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Bidirectional Flyback Converter Design Methodology for Differential Power
Processing Modules in PV Applications
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Abstract

A Dbidirectional flyback converter is a suitable topology for use in a PV-to-bus differential power processing
(DPP) module for PV applications due to its electrical isolation capability, bidirectional power transfer, high
step—up ratio, and simple circuit structure. However, the bidirectional flyback converter design should consider
the effect of the output-side power switch utilized for bidirectional operation compared with that of the
conventional flyback converter. This study presents the structure and design methodology of the bidirectional
flyback converter for a PV DPP module. Magnetizing inductance is designed by calculating the power loss of
converter components within the rated load range under the discontinuous conduction mode, which is unaffected
by the reverse recovery characteristics of the anti-parallel diode of the output-side power switch. The validity
of the proposed design methodology is verified using a 25 W bidirectional flyback converter prototype. The
operational principles and the performance of the DPP operation are verified using practical DPP modules
consisting of bidirectional flyback converters implemented according to the proposed design methodology.
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Fig. 1. Configuration of PV-to-bus differential power processing
(DPP) modules.
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Fig. 3. Schematic of bidirectional flyback converter.
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Fig. 2. Operating example of DPP.
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Fig. 4. Theoretical waveforms of input switch's drain current.
(a) Continuous conduction mode, (b) Discontinuous conduction
mode.
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Fig. 6. Experimental waveforms of the theoretical magnetizing
inductance.
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Fig. 10. Photograph of differential power processing module
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Individual PV Power Input and Output Power

—o—PVI| 50.05W
——PV2| G3HW
70 PV3| 63.00W

—a—pvi| 6291 W

200

TABLE II
SERIES AND DPP EXPERIMENTAL RESULTS AT
MPP OPERATION

“ Parameter Series DPP Unit
=% o Sum of each PV MPP 239.47 235.05 w
£ £ Output voltage 44.06 36.67 \%

z & o Output current 4.49 59 A

' Input power 202.84 229.01 W

¥ “ Output power 197.83 21635 w

10 Flyback converter power - 2157 w

[ . Total loss 5.01 12.66 W

! by \'n!lugc(‘\i”) ’ v (3(.).l.ml\$1mgc o Line conduction loss 501 6.69 W
(a) Flyback converter loss - 597 w

y Individual PV Power Y Input and Output Powwer Module efficiency 9753 47 %
]l g s, System efficiency 8261 92.04 %

Ll y eyt

@ - 59A
< * 150 A | 9.28 W
P : o DPP
: = o T PV 4 Flyback

30 1:6.987 A

T 1.09 A 1
“ “ A = 454 W
I\’, ..5986073 \\/N PP
e pPV3 Flyback
“U 5 10 15 “() 10 20 30 40 50 60 I : 6'401 A
PV Voltage (V) Qutput Voltage (V) 0.501 A 1
(b) N '::: 474 W
Fig. 11. Measured P-V curves by experimental results. (a) 1;: 690;1216\\;/ DPP
. 9. PV 2
Series—connected system, (b) DPP system. 1 6.404 A Flyback
0.504 A j’
Av wd A ol EY A g9l Asd Egel o =S
. A
G R APAA s AEAE & 5 Aok Poslaaw DPP
V:1024V PV 1 Flyback
P Output power o504 A 0.88 A _I
out B
module = = 12 | >
T odule iP Inputpower ( )
=1 PV Fig. 12. The power flow at the maximum power point of
the DPP system experimental result.
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