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Development of 12V, 1000A Isolated Bidirectional Resonant DC-DC Converter

Jun-Sung Park', and Se-Wan ChoiT

Abstract - In this paper a bidirectional DC-DC converter is proposed for renewable energy systems,
eco—friendly vehicles, energy storage systems, uninterruptible power supply(UPS) systems and battery test
equipments. The two-stage bidirectional converter employing a fixed-frequency series loaded resonant converter
is designed to be capable of operating under zero—current-switching turn on and turn off regardless of voltage
and load variation, and hence its magnetic components and EMI filters can be optimized. And efficiencies and
volumes of the two-stage bidirectional converters are compared according to configuration of isolated and
non-isolated parts and a two-stage topology suitable for low voltage and high current applications is proposed.
A 12kW(12V, 1000A) prototype of the proposed converter has been built and tested to verify the validity of the

proposed operation.
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Fig. 1 Proposed two-stage bidirectional DC-DC converter
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Fig. 2 Key waveforms of the proposed SRC



The Transactions of the Korean Institute of Power Electronics, Vol. 19, No. 1, February 2014 59

kA g2 A (@St (65 ol&ell thet 2ol 7+

% e,

nm 'V, nl,
i, (t) = 5————= )
2u)TLNI erl
nﬂ—[/}cs[L.,DCi 1 pe sinw.t
2L, 2n "

Re Lp-t) 4 W S8 A9 vha¥ 2k

0]
AR

i, Lip nzf.ns
a , .
e L i/
E g Lm C_) ﬂVL
2
b

Fig. 4 Equivalent circuit for Mode I(tyt;)
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Fig. 13 IR thermal image of the proposed converter (a) at
the no-load condition (b) after operating for 60
min at the full load condition

7} 2rdkstal SRCE HA AN 52344 4 2 A
Al A RatelA ZCS He W Hox ~9HS o] 1
&S AT A BE A 0% o] &
&S FA8 T 9 WA HAqasd 72H7 97.3%,

97.2%% 274 ek

of AT AeB/ e
(A)AQow FanAEY

sl

References

[1] L. Rongyuan, A. Pottharst, N. Frohleke, and J. Bocker,



(2]

(3]

(4]

(5]

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

The Transactions of the Korean Institute of Power Electronics, Vol. 19, No. 1, February 2014 63

“Analysis and design of improved isolated full-bridge
bidirectional DC-DC converter,” in Proc. 35th IEEE
Annu. Power Electron. Spec. Conf, pp. 521-526, Jun.
20-25, 2004.

G. Ma, W Qu, G. Yu, Y. Liu, N. Liang, and W. Li, “A
Zero—Voltage-Switching Bidirectional DC-DC
Converter With State Analysis and
Soft-Switching-Oriented Design Consideration,” [EEE
Trans. Ind Electron., Vol. 56, pp. 2174-2184, Jun. 2009.
R. W. De Doncker, D. M. Divan, and M. H.
Kheraluwala, “A three-phase soft-switched high-power
density DC/DC converter for high-power applications,”
[EEE Trans. Ind Appl, Vol. 27, pp. 63-73, Jan. 1991.
F. Krismer, and J. W. Kolar “Efficiency-Optimized
High-Current Dual Active Bridge Converter for
Automotive Applications,” IEEE Trans. Ind Electron,
Vol. 59, pp. 2745-2760, Jul. 2012.

W. C, P. Rong, and Z Lu, “Snubberless Bidirectional
DC-DC Converter With New CLLC Resonant Tank
Featuring Minimized Switching Loss,” IEEE Trans.
Ind. Electron, Vol. 57, pp. 3075-3086, Sep. 2010.

G. Pledl, M. Tauer, and D. Buecherl, “Theory of
operation, simulation of a
bidirectional LLC resonant converter for vehicular
applications,” in Proc IEEE Vehicle Power and
Propuls. Cont, pp. 1-5, Sept. 1-3, 2010.

X. Li, and A. K S. Bhat, “Analysis and Design of
High Frequency Isolated Dual-Bridge Series Resonant
DC/DC Converter,” IEEE Trans. Power Electron., Vol.
25, pp. 80-862, Apr. 2010.

L. Corradini, D. Seltzer, D. Bloomquist, R. Zane, D.
Maksimovi'c, and B. Jacobson, “Minimum Current
Operation of Bidirectional Dual-Bridge Series Resonant
DC/DC  Converters,” [EEE Trans. Power Electron,
Vol. 27, pp. 3266-3276, Jul. 2012.

Seoul Tech Battery Charger Design Report, 2011

International Future Energy Challenge Competition,

Power Electronics Lab. of Seoul Tech, April 2011,

[online]. http://www.energychallenge.org
J. Park, M. Kim and S. Choi, “Fixed frequency Series
loaded Resonant Converter based Battery Charger
which is insensitive to Resonant Component Tolerance,”
IEEE IPEMC, pp. 918-922, Jun. 2012.

K. Park, B. Lee, G. Moon, M. Youn, “Analysis on
Center-Tap Rectifier Voltage Oscillation of LLC
Resonant Converter,” IEEE Trans. Power Electron,
Vol. 27, pp. 2684-2689, Jun. 2012.

K. Liu, and F. C. Y. Lee, “Zero-Voltage Switching
Technique in DC/DC Converters,” IEEE Trans. Power
Electron., Vol. 5, pp. 293-304, Jul. 1990.

A. Brambilla, E. Dallago, P. Nora and G. Sassone,
“Study and Implementation of a Low Conduction Loss
Zero-Current Resonant Switch,” /EEE Trans. Power
Electron., Vol. 41, pp. 241-250, Apr. 1994.

design procedure and

[14] Z. Chen, S. Liu, F. Ji,

“Power loss analysis and
comparison of two full-bridge converters with auxiliary

networks,” /ET Power Electron., Vol. 5, pp. 1934-1943,
Nov. 2012.
= o (4 ER)
19824 42 26204, 20004 A 23stT| =
MoAHESetn Y. 2011d & i of L
S =0

X|etAcista Ao X|Zstet EH(MAD
0113 ~3X 5 Cfshel SAtRLY.

Z| M| 2H(E HiR)
1963 3 324 19851 oI5t MAlFshn
ZA. 1902 Texas A&M Univ. sl H7|

A=

25} ZAU(MAD. 195 = CHEH EQ(E

), 19851 ~ 19904 CHREZY Zofipa

o Ch2l. 19961 ~ 1907 AMMFY| B8t oA 7a
MRl {007 ~BA MSTfsly| ) M7|MEZ St mE

2|
&3] =H|0[A},



