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Abstract

Photovoltaic systems cause electric shock accidents. Accidents have been reported wherein a
firefighter who has extinguished a fire in a solar power generation facility has received an electrical
shock. Additionally, there is a risk of electrical shock when touching a photovoltaic module scattered
by wind. Specifically, rapid shutdown is popular in the USA to prevent electrical shock accidents
during firefighting activities. When rapid shutdown is activated, the photovoltaic system enters a low
voltage state. However, this rapid shutdown can only prevent electrical shock accidents during
firefighting activities. Furthermore, to introduce rapid shutdown in established photovoltaic systems,
the power conditioner may have to be replaced. Therefore, in this study, we propose a system that uses

an electromagnetic relay to prevent electrical shock accidents and scattering of photovoltaic modules in

pv LI

photovoltaic systems,

introduced into installed photovoltaic systems.

caused by fire extinguishing activities.

The proposed system can be easily
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FenETIE, BEEMAsERHIEOBEALRE, KR E
A7 I (Photovoltaic System: PVS) 3 s IZ K LT\ 5.
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WCEBEFEE FUHE LT, PVS BEEZ AME~DREN/N
7 EIEE THIBR T AHEEETH 5. FeHSETIX NEC 690.12
D XD RBRENIAT O TR, PVS ORFOKRME L 224
WEBETLHE, FVY KUYy MU UOEAILPVS IC
X OB FHRBUICAEN R FETHD L D, BITEKRE
TiX, PV BV 2 — /VHEAL CHEHNFIEHEZITO >~ A 7 1
AUN=EZRERLTEBVO, Ty Ry y M DX
~A7uaA =L O E L TR ENTND. LR
S>C, BICBEHL CWHPVSICTE Y Ry y RE T
AT N BAT DINIEER DA 2N —F DN LB L 7
5728, BAIRX NEOMEIIKRE W, £, FEv v
Y MDY AT AT KIE TR O WA R B 0 BB 1
FHBELTEBY, RERETHRBELEZ PV £V 2—C
XD REEFHIIHE L TWH2R0,

Z ZCARFSETIE, BREICEE LT\ D PVS IZEINEAR]
e, KEOALRLTREIZL VML PV £V 2 —
T K B REEF A I bt U728 Ly PVS O il
Bl 27 K& RET 5. #id v A7 MMTITER ) L—%
AW AT AR RET D & LI, RERORUER U'E)
VEMERARBRE 1T o 72

2. JEY ROy Y MO UDOHE

NEC 132Kk % (National Fire Protection Association:

NFPA) MREEEZIT-TEY, BEYSEIXHED
Bk, BERHILEMEICE T 2B OUUE 2 A 2 L ITAT
S2TND. T8y Ry y MU T 690 55 12 AT
HESNTWS., ok, FJEy Rvyy NEFUUOEB
TRV KIEENCEF T D EIR B ORER 1L TH b, i
REAKB IR E Y AT DTN CTHD.

Ty Ry vy MU EE, KBBEmT LAICHR D
LT D BT # 2 Wi E 9 5 2 & T PVS B A KE
JERBEIZHIR T DHRETH D, T8y Fovy hE T T
PVS %Al R T2 DIMTERIE ST A A FE ) B i@
ECEDHLDOTHAINENRHD. F¥y Rrvy hF T
EE% O PVS BHOHIRETZLL TR, 7223, il
BRLL, KRB AT LORIFETHY, FREITT
LA 22 BATOHF AN 305mm (1ft) L ERIINLTND.
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Fig. 1 Schematic diagram of our proposed electrical shock

prevention system.
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(1 WAD ICERER LT TS U L—ER (2 K
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IV D s BRI L — P IR L 0 R E S A BliAA, A
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BoT, & L—0OBE A = A L~ bl A IR O ks &
HHT 2 2 & TARIBE VAT LOBEERITZ DAL E EB
L7z, AERY AT MIBEFED PVS (ISEIBEATTRETH Y
, BEFOA N A o NR—H BIERATE S0, ~A4 7
BA L NR=FFRIZTIEY Ry y NI TV AT A%
BIMEATAHIELV AT AR MIEREEZOND.
72771, ZOHOBBRICEATIC PV BV 2 — A RNREBE I
WP — AT D PV £V 2—/LTlE, PVEY 22— 1
1 MDBFERDOYE, VAT LAORMNLIEINZIR D720, fi
THELEA R N TOBAMIETNEL 2D L TIRIN
D.
3.2 ARBREIVRATLOBEHE

AREV AT LEHA L PVS TliE, &Y L—0BREIH
A JCEIAE L TS 5 MR H D, BRI = A L
B SNTGE, c B8 Y L—o NO-COM ii1-[H
KON a Y L—0 NO-COM S - E@EL, PV EY =
—ANEFBHESNTZA M) TR, 7B, PVS Ol
FIEREE (RBRGIE Y AT A OFF) ([CB W CHR#ES A 4
— FiX NO-COM [HCHf& N TV DT, RERFOAR

TIE7 B,

éﬁ KSR ENNVFEA L, PVS % EER) D IKER
R (REBLGIET AT A 0 ON) ITBAT S ® 2 121X BRE) A
aAVEIMET D720 OBIHE A LD L. BEEIH
A N~DOEBEBIREEHSOE ¢ #ERY L—IX NC-NO ¥t 1-
MNE@EL, RES A —REH LT PV BV 2— L0
WEND., ZDLE, PV EY2a— O NETEITRHES
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A A —FROILH ENVEELITEFELL D, 72, ¢ #
MY L—IZ& Y PV ®Y 2 — RO RREZAT 5 L IRk
W2 a #E8Y L—3 PV Va2 — LRt OBR Ry S5

IHIZEY, ¢ BERY L—DREHRIED PV £V 2 —/b
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Fig. 1 IR {R#E L A A — N c i) L—% PVS KX
PV BV 2 — )L OWRELEN LRET A7 T 5. 2
H=ANY L—IIMBICER AT R A DT, U L—
2 CHERE) 0 B ZEEORRICIE B2 ERNAE LS. Lz
BoT, VL —0EROEY R FRFRITY L —{E % )
RNBIESSENELD. £z, BEROYIVFEZ OB
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ERLHEEE RO BRR L 2D, F2T, AERV AT AT
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ZHid 2 & T NO-COM MICHIIN &N 2 EBIE I R#ES A A4
— RO H B0 BEREICHBCE 2.

T, EANCER LTS ¢ ALY L—DO8E SR KFF
KRETFTENLOTEH DCIOVREETHY, PVEY 2—/L
| MOBMEBIEIZT CTHUIRBEEZBIDHEERHD. ¢
B U L—2 INOJ 75 INC) ~BE8)0 B2 @ EARLT
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D # % FFZ NC-COM RIICHIINE N A BEE PV EV 2—)L
OBKEBEEL VIR#ES A A — FONH EN Y EEEZZ LS
W2 BIEfE £ THIBRY 5 2 kac%EJV~ﬁE®&&%
RELTVD. 28, aBERY L—IZZPVS DA MY 7
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4.1 EEBAE

KIEZED PVS OEEBFHPIL AT L%R IEL, PVS
A U7 R BRIE IR 0 SR EE B L OV BR 24T o 7. Fig. 2
(BN ERBR B A 7R 3. EERBREREE L OARRBR T AW
U L —Ofk% Table 1 & O Table 2 12779, EhifEABR
T, AMY U7 EEHELTC 3 KESEER L PV £V
—/L (CS-236B31, RMPEZE (Bk) , AWBAKGERE 347 V
, ATMEASTEDT 8.95 A, AT K236 W) DI A
ZEHPT (TRHIO00A1G, (BR) #~A—2L) ZHki L CE
KRR 2R L7c. 7238, AMBEH OB THY
72 PV EY 2 — VOEMBINIB W TRRKEIA LD 95
Q & L7 KEREN oA A ~DE U RE R E L ETR
(PMX-35-1A, KETLE B ) IcTkB L. BUE
U 72 AP 1k & 2 7 A DEVERTR DRI OIRFEDOHERIT,
T —#nr#— (LR8400, HEEMK ) ®, o7V 7
JEH 10 ms, o 7Y V7 JEBEE 100 Hz) IZTPV £V
—)L 3 M DB HBIE Vo, Vo, Ve KOARHIHIOEBIE Vi &
BIE L. £, SRES A A— RTINS BT L, b, I %
OCETHRPLCTN 2B F LI13ERE Y (CT7631, AEE
B ) ) lcTiE L.

DC power
supply

bo ),

E / COM
NO|CcOM

é NCO T[a

Photovoltaic T Va
module I

Fig. 2 Schematic diagram of operation test.
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Table 1 Test environment

Test day and time September 25, 2019 13:00-13:20
Test site Rooftop of Mechanical/Electrical
Engineering Bldg.
North latitude: 33.955239
East longitude: 131.273845
Temperature 254°C
Humidity 65 %
Solar radiation 890 W/m?

Table 2 Specifications of electromagnetic relay

Make relay Transfer contact
relay
Type GY9EJ-1-E G2R-1-SND
Maximum contact DC 400V DC30V
voltage
Maximum contact 15 A 10 A
current
Contact resistance <100 mQ <30 mQ
Power consumption of 1.2W 0.53 W
coil for drive relay

- 106 —

4.2 RERER

Fig. 3 (CRRBR[EIE 0 18 7 KRS & OVRETERS R IERFIC
BIID%E PV EV2— VOHHEE, SIRESLAA4— e
WD L R EROEE, EifErT. FX@)E
v, EERBREREEIC W TR e 27 A OFF IR Ch 5
TEHFEERAE (0.00 <1<4.00) TlX, &PVEY2—LOHY)
B Vay Vi, VelRTH 25V, AFHEGTHOEE VX 75 V ThD
. FET, FIXb) L ARHSUDEN F1X 79 A THY, (75E
HA A— RITHNA BT 0 A ThDHZ L aMER LTz 7ok, [FAE
TR L QD L IR DD, ZHUIh—A &AL DIk
BB N BIEAT 72720 Th D, Blas, KU L
— RN A MR A BT L WA AT A THVZY L—
TRCOWEEFENEZHHT D36 W Thote. BOEICKIT S
FERARGEEES AT LD AT RS-0 D 1 FHO%
HaE/JE 3 1000 KWhKW FEE L ST 50, AR RSk
THIVYZ PV BV 2L OEFHE T 236W X3 HE=108W THY,
AT —4 &R A oOREEIEA e T 5 & 708kWh L7
—%, AHEGE AT AOBERBR ALY LR 2o Ao
BIHFENT 36W ThD., AEETHRRELIZU AT AR TUT
, ZAN 1 A e CENME Livd T DiiE L 2o TR Y, B
B A VOFHOINERE DRI L 3154 kWh &72%. iUt
, BERBR CHY Y=o AT LOFRPEEE 10D 445% 0495
. BSOS MU CIIREE RIS T2 U L—BREH =1 Lo
HEAENED D HENSIIANMEE L © &/ &7 b D& 72573, IE
FEERA I L—EBREIH oA NA~OE SRR S A s L
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27, BINHEDRENEENS.

WIZ, BEEBHIES AT 2AS ON & 722 A REEDIRREE 400 < 1 <
850) T, PV T a—LOHIIEL Vi, Vo, Vel HFGES A F— RD
SO RV EEE 70D 4V ERL, AREFTHIOEE VX0V L
oz UIhoT, afilill L=k D45 PV B2 —L OB
IR CE Tz —7, YA A4 — NdEd 280 Ly by, LI
FTHHRIS5 A L72Y, cHERY L—IZL B PV BV 2— L oEkE
MR CE T, 0%, FEAREAWEFIERRIE 850 <¢<1000) 12
L, REEBAIRRAERA TR (0.00 << 4.00) LREEEOELER
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Fig. 3 Voltage and current waveform of protection diode, load

and PV module at electrical shock prevention system ON/OFF.
5. SEATRI & DILEERURE

Fox NRETBEEN LS AT K EFEICY L—2
L 7= PVS MUFIEER 1LY 2T AT D0 BR STV D
. ED1DIZPVS I L DEEEK LT 572D, Ub—
IZE D& PV BV 2— VOB A MRIRT 5 FIERH 5.
Fig. 4 [CV AT LAOWMEEZRYT. OV AT LIE PVS &
FIEIRT A5, SN X A1EETall KWal2 ®VU L
— A S AEL o TV A, AT MERIE, 1L
DIZY b—all KW al2 ZEESE D L, WIBED PV £V
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Fig. 4 Prevention of electrical shock system
(Ref. 7) Fig. 5 Simplification)
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