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Irradiation—Adaptive Operating Algorithm of Differential Power Processing
Module for Photovoltaic Panels Including Multiple Strings

Geun-Wook Kim!, Mina Kim'!, and Jee-Hoon Jung™

Abstract

The differential power processor (DPP) system is used to prevent a decrease in the total power generation
due to the partial shading of photovoltaic modules. Compared with traditional series strings and full power
processing (FPP) converter solutions, the DPP converter system shows advantages in terms of modularization
process, volume, and transformation losses. However, the system has a limitation in that the power generation

process of differential power processors produces lower power under certain irradiation conditions. This paper
proposes a structure and operating algorithm for differential power processing modules that can use a single
power converter for multiple strings. The operational algorithm for the differential power regulators allows the
maximum power generation to be maintained in comparison with conventional series—connected and differential
power processing methods even under various partial shading conditions. The operation algorithm of the

proposed DPP is verified by Matlab/Simulink simulations.

Key words:
converter, Partial shading

01]L17<1 HHHE}

UA= 719 A

A P

Paper number: TKPE-2022-27-1-9
Print ISSN: 1229-2214  Online ISSN: 2283-6281

T Corresponding author: jhjung@unist.ac.kr, School of
Electrical & Computer Engineering, UNIST, Korea
Tel: +82-52-217-2140 Fax: +82-52-217-2109

1School of Electrical & Computer Engineering, UNIST,
Korea
Manuscript received Aug. 25, 2021; revised Sep. 20, 2021;
accepted Nov. 14, 2021

— B =52 o000 MBFMAISSLE| B BT =R AN SA=SO|

o o o =

Irradiation adaptive algorithm, Differential

power processing, Photovoltaic, Bi-directional DC-DC

9w e dAT AU A8 HelT A% 7
S PHoR AUS ANE 5 Atk ol A4 o
UA md md A eeRg mde] tE wAlEst
wrh J)EwAe] A%, W, &e 2 A 949 A
oF Fol A WA AfRe ol Gl A% AA
Agatel A% Side] FAsHE U g B9
o Agate] B wAe AT 5 dut
B Aol wAd we Asue FARE e
= o] ARy Ak 27 PV wd 3E A
Y 22g AAszz Pt A4 AL Fol
F9 459 PV 99 322 THA o9 PAe ¥
B g9o] WA 4N Az QAo FHeo] =
Az wE BAde] Atk olF weksr] glske] PV A
2 48 Adstel 2EYS AT, WEZ tolos
g dgele sEgon Reath Y 1o EA}
W7 2EQE el Bze} Besie] STk o|F B
o A AU A2 F=nd gA A 5
of FhsatEs @ 4 olrh 2e B AL A
A e WF ALgEA Ravhs dod AN



64 B0 2~2EYS xge gdF side] A8 7ts

—e—

(__String__ )

f— e

( String_ ) ppp

= Converter | —

(__String__ ) E

S §tr|ng P |

] ppp |

(string | Converter || PV —

(__String ) | Inverter |

1

( §tr|n_g ) opp [F

— 5 |

String ) Converter |_

(__String_ )
Fig. 1. DPP-connected photovoltaic system circuit.
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Fig. 2. Conceptual structure and operation of DPP converters.
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Fig. 4. Internal circuit structures of PV panels.
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Fig. 5. Schematic of bidirectional flyback converter.
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TABLE I
GENERATED POWER OF DPP MODES BY PV PANELS

(W] Ideal DPP On DPP Off

Panel 1 835 60.6 70.5

Panel 2 1059 105.9 1059

Panel 3 105.9 105.9 1059

Total 300.3 262.2 282.3
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TABLE I

DPP CONVERTER AND PV STRING PARAMETERS

Flyback converter

Parameter Value

Input Voltage (V;,) 486 [V]
Output Voltage (V) 1458 [V]
Rated input power (P;,) 52.719 [W]

Turn ratio (%) 3
Bidrectional efficiency (7;;) 90[%]
PV string

Parameter Value
Open circuit voltage (V) 16.20 [V1]
Maximum point voltgae (V) 12.72 [V]
Short circuit current (Z,) 2933 [A]
Maximum point current (lmp) 2.766 [A]
Maximum point power (2,,,) 35.19 [W]

1{}0[}

(a) Case 1 (b) Case 2  (c) Case 3 (d) Case 4

Fig. 15. Irradiance conditions of
simulations.

TABLE II

PV panels used in

SUMMARY OF SIMULATION RESULTS

[W] |Ideal | Generated Power |Power Improvement [Mode
Case 1{300.3 282.3 20.1 (7.3%) Off
Case 2|265.7 205.1 434 (20.5%) On
Case 3[283.0 247.0 25.1 (11.3%) Off
Case 4|291.8 261.5 145 (5.9%) On
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Fig. 16. Operational waveforms of the proposed irradiation-
adaptive algorithm for DPP mode selection.
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Fig. 17. Simulation waveforms of the proposed DPP
selection algorithm under the irradiation case 2 conditions.
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Fig. 18. Simulation waveform with change from case 1 to 2
during operation.
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Fig. 19. Simulation waveform with change from case 2 to 3
during operation.
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