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Abstract

In this paper, we propose a new method to detect defective string(s) in a photovoltaic (PV) array,

in which the temporal variation of string current is employed since it is easily measured in generation

mode, independently of the scale of photovoltaic systems. Based on the results of experimental works

using both a newly-installed and 20-years-old PV systems, it is demonstrated that the amplitude of string

current variation corresponds to the voltage-current characteristics of the target string at the operation

voltage of power conditioning system. Numerical results using a simple PV array model quantitatively

confirm the experimental results. Two parameters are newly proposed to visualize the measured data. It

is illustrated that those two parameters are useful to this end, and consequently, make it possible to easily

evaluate the conditions of target string such as power loss and cluster loss.
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Table 1 Nominal value of PV module and configuration of

PV array.

F 1 PVEVa— LOAHEEL T LA ORERK
Specifications of PV module (polycrystal silicon)
Maximum power (Pq) 1083 W
Open circuit voltage (V) 31.7 V
Short circuit current (/) 513 A
Maximum power voltage (V) 239 V
Maximum power current () 454 A
Configuration of PV string and PV array
Number of series PV modules of string 12 modules
Number of strings in PV array S strings
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Fig.1 Typical waveforms of PV string current and
operation voltage.
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Fig.2 Schematic diagram of Vo fluctuation and resulting /oy
fluctuation based on I-V curve of a PV string.
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Fig.3 Developed instrument to measure multi-channel PV
string currents.
B3 BHIEL7-A RV v 7R

Table 2  Specification of measurement instrument.
#* 2 WEIEEOAER

DC current sensor DC voltage probe Pyranometer
Range -10~10 A -1000~1000V |  0~2000 W/m?
Accuracy +0.1 A 20V 2 %
Number of channel 10 1 1
?:zi:]emem 0.2 sec, 0.5 sec, 1 sec, 5 sec, 10 sec, 1 min, 10 min

Fig4 Measurement status with the developed string current
measuring device.
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Fig.5 Fluctuation in string currents and solar irradiance
(a sunny day).
M5 KA T OERLOAHNREDEL
(trif o A)

Fig.6  Fluctuation in string currents and solar irradiance
(a day when the sunlight change is intense).
6 £ LY T OBHKOH HEEDE(
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Table 3  Average of the current fluctuation of each string in
Fig.5 and Fig.6
£ 3 K5RUK6IZBITDHA RN 7 EHRIRIED

R fE
Fig.5 Fig.6
String 1 99.9 mA 63.5 mA
String 2 74.1 mA 50.9 mA
String 3 94.6 mA 70.8 mA
String 4 99.1 mA 76.6 mA
String 5 80.8 mA 56.3 mA
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Fig.7 -V curve of each string.
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Table4 Value of J(y=265) and 4/ in each PV string.
F 4 KAN) T D Ly=165& Al DIE

L= 265 [A] Al [A]
String 1 1.98 0.62
String 2 1.36 0.41
String 3 1.36 0.55
String 4 1.45 0.66
String 5 2.17 0.30
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A MY T BERORER & ORGREE TS0, KI5GE
DT LA AR ZER L, A MU T OMIKT Z i
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ELHHEHT, Ripa 1334 /X ZL— F D EFHEFT 2 B L Tu
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Fig.8 Equivalent circuit used for LTspice simulation.
( Left : cell-string model, Right : cluster model )
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Fig.9 Equivalent circuit of PV array used for
LTspice simulation.
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Table 5 Values of parameters used for LTspice simulation.
# 5 LTspice ¥ = L— 3 VTHWZEIEED

HINTA—H
PV Cell-string Cluster, PV Array
Ipn [A] 5.13 Res, Ripd, Rt [€2] I
R [Q] 0.30 Number of PV string 5
R [Q] 60 Number of clusters in PV string | 36

3.2 BERKYITDYZTaL— Y
CORPEY I o b— g K A REARE B A b
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5V TWHY L L FERRICEE 2 AT S T K1 RO
BREEM R L2 Yih, A NY 7 OEESIZK 11 0O T
AT BRETRY, Ve \ZIIT DENMEENLE (Up) 1 4.61 A, FK
BT &/ NERDZE AL 016 A L7825,
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Fig.10 Simulated result of the I-V curve of a single string
and P-V curve of PV array in a normal state.
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Fig.11 Enlarged view near maximum power point in Fig. 10.
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Fig.12 Changes in the I-V curves of Stringl with
increase of Ry1.
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Fig.13 Changes in the /,y and 47 of String 1 with increase
OfRstI.
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Fig.14 Changes in the I-V curves of Stringl with
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Fig.16  Dcc-Desplot of Site A (sunny day).
P16 P4 b AD De-Dg7 7 b (PRI

0.2

oString 1 ~ String 5
v String 2 XString 6
@ String 3 AString 7
©String 4 +String 8

Dy [-]

0.3 0.4 0.5

Fig.17  Decc-D¢rplot of site B (sunny day).
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