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Abstract

This paper presents the performance enhancement of PV array modules under partial
shading conditions, in which the partial shading effect is reduced by spreading the shading pattern using
Physical Relocation of Module with Fixed Electrical Connections—PRM-FEC. Five Sudoku 5x5 cross-pattern
techniques are used, SD1, SD2, SD3, SD4, and SD5, compared with the standard TCT configuration. The
study uses a 10 W polycrystalline solar panel (VP-SP-10 Wp) parameter and TCT module topology with
five shading patterns: SW, SN, LW, LN, and without shading (NS). The shaded and unshaded modules are
assigned solar radiation intensities of 300 W/m” and 1,000 W/mz, respectively, at a module temperature
of 25 °C. Parameters are simulated for the performance analysis of the PV array module in the MATLAB/
Simulink program. From the simulation results, the proposed arrangement can enhance the performance
of the array modules compared to the TCT Std. configuration in the case of partial shading of SW, SN, and
LW by 22.9, 4.29, and 18.63%, respectively. The SD5 configuration was able to increase the LW shading
performance by 21.81%, demonstrating that the proposed technique was able to reduce the effect of
partial shading. The results of this research can be applied to the proposed arrangement pattern in the

installation of solar arrays to effectively reduce the effects of partial shading.

Keywords: PV Array, Partial Shading, Array Module Reconfiguration, Sudoku 5x5 Cross Pattern, Maximum
Power Point Tracking (MPPT)
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NaN1591809N U nSElUTNsU (NS) uaznsel
nMsaauuy LN nnsdnBedlasuidonfindvindu
1 GMPP winfiu 249.74 uay 176.38 105 Auaeu

ASANNSULUU SW A159al38e SD1-SD5 i
GMPP winiiu 176.38 Ins n153al3e9 TCT 8§ GMPP
Windu 144.47 a6 LLaméﬁguﬁ 10 NIANMFUIILUY
SN n159AEEe SD1-SD5 § GMPP wihiu 196.81 Ta
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Power (W)

GMPP.y,; 120.77 W
GMPPyy5 124.00 W
: :

Voltage (V)

v
!
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\ 4
!
!
\}
\
L
!
.
o0 73

5U#1 12 P-V Curve w89e15is8lugadnaiseaiuy SD
Wiguiiguiiu TCT Std. nsdaaniuy Lw

NM5IAEE TCT 8 GMPP winfiu 188.71 Ime Lansa
U7 11 nsdinmsdaauuy LW nmsdaEes SD1-5D4 3
GMPP WU 120.77 W SD5 8 GMPP wihiiu 124.00 w6
N5IAEEe TCT 8§ GMPP Winiu 101.81 Tad Lansa
U7l 12

4. afusnenauazagy

nsinsesenfisdlugametlan 5x5 wuuninum
mmﬁmixmamﬁummﬁaﬂugﬂmeﬁﬁﬂmlé’
WARIAINIANUIN HARINATTTIRBINUIT JULUUNIT
J9MaE ST SUN STl denar o danan
v99015658luna Moy nsUseuedIu n3dl SN
funafildzunstaen 6 was 16 GMPP 188.71 uay
196.81 I7A 31NIASLILUU TCT Std. wag SD aua1iu
wasnsdl LW Sunsiiléunistam 16 wne 16 GMPP
101.81 way 120.77 10A 9NIAE8LUU TCT Std. uay
SD muddU MsIRBeRae SD ansaLfisausauy
vesensisslugailoiSsuifisudumsiaGesuuy TCT
std. TunsdinsUaauiediuiuy SW SN way LW g
229, 4.29 uay 18.63 % AN LUNSEINITINS e
WUU SD5 @nansatfivaussauznsdaenuy Lw e
21.81 % UIANIINITIAEYUUY SD1-SD4 Wan1s
Aangiviladunames (FF) wuin n5dniseenie SD

a 4

aunsaiinUssdvininvesniisdlugalalaeinnsen

o w

mdslnigeaniminduase (GMPP) WenlSeulisuiiu

maslwinmgud (7,.2,) Tunsdl SW SN waz Lw 1¢i
siralulufimafefumeamugadsannnslsidnty
(ML) fianas wazUszdvawvesensisdluga () 1
duty wandlidiuiunadanisindesorssdlugadi
thiauesufunisienlosensisduuy TCT Inpsisoynsa
5 40 Yosan3lugARBTUIUTILIL 5 UHe FIenTEaY
sUnvunstauardsmaliaanansgnuannisdae
vedld Taglanizognadenistaanuuy SW dsdl
EULLUUﬂ’liﬁJ\iNWﬁg\‘iLLﬂ’] 13U 2 403 NM5IASEE SD
anunsanszaeeendu 2 Tuga Tunnuaald wilunsdl
MsUaWUY LN %aﬁgmwumsﬁqmﬁy’maﬁmﬁ 17U
2 pedul msdnFease SD liaunsauivanssnusle
iosnmadaitiaueidunsinGesiumimeduga
Feogmelunedinideriuhliliaansansznemstian
wuuseednild aonndostu [4], [5], [10] MsdniEes
luga viseadudmuniinisluneduuinuauisaly
MsnsrenIssanULuUin warlunmasseiud
nsdasesluganseadudiunuenisluunived
AruasnsalunsnsrenTstangUiuuiiredinild
Tunsfneifumsfinunisannansenuanmstian
vedudifisunuuinuazaudusidniseningasd
Tunsdliiguuuumstaauazanuduisdnceiing
uANEnNaaNgUT 4 ua 5 nsuszgndldinadiafiiaue
aansasilalaeimuadumisussdildumstanuay
anutusdmseiingifinnsanasluudonlaozunsus
5U7 8 waw 9 weadlafiiiaueimsnzdwmuszuusdnlin
wiuuasofingfinndsuundsaunndn Geinds
orfistifussnuyaiieaiuuumdinn mstanuisdu
Aedudutssd Wy ormsge el fulsl Dudu
wagmstiaaunduiiiatuduafing wu wdesdu
o 1 Judiu nsanransznulagIsnsdnEeuy
SD uaz@enloauuy TCT annsavildazanninile
Wisuifleufuisnsiasunafiudosniniiuiifade
$inenarlianusafndaufinld dmduszuumdu
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an3s urazansaBndainsfuszdeslinisdnededn
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AANUIN
nsnsgensianuisdiuesenisdlugawaduateniing Insedugalaglitlan 5x5 uwuninumdiua
5 sUuuy Wisuweuiunsinseawuy TCT wnsgu nelifeulunistanuidiuguuuusiig

Non-Shaded (NS) Short Wide (SW) Short Narrow (SN) Long Wide (LW) Long Narrow (LN)

1| 12|13 | 14|15 11|12 13| 14|15 11| 12| 13)18]15 1|12 13| 14|15 11| 12 | 13| 14|15
21| 22| 23| 24 | 25 21 | 22| 23| 24 | 25 21| 22| 23|24 | 25 21 [ 22| 23| 24 | 25 21| 22| 23| 24 | 25
TCT
31 [ 32|33 3|35 31| 32| 33| 34| 35 31 | 32| 33| 3|35 31 [ 32| 33| 34 | 35 31 | 32| 33| 3 | 35
std. a1 [ a2 | 43 | aa | a5 a1 | a2 | a3 | aa | a5 a1 | a2 | a3 | aa | a5 a1 42 | 43 | a4 | a5 a1 | a2 | a3 | aa | a5
51| 52| 53| 5|55 51| 52| 53| 54| 55 51| 52| 53| 54|55 51 | 52 | 53| 54 | 55 51| 52 | 53| 540 | 55
11| 32| a3 | 54|25 11| 12 |13 |18 ] 15 1| 12| 13|14 |15 1|12 13| 14|15 1] 12| 13|14 15
21 [ 52| 13] 3| a5 21 | 22| 23| 24 | 25 21| 22| 23| 24 | 25 21 [ 22 | 23| 24 | 25 21| 22| 23| 20 | 25
spp ||| 53| 2] 31| 32 | 33| 34| 35 31 | 32| 33| 34 | 35 31 [ 32| 33| 3 | 35 31 [ 32 33 30 | 35
a1 [ 22|33 ] 1a | 55 a1 | a2 | a3 | aa | a5 a1 | a2 | a3 | aa | a5 a1 [ a2 | a3 | aa | a5 a1 | a2 | a3 | aa | a5
51| 12| 23 | aa | 35 51| 52 | 53 | 58 | 55 51| 52 | 53| 50 | 55 51| 52 | 53| 54 | 55 51| 52 | 53| 54 | 55
11| 32| a3 | 54|25 11|12 |13 |18 ] 15 1] 12|13 )18 15 1|12 | 13| 14|15 11 12| 13|18 15
21| 52| 13 aa | 3 21| 22| 23| 20| 25 21| 22| 23| 2a | 25 21 [ 22 | 23| 24 | 25 21 | 22| 23| 20 | 25
SD2 | 31| a2 | 53| 22|15 31 [ 32 33| 3a | 35 31 [ 32 [ 33 30 | 35 31 | 32 33| 34| 35 31 | 32 | 33| 3 | 35
a1 | 12| 23] 3| 55 a1 | a2 | a3 | aa | a5 a1 | a2 | 43| aa | a5 a1 | a2 | 43| aa | a5 a1 | a2 | a3 | aa | a5
s1 {2233 14| a5 51| 52| 53| 54| 55 51 52 | 53| 50 | 55 51| 52| 53| 54|55 51| 52 | 53| 54 | 55
11| 52| a3 | 2|35 11213 ] 14|15 1 (12131415 1 (12131615 1| 12| 13|14 |15
21 [ 32| 53] aa | 15 21| 22| 23| 20 | 25 21| 22| 23| 20| 25 21 | 22 | 23 | 2a | 25 21 [ 22| 23| 24 | 25
SD3 | st |az| 13 |sa]2s 31| 32 | 33| 3| 3 31 [ 32|33 | 34| 35 31 | 32 [ 33 | 30| 35 31 [ 32| 33| 3| 35
a1 | 22|33 14| 55 a1 | a2 | a3 | aa | a5 a1 | a2 | a3 | aa | a5 a1 a2 | 43 | a4 | a5 a1 [ a2 | a3 | aa | a5
s1 {1223 3| a5 51| 52| 53| 54| 55 51| 52 | 53 | 54| 55 51 [ 52 | 53| 54| 55 51 | 52| 53| 54 | 55
11| 52| a3 | 2a |35 1| 1213|1815 1|12 | 13|14 15 1|12 13| 1415 1] 12| 13|14 15
21 [ 32| 53] aa| 15 21 | 22| 23| 24 | 25 21| 22| 23| 24 | 25 21 [ 22 | 23| 24 | 25 21| 22| 23| 20 | 25
SD4 |31 |a2| 23| 1455 31| 32 | 33| 34| 35 31 [ 32 33| 30 | 35 31 | 32 [ 33] 34| 35 31 [ 32 [ 33 30 | 35
a1 [ 12|33 ] 5| 25 a1 | a2 | a3 | aa | a5 a1 | a2 | a3 | aa | a5 a1 [ a2 | a3 | aa | a5 a1 | a2 | a3 | aa | a5
51| 22| 13| 3| a5 51| 52 | 53| 50 | 55 51| 52 | 53| 50 | 55 51 | 52 | 53| 54 | 55 51| 52 | 53| 54 | 55
11| a2 | 53| 3| 25 11|12 |13 )18 15 1] 12| 13|14 15 11| 12|13 )14 15 11 12| 13|18 15
21 (32| a3]1a| 55 21 | 22| 23| 2a | 25 21| 22| 23| 24 | 25 21 [ 22| 23| 24 | 25 21 | 22| 23| 20 | 25
SD5 |3t s2| 3] 2a)as 31 [ 32 33| 3a | 35 31 [ 32 [ 33| 30 | 35 31 | 32 |33 ] 34| 35 31 | 32 | 33| 34 | 35
a1 | 22| 3354 ]| 15 a1 | a2 [ 43 | aa | a5 a1 | a2 | 43| aa | a5 a1 | a2 | 43 | aa | a5 a1 | a2 | a3 | aa | a5
s1 {1223 aa| 3 51| 52 | 53 | 54 | 55 51| 52 | 53| 50 | 55 51| 52|53 54|55 51| 52 | 53| 54 | 55

Solar Irradiation; l:, 1,000 W/m2 l:, 300 W/m2
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