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Islanding Detection for Grid-connected PV Inverter

under Parallel Operation
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Abstract

Islanding protection of a grid-connected photovoltaic

(PV) inverter is a key function for standards

compliance. Unintentional islanding results in safety hazards, reliability, and many other issues. Therefore,
many anti-islanding schemes have been examined. However, existing anti-islanding schemes have poor power
quality and non-detection zone issues. Moreover, most schemes have problems that deteriorate the performance

of islanding detection under parallel operation. Therefore, this paper proposes a novel anti-islanding scheme

that has negligible power quality degradation and has no non-detection zone and islanding detection under a

parallel operation. Both simulation and experimental results validate the proposed scheme.
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Fig. 2. Concept map of PCS parallel operation.
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Fig. 3. Efficiency and THD comparison of single and
parallel PCS.

il LD i U, £
i

1100 ik Wi s i

e L)

4 Substation [N ™
" breaker S Substation
closad breaker
¢losad

Wy g L4 W 3 WA W RN
U a1 A B rAN frna |.rlﬂb. ;rlu |H|n. (b AT E Y T E LT L P AT
e 14 02
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Fig. 5. Islanding test result of A and B inverter.

AR
I RN
I

ARSI

ARSI,

(a) Inverter A2 unit, B1unit (b) Inverter A1 unit, B 2 unit

Fig. 6. Islanding test result of A and B inverter under
parallel operation.
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Fig. 7. Classification of anti-islanding method.

TABLE 1
AN ABBREVIATION OF FIG. 7
Abbreviation Full word
PLCC Power Line Carrier Communication
SCADA Supervisory Co.n?:r.ol And Data
Acquisition
OFR / UFR Over / Under Frequency Relay
OVR / UVR Over / Under Voltage Relay
AFD Active Frequency Drift
RPV Reactive Power Variation
SMS Slip Mode frequency Shift
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Fig. 8 Algorithm of proposed islanding detection scheme.

Ae Az nodZ=u o’

el BAE WFH] Adtel =

o A} W el dl9le] BAF QIHEHE fgom H
3 ‘

Bl
ded A BEed 4% A% A9 Agsgn’. o
4

B
o
Hl
=
=
>
ol

RUGA o o e P
I 27 59 o] @ AMEH A A= F A
B B a5l HAE dEstaiArt, 29 63 2ol
AAL QIME S BAF Q¥ o] HEEA A= d52d
HE ARl AAE oAy =rhsEE #d@
T St
3 HE2H d&7|d
31 7|9 s H4E7Y
A i dEAd dued dEVINEs et
WOy 7 2o dEed AE7E A 7 A
of wel AlEel AA e Sl FA FAE S8k
5] oS 7E3HE Remote WA Bt A A%
AA A9 s Flste] HEd= Local WAL
2 ey
% Local A2 Mo ZAE FBaw sA &7

offt

2 o rZ Yy
=

o

N

i

2 o

a8 >

Mo
e

-

o

o

) ol
s

X

O
=Y
O
o,
M
o Ho
oz
ok
offt
-
o
ol

frt
ol
S~
Yo
oo
iu)
o
% fo &
W of
Fﬁi _lu:
P‘L

ofr
-

tlo
) rir
2

[z U o

& o 3@ o
N
Ho

olf
off
2o

o
e
o
(i
N o=
off
]
-
X2,
L

Hell 571



g ﬂmﬁ CaESl NIt
: T e 5 2T enoX
= | i @ A Jo oF mm @ 2
g A 5 %ﬂ WP
N ! I < 3 N o -
5 S L 7 Jme W o
) $— F i N s I= <
Z el | 8 2 R —— ® T o B
S lelo |y SEIE v g 1E - - ™
SEEIRY AR EEEE = it = R ONT A _®
< B Q|8 |2 |M|2SE -] 7 il g of =
S RN RN Rl Rl Rt 1N I V. o e 7 o T TN
NS RE E [ _— T Tod®
= o 85 - T Y
%) = iy £ I o o o =
g = 5 i 1k -— T Ak
Z O . 5 3 Hs 2 T® Z4Fdq
i &= . s = | = e 2 o £
- . L, e % | Fs FEF 2, n 2
" < ] o fi ) 5 K = o <0 w3 0_
: 5. . . o ed ey g oz SFEa g
Hr mn0ma fm% g 1wl F m = T W 3 el zmm ﬂwﬂ NS QEIZ
s I R N P S B | B e e T B = Bl el E. wMEAEwTE
- =\ 28 o b : = =R gig ] S8 R o N
x g 3 £ == = 1|38 5 Og . ®gw o 3
T =} ’ ; ) E B 3 s AR m LyLEAT oF MA
S |==k =2 & o S L= "
P - e Y S .ol — o S
) o ) 3 0¥ T HBTET N
i 2 £ 5 RS E T M
ay!
o = HEgieWw cFZPEHGTT 3TTFFTDT oo B N o TRTWIXTHE oo SN
z TRPPAY RS, D o4, N BE Y 3H T
E Moo oor ¥ S8 ® - P Ty ramqaX oo o o 2R =g
5 T YR SERT T T TTA e T Ta SN g pPHE
w W Wﬂﬁﬂ%dB%i.zﬂrﬂ%ﬁ.mﬂiﬁi w B e PN B pmr Em o < T o
o RNz gy S O R T %07 op g E % o I B R =
= —_ oIﬁzW.omam m]ﬂwﬂo.ao‘_tﬂ T =75 o gjo BB T = RO g 0%
B2 %ﬂaﬁ%ﬂéLoﬂ%ﬂﬂWm T e e %o U ©T Nz %%%??
= _— -~ . =T ) ¥ ut f . — 0
- %mx_@ﬁwmmﬁ%ﬁ%ﬂﬁomfﬂﬂ%ﬂ%wﬂ%4 A el R R
By B 7T ooy %_ﬁym% RGN mormcM7% W T o D Emn%%ﬁo% ST
S o= ﬂuao#eﬂaag_.,au(Ju,_wLEﬁ_#&] wo#exﬂﬂ]‘NMﬂ]_ =) =~ o T T 70 :i]wdﬂﬁ
T ot epEEe 198 R ST AT o R o= S FFSTaNMT < O
—L ~ ™ ! 0 . R "% o
oy MRl g T s g erne el dchrs W ﬂ%a%%ﬁ%% A
™o ._.Au_ﬂﬂAo MO,WW:.LZ_D o 3 of- ﬂ.,mﬂlﬂo‘q_g iﬁe w = I~ NI T — zt]ﬂ%eﬁ aY Ho o o ..AwE = N it
1o em  wE BT e N o EReeT = X XXM o BT e
o~ 2 o M H o oF o N 7o Moo o < I Jﬂko_aj..
X WK rrhagFogmEdtgoo®oy o XOP = o T d gy 2 G N R A
oF UEpzed ooxpafive, PeulEey pT Bty amBHr
) ) e a o o =0 ~_~ —
g MEEROS Gy HEG Pl r el D A R I R
W __oﬁo%oLLa il 0 L - — e T E0 < 0 o X B s 7 _ o T
) =) o e o = 2!y o X = of < N No NhI il X oM B = L o
% ¥ _auxelvsiiz_ _Cwwyge_tgvlme PRET T mE g N
T X ™ " o RN = = 0 o =) X o o] = ™ Dow A= o] 0w b
W AT ST aWeE g A FRERE L5 g sXegrlioge ©T 0 W
e A% STeTiwTaT 4N T awmTeOR 3T T P R R I
& RUNKCE U R o o W e & o T W oM W k] AR Ao R T W Ne o TH dRTTERKE TR F

o= 7pdshd

=

=

zero_band

A

0o = 7}d

=

=

zero_band

Ly
=X,

SR

S

stant

S

o =4



The Transactions of the Korean Institute of Power Electronics, Vol. 21, No. 4, August 2016 287

Vinv[V] Vgrld vl

Mfl‘f‘v‘ Yy ”kf‘ I

-400 linv[A]
10fRR AT

Islam'l'miI

\j\ﬂ w

10
Aw [rad/sec] Zero_ band
| T

2
Ide[A] Ide_ref[A]
T 1A]

_|n‘ W_J o {
Pinv[kW] Qinv[kw]

il e l

4 J
Frequency[Hz]

e r T S 50l

e e 598
1.0 14 20

Fig. 11. Waveform with proposed anti-islanding scheme at
resonable gain and varied zero band.

Fig. 12. Simulation circuit under parallel operation.
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Fig. 13. Waveform with proposed anti-islanding scheme
under parallel operation.
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Fig. 15. Configuration of anti-islanding test circuit under
parallel operation.
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Fig. 16. PV Simulator(pCube) and inverter(S35K).

10 Is
idrlﬁ] 'Isl'andil!i.
e e e - = - |
1 T
- I
-10, L
| I
61 Freq.[Hz) X 60.5]
—
....... | - - 593
1
v

in
'H [}lHi.HHJ.JHHH!}MH']UHHUHi\nnnnnnnnla-u-

|||||r'||r||f|’||||hl'n|'|1n‘n‘|“|'¥i\“lﬂ'ﬂ'li'nnln‘un‘
L8

¥ RRSRET L RARA! i 13 ]
o Timelsee) 20

Fig. 17. Result of test without any anti-islanding scheme
under single inverter operation.

10 aeAl -!;Isl:ndimi
f—— g - -4
10 |
4
61 Freq.[Hi] g I e
59 i"*—a._""'-_ 59.3|
li‘nw[ﬁ]iplIIll;J.i;.l.lllll}nal
Imnmmmmuwn[m ;
—m ASRCES-OF CLRAGS S T NS SRR LRI T SRERCICI SO,
.va[\d‘j
| A P s e iy
AR AAR AR AR AR AR
=400 !
1.0 Timefsec] 2.0

Fig. 18. Result of test with proposed anti-islanding scheme.

hTtoz B AEsIMel e A dgEL
WAE G A skl duelE A8 %o
&9 AR THDE 248 23 19 213 2tk of
ARE Fatol B =R AQtE Aol A
Fol YL A8 A4 e BAT 5 A

SR ZEEIEE S E

400 [\jinv 13 {V] 1 11/

€11 freq.[Hz

——————
\“M_NW e e ——

Fig. 19. Result of test with proposed anti-islanding scheme
under parallel operation.

400§ yinw: 1pv]

(1] islanding o ) T
|/ | il I\ TNA/

Yinyi2 [M] Ty

Ide_1[A]

Ide_2[A] H
\ \'f \
-3 i
61 ¥ o -
Freq.[Hz] 1 60.5
2| S ST W S S ——" S S S —— 59.3

WMNWMNWNV\ANWWMMMWN\MMNMW\WN
WMWM“ MWW u’VW\W WW\/\WWMWJWMW

Timel[sec]

Fig. 20. Result of test under parallel operation with injection
opposite reactive power.

= before

[

Order of harmonics

Fig. 21. Comparison of output current harmonics by
proposed algorithm.

6.2 E
ol /MBS BER Adste] AT Bf as
2RI 1 Goll Aol A, o] A dEEA
AE el As BATHE SQegin 3, )&
S AF7d sl teted 2bere] Adweigla, 74t
RS AR B ddd QIHE ] Ae-nt et



The Transactions of the Korean Institute of Power Electronics, Vol. 21, No. 4, August 2016

3R
N
=
Mo
2
o
AV
o
M
)
o,
o
=
iin)
ok
4
facs
rir
=
fr
Ao

aelal Aljkels daelFe] HE e AlEdeA
W AAE Fotol ATelaL, AH A I
NAE FFE TAsAT mebd & =2olA Atst
= AE7IYol AHIA dFe 7AA demA <l
HE BEEd A d5ed HdE0 e de
gl

Tt T ARz
Foj 2t o

B NSV L=t
Al(S2285714)2] Aoz olst AIEs
grsluct,

References

[1] K. O. Lee, “Output power analysis for active frequency
drift method,” Jowmnal of the Korea Solar Energy
Society; Vol. 29, No. 6, pp. 75-80, Dec. 2009.

[2] J. S. Moon, “Development of 50kN grid-connected
photovoltaic inverter for dispersed station generation,”
Power Electronics Annual Conference, pp. 521-523, Jul,
2007.

[3] On site tests in large PV plants relating to islanding,
CIRED 2009, 2009.

[4 Y. S. Jung, “Islanding detection function of
grid-connected power conditioning system of parallel
operation,”  The Korean Institute of Electrical
Engineers, pp. 11001101, Jul. 2013.

[5] Y. M. Jo, “Detection performance and THD analysis of
active frequency drift for anti-islanding,” Jowrnal of the
Korea Solar Energy Society; Vol. 35, No. 2, pp. 11-19,
Apr. 2015.

[6] Y. Takeda, “Study of utility interface and control
problems for residential PV systems in rokko island
200kW test facility,” Proc. of IEEE PVSC98 Vol. 2,
pp. 1062-1067, 1998.

[71 W. Bower and M. Ropp, “Evaluation of islanding
detection methods for photovoltaic utility—interactive
power systems,” /EA-PVPS Report, IEA-PVPS T5-09,

2002.

289

=S 2B

1900 28 2724, 20144 TRCY NM7|Z
stmt B¢ 2016W £ ot M7|Zstm
Z(MAY, 2016~ 3K CHAIAIA 7|53
Mo 7l

AS T (£ E)
1991 12 1624, 20161 &) ®7|Se
o £ 20169 ~3HA S sk HIISE

p AT,

S (RZ )
H o8 27l 19919 M=TH 737
Z9l. 19934 & st
%.*(4 . 1909 = oSt 7<17|lsm
(S, 2000'—4~2006'— Hed MR
w2006 ~d 2o

| 524, 19704 M2 &

19819 S ohste m7IZe
. 04 & tera m7|Ze
. 198261 ~2003d B BB
SHojeiTME el Pe

ler) 2Rste IS

o}:IO

Ol 5 A (FH)
1962 8% 5UM. 1981 BB
Zeim Zel 1990 ~ 1996 @

FOIAL 1997 ~ SR FHIX A} T ZO[|AL

0X ky
I'_>'..|_
Pl
o
= 2

)

2624, 19934 QI5iCH Z FE

. 1995t4 ~1998  (F)RZIH o
H~3A (F)CisEa i Zo|

e

IR 22 HEtY My|=E

= F Y (=)

19614 2¢ 112M, 19834 AM2Cf HM7|E
stap £ 1990 Texas Univ at Arlington
ZA(MA. 19944 Virginia Tech. Post Doc.
19954 ~1999 st=alsty|=od el X sH|
oA ME] Melodal 20004 ~3A &2
o M7=t @



