The Transactions of the Korean Institute of Power Electronics, Vol. 20, No. 5, October 2015 395

MEAY PP P

http://dx.doi.org/10.6113/TKPE.2015.20.5.395

Eetolw AuH

Bidirectional Tapped-inductor Boost-Flyback Converter

Hyun-Woo Kiml, Young-Tae ]eonl, Joung-Hu ParkT, and Hee-Jong Jeon1

Abstract

This paper proposes a new bidirectional DC - DC converter with high efficiency. The proposed converter is
composed of a flyback and a tapped-inductor boost converter to satisfy extreme operating conditions with low
cost. The outputs are connected in series to achieve a high-voltage step—up. In the reverse direction, the
proposed converter has an extreme step-down voltage. In this study, the proposed converter was employed
with a 100 W hardware prototype. To design the controller, a small-signal transfer function of the proposed
converter is derived. For PV power conditioning systems, a maximum power point tracking method is applied
with perturb and observe method. To verify the operation of the bidirectional power flow, the current controller
is applied. All of the controllers are employed with a digital signal processor.
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Fig. 1. A circuit diagram of PV-lighting system.
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Fig. 2. Equivalent circuit of bidirectional tapped-inductor
boost flyback converter.
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whit separated output voltages.
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Fig. 5. PV system with an MPPT controller.
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Fig. 6. Bidirectional converter test with a PI controller.
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Fig. 7. Small-signal model of the proposed converter.
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Fig. 8. Bidirectional converter test circuit diagram.
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TABLE 1
KEY PARAMETER OF THE PROPOSED
BIDIRECTIONAL TAPPED-INDUCTOR BOOST
FLYBACK CONVERTER
Vs Input voltage 26-40L Vp d
Vo Output voltage 300-400[ V5l
Pout Output power 100[W]
Np:Nfb:Nb Turns ratio 1:54
Lm Magnetizing inductance 33[uH]
Cha Primary capacitor 4700[uF]
Cm, G Secondary capacitor 100[uF]
fsw Switching frequency 27[kHz]
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Fig. 9. The transfer function of control-to-input(MATLAB).

Fig. 10. The transfer function of control-to-input voltage
(PSIM).

Fig. 11. The transfer function of the control-to-4, current
(MATLAB).

Fig. 12. The transfer function of the control-to-In. current
(PSIM).



The Transactions of the Korean Institute of Power Electronics, Vol. 20, No. 5, October 2015

399

; me st gatc 02V DIV]
(a) Gate vol tage(@,, @y, Qb)

- . Vds[20/DIN]

v |} - k ——
- o _Vdsfb[100/ DIV]

- — S i M

. ] N o

i -\ Vdsboost[100/ DIV]

Time (s

(b) D-S voltage (@, @y @)

' R \ """ ﬁ'ﬁﬁl\'ﬁ'ﬁ
e — — aplosA/ o)
: RSRASASAASAGIN [WS W ) \ﬁ - L o K
Ty N NI

7
Idsbaost [0. oA/D[I 1

0.0999. 0.08585

Time )

(c) D-S current (@, @y, @)

Fig. 13. Gate voltage and drain-source (D-S) voltage and
current (Q,, @y, @,) of the proposed converter in PSIM

simulation.
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