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Development of a sundial fault detection method using machine learning to
prevent fires in photovoltaic system
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The rapid growth of photovoltaic systems highlights the importance of
addressing catastrophic failures, particularly short circuits in bypass diodes (BPDs) that can lead
to fires. Developing an early detection method is crucial. The sundial fault detection method allows
the identification of faulty BPDs using basic measurement data. In this study, 1 confirmed the
feasibility of locating a solar cell with a faulty BPD among many cells. This is achieved by using a
shading pole to create a moving partial shadow synchronized with the sun®s movement. Machine
learning is applied to analyze continuously measured data, for detecting abnormal values. The
findings indicate that it"s possible to identify the location of a faulty BPD among multiple solar

cells by utilizing machine learning to detect anomalous values in the data pertaining to solar
irradiance, maximum power point power, and maximum power point current.



PVS
BPD
BPD 1
1 BPD
PV BPD
P\/
PVS
BPD
2016 BPD
PVS
2023
2018 5
BPD PV
BPD
BPD
BPD
1 BPD
PV BPD PV
BPD
PV BPD PV
BPD
1 BPD -V
a BPD PV
BY, b
BPD PV BPD
-V PV



‘ ‘ ‘ 15 ‘ ‘ ‘
— No shading — No shading
— Partial shading — Partia shading on the module A
< 1or ] < 1.0r__ partial shading on the module B
B I
3 o.sﬂ ] 305
0% 10 20 30 40 50 60 70 0.05 B
"0 10 20 30 40 50 60 70
Voltagel V] Voltage(V)
a PV b BPD PV
1 BPD -V
-V BPD BPD
2
3 PV KIS GT20
24 W 22.4V 1.40A
W350x H538 mm PV
1 PVS
BPD W87.5
x H530 mm PV
2
BPD B )
A
C 20mm
A
BPD PV
3
BPD PV
PV
3 PV
25 mm i
A 3
BPD B
C

BPD



3
1 BPD
4 PV
FF Prex
lpm
2 Prax  lpm
BPD B
a
BPD B
-V FF
0.73 BPD
A C I-
v FF
0.58 b c
Prex lpm BPD
B
Prrex 47.6 W/KW/M2 | o
1.36 A/KW/m? BPD
A C
Prrex
382 WKW/M2 o
1.00 A/KW/m?
P\/
BPD
FF
PV
PCS
Prex lpm PCS
MPPT
PVS
PVS
Prrex lpm
PV
2
5 PV

BPD

0.2f o—With normal BPDs

o—With a fault BPD

90070 20 30 40 50 60 70 80 901001 10
Shading position(cm)

£ o—With normal BPDs
10r o—With a fault BPD
% 1020 30 40 50 60 70 80 90100110
Shading position(cm)
b Prrax
£10°
=
~
<
=05 ]
K3 o—With normal BPDs
o—With a fault BPD
000 1020 30 40 50 60 70 80 90100110
Shading position(cm)
Cc |pm
4 BPD
P\/
BPD



BPD B

Prax | pm

g
5

| o (AZKW/m?)

BPD

Py (W/KW/M?)
85

N
o
T
L
o
ul

Pnax I pm
10¢

O 1 1 1 1 1 1 1 1 Oo
10:00 11:.00 1200 13:00 14:.00 15:00
Time(hh:mm)

Il

BPD PV

©
S
o
)
2
°
°
L

o

CO!
o
(0]
T
°
o
00 o
_ _W _c -

® o
D0 .. P. o g0 S0,

mal
o
D
T
o o
°
01500

00 0%

o

1000 11:00 12:00 13:00 14:.00 15:00
Time(hh:mm)

0.7 6

0.7

154 11

71 1683

0.7
93.3% 68.4%

BPD



3 3 0 0

Hamada Toshiyuki Nakamoto Kenta Nanno Ikuo Ishikura Norio Oke Shinichiro Fujii Masayuki 598LNEE

Characteristics of Failed Bypass Diodes for Photovoltaic Module by Artificial and Natural 2020

Lightning

Lecture Notes in Electrical Engineering 1218 1224
DOl

10.1007/978-3-030-31676-1_113

Salu Naomi Urai Oke Shinichiro Ohtake Hideaki 214

Impact of overloading of photovoltaic arrays on the evaluation of photovoltaic power generation 2023

forecasts

Electric Power Systems Research

108930 108930

DOl
10.1016/j .epsr.2022.108930

42

2022

16 17

DOl
10.14936/tieiej.42.3_16

19 0 5

CPV+

2021 pp.173-176 (2021)

2021




2021 pp.127-130 (2021)

2021

2021 pp.55-56 (2021)

2021

S. Koyama, I. Nanno, K. Yamamoto, T. Hamada, S. Oke, N. Ishikura, M. Fujii

Proposal of Open Failure BPD Diagnosis in PVS and Shade Data Generation Method

IEEE 47th Photovoltaic Specialists Conference (PVSC-47, Virtual meeting), Proc. of PVSC-47, No. #485, ISSN: 0160-8371, June
15 - August 21, (2020), Date Added to IEEE Xplore: 05 January 2021

2021

T. Uramatsu, 1. Nanno, T. Hamada, S. Oke, N. Ishikura, M. Fujii

Prediction of Average Si Temperature inside BPD under lightning Surge by Electric and Temperature Coupled Model

IEEE 47th Photovoltaic Specialists Conference (PVSC-47, Virtual meeting), Proc. of PVSC-47, No. #143, ISSN: 0160-8371, June
15 - August 21, (2020), Date Added to IEEE Xplore: 05 January 2021

2021




T. Hamada, S. Yoneda, I. Nanno, N. Ishikura, S. Oke, M. Fujii

Effect on Bypass Diodes of Passing an Impulse Current through the Metal Frame of a Photovoltaic Module

IEEE 47th Photovoltaic Specialists Conference (PVSC-47, Virtual meeting), Proc. of PVSC-47, No. #686, ISSN: 0160-8371, June
15 - August 21, (2020), Date Added to IEEE Xplore: 05 January 2021

2021

T. Hamada, K. Nakamoto, I. Nanno, N. Ishikura, S. Oke, M. Fujii

Fault Characteristics of Schottky Barrier Diode used as Bypass Diode in Photovoltaic Module against Repetitive Surges

IEEE 47th Photovoltaic Specialists Conference (PVSC-47, Virtual meeting), Proc. of PVSC-47, No. #291, ISSN: 0160-8371, June
15 - August 21, (2020), Date Added to IEEE Xplore: 05 January 2021

2021

3 7-010 (2021)

2021

BPD PVS 1-V PV

17 No.PA-4 (2020)

2020




20

2020 71 R20-07-02-01 (2020)
2020
-V FB
2020 71 R20-07-02-05 (2020)
2020
2020 71 R20-07-03-01(2020)
2020
2020 71 R20-07-03-03 (2020)

2020




CPV+

2 348 (2020)

2020

Tomoki Azuma, Toshiyuki Hamada, Ikuo Nanno, Masayuki Fujii, Norio Ishikura and Shinichiro Oke

STUDY ON THE RELATIONSHIP BETWEEN POWER CONSUMPTION AND ELECTRICAL CHARACTERISTICS OF A FAILED BPD DURING LOAD OPERATION OF
A PHOTOVOLTAIC MODULE WITH BYPASS DIODE FAILURE

Grand Renewable Energy 2022 International Conference (GRE2022), No. 100035, December 2022, Online conference.

2022

2022 pp.131-134 (2022)

2022

PV

2022  73) 2022 10 22

2022




4 214 (2022)

2022

BPD PVS 4 -V CPS

2022 D No. 2-S14-6 2022 9 1
2022




