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Improved DC-DC Bidirectional Converter
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Abstract: Since the introduction of electronically controlled engines and electric propulsion ships, the need for an uninterruptible
power supply for emergency power supply devices that use batteries has gained importance. The bidirectional converter in such
emergency power supply devices is a crucial component. This paper proposes, a topology for an improved DC-DC bidirectional
converter that is characterized by a high voltage conversion ratio and low voltage stress of switches. To confirm the perform-
ance of the converter, a computer simulation was executed with PSIM software. The conversion ratio of the proposed converter
was found to be four times higher than the conventional boost converter in step-up mode and one-fourth that of the conven-
tional buck converter in step-down mode, and the voltage stress of the switches was one-fourth of the high-side voltage.
Moreover, the proposed converter was confirmed to be able to distribute equal currents between two interleaved modules with-
out using any extra current-sharing control method because of the charge balance of its blocking capacitors.
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Figure 1: Conventional DC-DC bidirectional converter
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Figure 2: Proposed new DC-DC bidirectional converter
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Figure 3: Typical wave-forms of the proposed converter in
step up mode
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Figure 4: Equivalent circuit of the proposed converter for
each operating interval in step up mode
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Figure 6: Equivalent circuit of the proposed converter for
each operating interval in step down mode
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Table 1: Parameters of the conventional converter

Component Specification
Power Level (W) 480
Switches ) S, IRF 640
Inductors L, (pH) 300
Capacitors C (uF) 300
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Figure 7: Simulation result of the conventional converter in
step-up mode

Figure 8: Simulation result of the conventional converter in
step-down mode
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Table 2: Parameters of the proposed converter

Component Specification
Power Level(W) 480
Switches S}, Sy, S5, S IRF 740
Switches .5 5, IRF 640
Inductors L, and L, (pH) 300
Capacitors C; and C, (uF) 200
Capacitors C, and C, (pF) 22
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Figure 9: Simulation result of the proposed converter in
step-up mode

81



Figure 10: Simulation result of the proposed converter in
step-down mode

B omRoAe

R

Lo e A P AHEE 91919 i, x1 -
e J1Ee) e v 1011 Hlake] 17]9) Q1EE s} 2
Nl AMAE Zrhalel A7t mEAFlA FalA)
527 a9, Ak Hﬂu FE4e A7) 94

PowersimAl2] PSIM AZE9O] S AL-g-3lo] o AFS 4=
gt o5 g2 AE AU

) AR AWEE 7|0 e AWE B SO
T A 4ul], 7R o)A 1/4HH«] e A wdks
< dAh

2) ZF 29A= A7) A 13 @ ol B A4S
1/4 droll 52 & Ju2 w2 7o) riHu=z

stuld el A Yol a3 Al A|41@ A15(2017.1)

=11
o

5. 8473

MOSFET®} Zo] A %¢}
13k LY.

3) 227 ANAEL Asks 758 Eulsty] wlEel
2 F71 Aoslz glo] JHIE RE AojolA

AAE AgE F ee o

2

AR FUeA BerELc
References
[1] C. C Lin, L. S. Yang, and G. Wu, “Study of a
non-isolated  bidirectional DC-DC converter,” IET

[2] L. S. Yang and T. J Liang,

Power Electronics, vol. 6, no. 1, pp. 30-37, 2013.

“Analysis and im-
plementation of a novel bidirectional dc-dc converter,”
Industrial Electronics, IEEE Transactions on Industrial

Electronics, vol. 59, no. 1, pp. 422-434, 2012.

[3] R. J. Wai and R. Y. Duan, “High-efficiency bidirec-

tional converter for power sources with great voltage
diversity,” IEEE Transactions on Power Electronics,
vol. 22, no. 5, pp. 1986-1996, 2007.

[4] J. P. Lee, H. Cha, D. Shin, K. J. Lee, D. W. Yoo,

and J. Y. Yoo,
ductor for two-phase interleaved DC-DC converters,”
JOURNAL OF POWER ELECTRONICS, vol.
3, pp. 339-348, 2013.

“Analysis and design of coupled in-

13, no.

[5] S. B. Monge, S. Alepuz, and J. Bordonau, “A bidir-

ectional multilevel boost-buck DC-DC converter,”
IEEE Transactions on Power Electronics, vol. 26, no.
8, pp. 2172-2183, 2011.

[6] K. lin, X. Ruan, M. Yang, and M. Xu, “A hybrid
fuel cell power system,” IEEE Transactions on
Industrial Electronics, vol. 56, no. 4, pp. 1212-1222,

2009.

I. D. Kim, S. H Paeng, J. W. Ahn, E. C. Nho, and
J. S. Ko, “New bidirectional ZVS PWM sepic/zeta
DC-DC 2007 IEEE
Symposium on Industrial Electronics,
2007.

P. C. Tsai, C. C. Feng, and C. C. Chi,
transformerless interleaved high step-down conversion
ratio DC-DC
stress,” IEEE Transactions on Industrial Electronics,
vol. 61, no. 10, pp. 5290-5299, 2014.

International
pp. 555-560,

converter,”

“A novel

converter with low switch voltage

82





