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Analysis on Generation Power according to Connection Structure for PV

Panel under Shadow Condition

Woo-Yong Jeongl, Yong-Jung Kiml, and Hyosung Kim™T

Abstract

Eo e LA

Considering that the output voltage and current of a single PV panel are limited in PV power generation, a
PV array should be constructed by connecting several PV panels in series and parallel to meet the required
voltage/power levels for power generation capacity. When a PV array is partially shaded, the maximum power
generation depends on the configuration of a PV array and the presence or absence of blocking diodes. This
study considers six PV array configurations and the presence or absence of blocking diodes. An optimum
connection structure was proposed to maximize power generation in a partial shadow condition. Results were

verified through simulation and an experiment.
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Fig. 1. PV equivalent circuit.

TABLE 1
UNKNOWN CONSTANTS OF PV OUTPUT
CURRENT EQUATION

Unkwon Constant Definition
Rs Shunt resistance
Rsh Series resistnace
Vt Diode thermal curret
10 Diode saturation current
Ng The number of PV cell
Iph Current by Irradiation
TABLE T
ELECTRICAL SPECIFICATIONS OF THE PV PANEL
Parameter Value
Open circuit voltage (Voc) 215 [V]
Short circuit current (Isc) 1.31 [A]
MPP voltage (Vypp) 175 [V]
MPP current (Iypp) 1.14 [A]
Maximum power (Pypp) 19.95 [W]
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Fig. 2. P-V characteristic curve of single PV panel by
irradiation level.
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Fig. 3. PV array configuration.

TABLE I
PARTIAL SHADOW CONDITION ACCORDING TO PV
ARRAY CONFIGURATION

. Shading Case
Connection

Structure |Casel | Case 2 | Case 3 | Case 4 Sg)lqr
radiation

(a) PV6 |PV(G+6) | PV(GH6) |PVE4+5t6) |  40%

(b) PV6 |PV(G+6) | PV(GH6) |PVE4+56) |  40%

(c) PV3 |PV(3+6) | PV(3+2) |PV(3+2+6)| 40%

(d) PV6 |PV(6+4) | PV(6+5) |PV(6+5+4) |  40%

(e) PV3 |PV(3+6) | PV(3+2) |PV(3+2+6)| 40%

(f) PV6 |PV(6+4) | PV(6+5) |PV(6+5+4) |  40%
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Fig. 4. I-V characteristic curve by PV array configuration.
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Fig. 5. P-V characteristic curve by PV array configuration.
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(e) Serial-prioritized TCT connection structure
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(f) Parallel-prioritized TCT connection structure
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Fig. 6. Maximum generating power integration graph by
shadow condition.

2300
2200
= 2100

2000

Maximum Power Integration

1900

Z7}skol ulg} LMPP2| Pmpp7} #4438k}

I 5b)E " HEHESAA ada 24 e
P-V EA3AE vepdth 19 4b)9] -V EAFAA
g g o] MPP7E A s whe AE & vl
2 JPA7E F997 PV panel?] W57 F7stol whel
MPP2| Pmpp7} #4gt) 57 to]lo = f5o w2

deld H44 729 £9¢ wad A3 Ko
=57 tele=rh AAHA & HE 729 PmppZt
AAE SR Ee AL G 5 9l

1% 5<cf4 a9 SdE AEed A¥E g%
(35x2P) T-z9F WE g4 &1% ﬁ*(zsxz;P) 2o A
193 izﬂﬂr -‘;—%ZJ thol L. Fo W& PV 54
20 deps, 19 50 B 18 5 PV 543
oM g =2d 2 B2 tolerel fFo ue
EAL O 4c) @ a9 4Ad)Y -V EAFA EA
o] HkgElo] Yebdth 27 5(d)9 case 39 A= Al

st 2PAE Fo7 PV panele] 7MF7b 5713
wal, LMPPe] 7W4E Z7}eta LMPPY Pmpps #4
gl 53], case 29 case 3& 1¥Ake] S
PV panel® 47 + U2 FL3HAT case 39
T-Zo] W FHoEd dEe] case 24 Hoddd
o 2 RS g1 k. E5F tole= {7

A AWEGSPP) S TR F

T
=

JEn:Zin

e my o 8ot Aporfr

l

»
U
i)
tlo o
=
=

, o

ik
2
24
ax
o
fru

A
Bl
oY
-,
o m
Po
[
N
)
o
it‘
i
N,
&%
rlo

19 d¢En =2 AS g9

)
=
ko)

N
-

2
Wi

=

S dbo e
-
BN
o

Hso
L g

5(6)9]' a3 5(0e FE9d TCT HE(3Sx2P)
:FLZ‘—Q]' HE A TCT H4(02Sx3P) FxoA 2dA =
ol wE P*V 54 F4& yebdo a7 56) 2 1
g 5(f) P-V 5A4=40A - 210
a9 Ale) B 2" A9 IV 543 5A

ol yehdth TCT & 329 P-V SA4FAE 4
He JE&53 FA JHEJ% ZAS

%(3Sx2P) =Y 45 1EA i?ﬂ case 13} case 29I
w2 Pmpp7t 2 E5A ”5‘25 H4(35x2P) FEET
wrh, WeEeA TCT 9402Sx3P) 729 4% 194
Z7 case 13 case 291 w2 Pmpp7l HE$A Awd
H&2Sx3P) F+x2EY =

(b) Connection with blocking diodes

Fig. 7. Experimental circuit for PV generation (3Sx2P
Connection Structure).
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Fig. 8. Experimental environment for PV generation (3Sx2P
Connection Structure).
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Fig. 9. Experimental P-V characteristic curve by partial
shadow conditions in serial prioritized 3Sx2P connection
structure.
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