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Development of intelligent protection for photovoltaic systems
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Abstract

Recently, renewable energy production methods, including photovoltaic generation, have been the
subject of considerable worldwide interest. The amount of electricity produced by photovoltaic
systems is currently increasing every year. Although such systems are believed to be relatively safe
and maintenance-free, various failures and accidents have been reported.

This paper proposes an intelligent protection system that detects short-circuit faults in a photovoltaic
generation system. It is composed of a power unit, a single-chip microcomputer and a relay. The
voltage and the current in the system are monitored by the microcomputer, which can open the relay
if short-circuit conditions are detected. Using ZigBee, which is a short distance wireless network, it is
possible to perform real-time monitoring of the system from an indoor location. Using this method, it is
possible to minimize trouble in photovoltaic generation systems. Its effectiveness has been confirmed
by applying it to a real power generation system.
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Table 1 Photovoltaic ratings value.

Open voltage 42.5[V]
Short-circuit current 3.25[A]
Maximum power voltage 33.8[V]
Maximum power current 3.02 [A]
Maximum output power 102 [W]

35

3 r mnn[W/mq/
= 25 1 800[W/m?| —
S 2t
5 600[Wm2] —
g 1.5
© b sowmy
05 1 so0rwimzy —
0 . . .
0 50 100 150 200 250 300

Voltage[ V]

Fig4 1V and Pmax characteristic (theoretical value)
B4 1- V4HEe Pmax 850 (FEaHTHE)

Kb A ) F—



g - Y- e - Wl B - ARE - R - —

3.5

3 1000iWm—
22'5 | soopw/mz —
= 2
5
E L5 | soorwm —
|} s

400[W/m2| —
0.5
0
0 50 100 150 200 250 300

Voltage [V]

Fig5 IV and Pmax characteristic (experimental value)
5 I — VHEE Pmax B (FEMH)

BEL—HLTWBI Edbros, HL, BRE
JEE B REBIEIZOWTIIRE R o7 T,
— V2T H SRR T SR RO R IR LA
T5E LB, AMNEEERE & FRELIZHD
T AN D L7200 THL. ZOOKGEBOIR
FEOZALLKERENTH L EHESND. E512,
K HHBIHEDRE SN TISEDERBL T
HZENPHL—HTHLEEZLNS.

WIZH 4 L5128 &9 ISR LB EOH)
ERIL, A 2= % ORKEIBHEEEIZ LD FX
DIRKBENEEZBDDEEZZONL. ZD720,
ORI EY AT BV TR E A L
T, AR EN R O BT LRIt L )/
KL B7z0, BESIFRRIORTRABEDSLY
EENCBEITAZ LI2h 5.

Z 2T, KEEMMOBER & BIfEEE % FKE!
WL, ZhZNICHELREL, INoEREEBLE
HEMEZ - XEELFEIEL 0L LTW
5. ZOBEORER,
INFTEHLCE 7= b KGEDOEE,
B EZR L, A —HRZE Lz
DF—=FhLEELTWS. v F— %13 2005
H£6HIBHOHNT—THY, HEHEEZX6
R, FRIZBWT, EFI12900 [W/m®] R
L, —HHIZIIHRTHo 722 e nsb. 2
DHIZBU B A v N— 5 DR KRB S - Kb
BOT - VIEMEZX 7R, BiROM 40PV
WU X 2 AT & I 2 L e K O B E
HS, EMEICZR-TBY, 170 [V] BEOEEE
FIEAR NS E2%b b, Lo T, EERH
fili & L3S RIfENT & Eifll7— % 205 150 [V] &
L7,

7, ERBEMEIIIB RO > v o MMEP2T 100
m Q] /NS V4 XDWENEZ N0 1
[A] IZRRE L7, B> T, BEEMOBMHEIZ 1 [A]
Pk, 2oBFEOBAMEIZ 150 [V] UToHe%HE
HEBEIRRETH B L fHE LTz

Journal of JSES

_44_

Intensity of solar radiation [W/m?]
w
=4
=1

wl A N
, M

5:00 7:00 9:00

11:00  13:00  15:00  17:00  19:00
Time[hh:mm]

Fig6 Characteristic of solar radiation.
X6 HEHFE (2005456 H 31 H)

™)
—

=

Current[A]

2 &
0

0 20 40 60 80 100 120 140 160 180 200
Voltage [V]

Fig.7 1-V characteristic of PCS output.
7 PCS oWz BIr 5 IV Fiik

ZLT, ZOIRREIZR 7288, KEEibol )
Vi 7% BABCIRAE & LR ER % Y 528 & L
7z.

2.3 FEEBHEATORBRGER

B8, B L7k iriEsiE & 3 [kW] oK
Pt sEEEE B L A AN SRS, X2
VRT L) I L, SHEHGRED & X I2HkE A
A FTHEEKLIE ZOER L KD FHEKTH
5. ZZCHERRPUE, 5 [Q], 10 [Q], 20 [Q],
BLU50 [Q] LA THA. F72,1000 [W/
m’] DL EDT - VERZFBIZTORL TV,

NS OFHIMED S T — VP S B R R
WE7ay FL2bDTHA.

‘O IIRFEREDEIEL, KB S H
AL EERL, X" OIPREREIEEL 2
Mot Ry, KipE3 kW] 0I5 X
DHEET HEBEBOBER L, Bl [A] DLk,
B/ 150 [V] DINCTEIEL, 1 [A] DR CIXEfE
LTWwiw, INHORNS, BIEL7-3E TR
EMETIEMEIZEIEL TWAZ ED%bnb.

3. EFILRH:
R KBRS A7 5O T VA

2011 4F



KEHEESATLIBI LA YT ) Y v R

1552 10Q /20Q 50Q
3 [9

O~

B \
ol \\

0 50 100 150 200 250 300
Voltage [V]

Fig8 Operating characteristics of short-circuit protection
device on I-V characteristics
B8 T — VHFEICET 2 ks RSl O B ERE %

Length:40m

PV_600W Junction
PV 600W terminal
PV 600W L

Short-circuit
protector

Junctionbox —|

Utility grid

Inverter|

Boost
transformer

Fig9 Model system
9 EFIVAM

29 IR T . FMIZBWT, KB LREEEIL
kST BEER, A v N—%, AIENT VAR
LCRMICEZRLTWA, B, KELIEEHRA >~
IN=F I T H-OER T 3 (kW] 2R L7,
KB E5E TR E O ki T2 5 35[mm*] O CV 7 —
TN L) &R 40 [m] TEHMICERINT
W5, KRR, E%HET100 W] ok
B EY 22— V& 6HY|TIAN) Y 7ALT
Wb ZOAN) YT A% SIFNI LT, kT
WZHR SN TWAE, T2, A =530 5
v ARNE & RICHIIE 60 [Hz], 100 [V], HE b
7 Y AT20 [V] 2L, AkcoBmH=# 200 [V]
(ER LTV A,

DY AT LAORORHKIG T L ORI, X
I0IRT L ICIREL R ELAZEAL. £
ZHEBENCRTEHICHA~HIZBWT, BiE®E
FEOFHMZ AT 572, B 1B LT, Al
TRLZPTERBL, —8 R LTHI3ERH Y
FLTWA, X112, KEELT LA 55 08k
FirkRd. ZoEmEMEoRIE, kil L—,
A+ — FRFRWERVPBEASINT NS,

4. SKERER

RSO PRFERGE L, G 1AL, LA 150 V]
ERIMEAEELTWE. 070, BITE 554

Vol.37. No.6

Ehix, 0 [Q] ~150 [Q] o Twah. #E
LR E L, YIRS ETIVRMITR L72E
FEEICI0 D L HICA MY Y 7 ALK 1 AT
OB L. KEEREY AT L& TIES A MY
VITABHDLY, 1AM Y TARBDS, 454
A M) 2T AR ERE 4 B AW TERZ T 72,

COLZDOEBOEERMEZM 12 LX 1312,
ZigBee DE =% ) ¥ I %[ 14 12K 4 RT. 5
BiZ, 5 [Q] 2259 [Q] ¥ TOEMKIKN CTHEG
LTBY, KL TIIEFE LT5[Q] £ 60[Q]
DEBREREEZRT. 22T, M12EK1312BWT
¥, BEREOERB L OEEMEE & 4R L T\
5. FM124F, HEEEE 593 [W/m], K
Pis5 [Q] &Lk &, M131%, HEHE 632 [W/
m’], FHEHII60 [Q] O X THL. TNHDHE
FAEPLIZ, HBEICBIT2EFMEOFH 3% B [Q])
L 40% (60[Q]) Th 5D, = I THAKIEIUEL, B4
YERDVEZ 5NLDS, KL T, B TORLHE
B AR ELERL, HBIAS WIKPUE L
LCwh. 7z, BEEKISES 572 E0IEPUE
20 [Q] &4b. &b, MI2EMI3IZBWTHK
BESEERA ~ MI 1B THY), FEEOEEIIN 1

! 1
e o o !
PV1 Devicel el : '
R too, b i
1 1 1
+ C 1 H - !
@] ! i
Pv2 Device2 |! 1 ! H
[ i ' 1
Short circuit point 1 N Inverter
! 1
+__.|E oip :
-
PV3 Device3 1 H
! i
! 1
H !
T - > !
i |
PV4 | Deviced | : !

_45_

I A~ H:Measurement point I Junction Box

Fig10 Installation diagram for protection devices

10 M REEREORY) 1T

Fig.1l Junction box
BO11 #efest

Kb A F—



Lk - W - il K -

PRk - — W

(Hrra ) » 56 KbEMLO AT

BB IS

oz (Mo b)) TTHL, EIHBERIZ
WAL ozl e LCIE, KpEilo o e
ROz, HRT —70%EL, A7 v THRIZ

240 6
220 55
5
200 Point a— 1 as
180 - 4'
160 & Input voliage 5
Z 140 3 =
210t /Currem Point b 25 §
2 2 &
80 - L5
e | 1
/ 0.5
40 F Output voltage 0
0 F 0.5
0 il -1
0.99 1 Lo1
Time[s]
(a) Device 1
6
535
3
4.5
... Input vollage ] N
35 _
\ 13 =
LS pgintty 2.5
\ 3
o]
. L5
) ) 1
0.5
0
0.5
-1
Lol
(b) Device 2
240 [
20 55
200 Pointa —— =
145
180 | Ty
160 Input voltage | :5
=140 3 =
2120 Current Point b 125 8
2100 - n/ 12 &
80 1 :.5
o ]
Output \'ollage/,, 105
40 i 0
0 H /J\_\/N 0.5
] = -1
0.99 1 Lo1
Time[s]
(c) Device 3
240 [
220 5.5
200 | Pointa ——, T
180 - S 4'
el Input voltage e
=140 F 3
o =
2120 Current Pointb 125 E
2 100 / 1 &
80 :.5
ol 03
40 Output voltage 0
0 F 0.5
0 =1
0.99 1 L.01

Time[s]
(d) Device 4
Figl2 Operating characteristic
protection device

12 Fx RS E O B ERE

Journal of JSES

s of short-circuit

WA Loz bl NS,
K14 (a) 1F, = OIExfaESEE

DIEEIZEIEL,

240 o

220 5.3

200 - 3
Output voltage.

180 | ~ :'5
160 ~ 35
E 140 L Input voltage 3 E
g“lztl t /Curremr 25 §
£ 100 A
80 | 1-5

60
0.5
40 o
20 05
0t -1
0.99 1 101
Time[s]
(a) Device 1
240 [
220 4 5.3
200 Point a —— Input voltage 15
180 ;
160 . !
E 35
5 140 Pointb ] =
B0 Curren 25 §
;]00 L e . 5
-
80 :-5
60 o b N o
- 7 Output vollag 0
20 -0.5
0 -1
0.99 1 101
Time[s]
(b) Device 2
240 6
220 1 3.5
. Input voltage | 3
1 4.5
180 = \ | :
160 135
= 140 Output voltage 5k
5"120 / Current {25 §
2100 - 12 3
_
80 1 L5
11
ol 105
40 | o
0 + 4 4.5
0 . =1
0.99 1 1.01
Time[s]
(c) Device 3
240 [
220 55
. Input volt :
nput voltage 5
180 ~, :
— s Output vollage 35
140 i =
- =
2120 Current 25 E
S S 2 3
80 1.5
1
60
’ 0.5
40 0
20 0.5
0 =1
0.99 1 1.01

Time[s]

(d) Device 4

Figl3 Operating characteristics of short-circuit

protection device

13 i PRAEE B OB ERE

_46_

2011 4%



KGHEBEY AT LIZBITFLA 7)) T x v M

EILIE & F
5.

1212
B GRS [Q) RS E%E,
ZNix, ZigBee =%
)Y VEETH A 14 (b) TH4BTTELRL
.ok X, KEEFEEHA Y-

D PRFESE

VAR P
5 OBED FEF 1R L 72,
fiEl ﬁw%%ﬁm@a&<té5[Q]uT&%‘

BRI %2 BUI L T 2 R @ A5

BULERICEHLTEHT A L,

B EEL 72

L7z23> T, eai

EBRVENET 5 2 E0Shhorz.

I,

DFAEHRE % 7 S 726

K13 ICBITAERICEHAL THEET S

S Z5K Viewer for 7C Verl.1
IrMF) EE(C) BERV) IO EET) AT (H)

=) |

- COMK=F [iME%—F (Coml

-0 808,
{ ?9?0 Slgi?-i%-glﬁlz

MNEC NeCTI=7u|
£0 : tpARdn

(a) Monitoring display (Normal mode)

T Z5K Viewer for 7C Verl.1 ! ! m

2HKF) u.m}mmf}um
.| > -

COMAE=F [IEF—F (CoNT
{:Eﬂn . 4
rac il

(b)

MNEC NeCTzruzy
X8 rroNRRa |

Monitoring display (593 [W/m2], 5 [Q])

'5!9<MM(Z(MI
|h'll(l ! Mﬂlﬂ‘dﬂm“"(]

al!L ==

(c)

o

°‘K

/
m @E‘I‘J\’fﬁ sL(-?lens |.I

Monitoring display (632 [ W/m2], 60 [Q])

Figl4 ZigBee monitoring display
14 ZigBee ®E=%1) v Vi

Vol.37. No.6

HTdH

FIREH
4HET

it DR B

_47_

HEME L) BEBEN T o722 L12 L 0 IREREDH)
EL7z. 580 O 3 BORERETIE, FHERICET
OBRTEMRET L BIMEREMERTE 2, BifiLE
im# XEL7ZBMEE CITEL o220, 7
EEEE CICEES o7z, 3612, RELHEE
m4/ﬂ—§®ﬁﬁi%itﬁﬁot.lzf,:
NETHEINTVD L) BRBEIHEES AT LD
B B\ T, FAEEPUEDS IR E Vv b DA
ﬁ%@%ﬂ%&b,ﬁﬁﬁ%ﬁﬁ%&bfwéqa
DT L EEBTLE, RELIEREE FE
IR E C, MEERAIVINZ WEETD nxﬂ’ﬁ )
CEMEL TV 2 evbid, E5612, M4 (o
IZ/RT ZigBee €= %) V ZHE T, 1HB72TE
WEL7zZ&bnrb

PLEWCE D, 3EL T A REEREL, St
EAVN S e B 7 5 NS, AR PUEAS LI K
SV T O REREITE A 2 L 2R LT,

WZPREREE OBIEIRIICE LTS, ZigBee

THWAZETEEZ L CIEBTE 2 2 8050 o
7.

5. F&o

INFE TR L T &7 RAEREE T2 R
HEERL A > N7 — 27 Tdh b ZigBee # T HZ &
T, KGR EEEDOHENIGITCHENTE 5
VAT ARMEHEL, FOEEE AN 7 AHAL
BATLHIET, VAT LAEEKTOFHMEIT- 7.

BRmI2iE, 3 kW] BEOKELHEY AT A
DOKGEMT LA 4 A M) ¥ 7 AN REREE L EA
L, JUA&HRPUAE & H SR 02 LI B L C B ERFM
L7

H 585 593 [W/m?], fE#kd&Pts [Q] & L7z
L&, HMEEEET DL, 4 RETOREEE
A & BEMOBMEZ A 72720, BF L FE
WA vN—=F b EIE L7, ok &, ZigBee TO
EZS)EEATHLABEDEREL WD LR
R TE/ F/, HYIEE 632 [W/m?], iR
Pr6e0 [Q] @& XTI, I EOADOHRERENH)
TEL, fhooff#sEE clk, Bl BEMEBIMHEIC
FEL Dol 08 Y, A= 7 b EIEL%
Motz TO¥EDL ZigBee DE =% 1) ¥ JHHT
1HBEIE L7 EDRRTHD 5.

— MBI, SERERPUED N S WA, KGR
W7 LADETHOAN) 7O HDRE RTFT
Ll:OA N=F{EILTLEEZONDL. TDT
W, FERINIBNCTHREIERTE L. LaL,

N I



g - Y- e - Wl B - ARE - R - —

THEARPIOTR B WIGEE, KBl T L 4 D4eTo
AN Y TORNDETATT A2 TA 2N—=%
EIEL vz, BEEB#TAIZ LI TE R
LEZOND.

LA 5T, KEFEMT LA TIDX) RIREEIC
fas &, 1k KM R FH 2D % 53 % W e
Wb, FIT, KL TS L E%REEED
BAIZXY, WMEEEAETTEZ, AT ADPLRHS
BHIZ LT, KBRS RN L8
TX5%.

BB, FERN ZigBee DEZ=F ) ¥ ZHH %
HEN7ZAEDNS TORLZENTE L0, FHig®
WEDOMRENPREICTEL LD EEZTWD, HFIZ,
FEREIEAINIZKREEHEE Y AT L12BWT
DKRGEMOIREILIRIZIE, ARTHLb0EED
n5.

DRI & Y, isHERi s = 72 ik P se
BOENEERMHERT LI ENTELLEEZTVS,
SHEOMEE LT, PREEEDE L BT 5 E
Tifl & BEMEOMMFEE R /) 1 AxHEB LU, il
DREENE - A EDRIRD DTSN 5.

HEE

RFe % BT HI2H720, K22 SEEEM L
¥R WA FYud s MFZEB OE
vzl Hit) L—r2EIEI s R—F Y IR
L CTHW2, C CICBRESMICEHORERL
ESc

SER

(1) FKAHIE | BME , P, kg2 - [T
FETANT—EBAIIBITLE I AT LDOHE
-TEAG R - EH oS AL E AT RE T AL
F—WDTFH -], BREFEZAYR) A0t -
REE Y AT AWFFERERL VoLMES1, Nol-
14, Pagel-5, (2011.01.27)

(2) #k oL THATREZ AV —EF & OFFIC
WV 7253 2770) > Rl o EIN B |, 525 B,
Vol130, Noll, pp928-931 (2010)

(3) Tk, BEEK [ KEIEEEY AT LK
OoENDLLDODKREGNHEBEBDLY AT AL VT T
L—%—& L COFEMBREEEREDORKNILE %
FELEROER] NTT 77375714 —X
Y ¥ — F b, Vold8 No.283, Page.l4-15
(2011.01.15)

Journal of JSES

_48_

(4) BHBEEE KR — 2=, http//www.meti.
goJjp/

(5) INEERIE T REEIEHEE S AT 2 OAREALFH]
7 7 4 )V PVRessQ! 22 & OB A |, H
FI TR+, pp.19

(6) MEEAIE - [ R E Y AT 2 OAREEHH]
Do AT - B (1) KB = % )V F —  vol33,
No4 pp.69-74

(7) Ewkas, AR, KR, me1L [EEH
K HHEY AT LOAEEGHEFNHET 2 %E
BoRE#EmNAL], BEXFRE) - ZAVEF I
MK 4 & ¢ % (CD-ROM), Vol2009Page.
ROMBUN NO.146 (2009.08.18)

(8) HWHBL  [KBLEEI AT LOML & A~
T AEBKEGEBREY 2 IVORNEEEH,
D1F %751k TPV RessQ| O —R#EHE LD |,
vV — 7 — ¥ A 7 A, Noll6, Page34-35
(2009.05.29)

(9) MH—IE, @K, TR [l 7V
T HW72 PV L VNOAREET ], KE /)&
T AV F — B U4, Vol2010, Page543-
546 (2010.11.04)

(10) AR, FEEM, WIEZ, SHAOAN, K
HiEZ , SR, —WE, LS R
WHE L AT LIIBIT 5 I IREEE DRSS,
BRFETHLEE B, Vol130, No.2pp.259-260

(11) FEEM, BARR, IKHIEZ , SHAAN, %
RIS [RGB ICEEY AT LA D720 0 HE& R
EEBEBORK], BEXFRE - ZAVEF I
MKk & & X % (CD-ROM), Vol2009 pp.
ROMBUNNO.117

(12) WHFM, e, WIIEE, SHAA , %
T, —HEE LML [ KRB EICBLT
LA T Yy MREEEOREE] B
LB T AN F — MRS CE (CD-
ROM), Vol2010 No.149

(13) & =i - KEE#EM (Solar Cell), 737 —#t,
pp.19 ~ 36, 1983

(14) BEHEME, R @ KGR EA N —
BRI OER, 4 —24 BFE2HH, +—
2%k, p79 ~ 84, 1995

(15) Photon International The Photovoltaic
Magazine, PHOTON Europe GmbH, pl02 ~
115, August 2009 , http://www.photon-

magazine.com/

2011 4F





