No. 3, Jun. 2014.

%R(Xci;‘i)
2. 20134 Mazs|=H
Zd. 0133 ~#A & of
7|82 S5t HAE.

Etawu

ZA(MA

. 1985 olsto M A}
Texas A&M Univ. Hf3
(MAD. 1995 & L3
. 19854 ~1990d HRE3Y
o1 thzl. 19964 ~1997 4 AMT
Aodg2 @l 1997 ~oix| Me2zts|=of M7
2 58| = O|AL

ok QR

il
02 N oy e rdo o

s

o 1

]IO





