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Abstract

When bypass circuit of the PV module is opened and some solar cells are covered by a partial shadow, it
is possible that a reverse voltage applies the cells and they become hot spot. The purpose of this study is to
establish an easy technology of detection of bypass circuit open fault. So far we have reported that we
developed the technology for detecting an open fault position of bypass circuit in a string, by observing the
surface temperature change of the solar cell using DC power supply and infrared camera. And we make a
binary format image by setting a threshold after quantifying the thermal image taken with an infrared
camera and calculating the temperature rise from the start of the reverse voltage application. Detection by

binary format image is easier than detection by thermal image. In this report, we describe the results of

fundamental study on this detection technology.
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Table 1 Specification of PV module
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Type Poly-Si

Pm 70.0W

Voc 22.1V

Isc 4.30A

Vpm 17.9V
Bypass Diode 2
The number of cells 36
The number of clusters 2

Table 2 Specification of IR Camera
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Manufacturer testo
Model Testo-881
View angle 327 X23°
Measuring range Rangel : -20~100C
Range2: 0~350°C
Number of pixels 160x120
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Table 3 Test Condition for Influence by Irradiance

F3 ASBEIC LD REORESM
Applied Voltage Voc X 1.0
High More than 900W/m?2
Irradiance Condition Middle 500~ T50W/m®
Low Less than 200W/m?
No OW/m?

Table 4 Test Condition for Influence by Applied Voltage

F 4 HUNEEIC X 2B oRBR
Irradiance Applied Voltage
High Voc X0.5, 1.0, 2.0
No Voc X 1.0, 2.0, 3.0, 4.0
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Table 5 Ambient Temperature and Wind Velocity
# 5 AR L O

Ambient Temperature Wind Velocity
High 25.9~32.8C 0.04~3.47m/s
Middle 33.5~37.1C 0.14~3.82m/s
Low 20.0~21.6C 0.04~2.27m/s
No 15.0~14.7C —
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Fig. 7 Thermal Image (High Irradiance)
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Fig. 8 Binary Format Image (High Irradiance)
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Fig. 9 Thermal Image (Middle Irradiance)
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Fig. 10 Binary Format Image (Middle Irradiance)
10 —fEfbiitg (h A4

Fig. 11 XK AHEEFOBER TH D, HFIV NSV R
77 AR OHBEE /NS LY, o RO 05X
DI R ORI L.

WA B 0 B L% % Fig. 12 1273, Fig. 11 T
IR FROMERN CTE -7 80 B ThH, Bz 0.3C
ICHRETDHIECTRE 7 TAXERIBTXS. Lo, i
JE BRI/ N E WD, 180 ki A B 1.0°ClekE LT
LE D EMENEEECZR D, BENNEIWES, HHICE
HIER 7 T AZDIRE LHB/NESL 2570, mAHB X
O AR OB R L 0 b/ SWVBEEEZRE L THKR
HAFREE 72, LU 7 4 —/V RTIEEY 2—/b
BNIEFICEL, o, BEEI TAXERE 7 T A X DX

BRI T LD Db SRI A DR TRIME A4 # B 22 i1
RET D Z EIEARAMREIZIT . 2072, w722 EE O
AENEETHD.

Fig. 13 13K M AE L= BN BROBER Ch 5. g
TIFH D 480 FEEEFEFTH A N Y VT INOIREZA L 8 T

Vol.43. No.3

_47_

X72V. Fig 14 13XENFBRICISIT 5 480 FORRINFD —fi ki
BT o0, MiEE 0.0°C FLVN0.1°C & IEFIT/ N SVEEIC
WIE L CHEE 7 7 A OIRE ER%KRITE R\ 2, Voe
X 1.0 FIIIREOEN(H SHE L) TORMIZTE RN E VR 5.

Elapsed Time 80sec

Elapsed Time Osec

EEOFOEOE OROK

Irradiance=138.8W/m? -
Elapsed Time 120sec : "

Fig. 11  Thermal Image (Low Irradiance)
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Fig. 12 Binary Format Image (Low Irradiance)
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Fig. 14 Binary Format Image (No Irradiance)
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Table 6 Ambient Temperature and Wind Velocity (High

Irradiance)
F o JHPHEE RS JOEE (& H &)
Ambient Temperature Wind Velocity
Vocx0.5 26.0~30.8°C 0.08~3.41m/s
Vocx2.0 24.5~29.1°C 0.03~3.05m/s

Table 7 Ambient Temperature (No Irradiance)
7 JFFRE (ASMmEL)

Ambient Temperature
Vocx2.0 18.6~19.0C
Vocx3.0 18.8~19.1C
Vocx4.0 18.6~18.9C

Elapsed Time Osec

Elapsed Time 30sec

Irradiance=929 . 8W/m?

Elapsed Time 90sec

Irradiance=929.4W/m? Irradiance=927.9W/m?

Fig. 16 Thermal Image (High Irradiance: Voc X 2.0)
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Fig. 17 Binary Format Image (High Irradiance: Voc X 2.0)
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Fig. 18 Thermal Image(High Irradiance: Voc X 0.5)
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