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Anti—islanding Detection of Photovoltaic Inverter Based on Negative Sequence

Voltage Injection to Grid

Byeong-Heon Kim, Yong-Soon Park, Seung-Ki Sul,
Woo-Chull Kim, and Hyun-Young Lee

Abstract - This paper presents an active anti-islanding detection method using negative sequence voltage
injection to the grid through a three—phase photovoltaic inverters. Because islanding operation mode can cause a
variety of problems, the islanding detection of grid-connected photovoltaic inverter is the mandatory feature.
The islanding mode is detected by measuring the magnitude of negative sequence impedance calculated by the
negative sequence voltage and current at the point of common coupling. Simulation and experimental test are
performed to verify the effectiveness of the proposed method which can detect the islanding mode in the
specified time. The test has been done in accordance with the condition on IEEE Std 929-2000.
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Fig. 2 Positive/negative sequence synchronous
reference frame
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Fig. 7 System configuration for simulation and experiment

Table 1 System parameters on simulation
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Fig. 6 Negative sequence equivalent circuit - grid fault

operation

_.II—

Wl
<0

ol

3.1 AlAH 2M

(10)

Z load

pce,neg

Z

N
=

o)) %
o

oW
o~
™.
iy
1%
B o

—_
o °

‘I_ﬁ| —
HE =
B

ME A

il
o TR
o

] <
o Tl
ac}

g <

o

3z
)A

=0 o

Fe] —

=

o0 X

N5

oF K

7o nE

T

do %

< WE

 ®

= oo

M=o

p BT

N oo

S =

17_A| —_

ol

Bk

w <=

=

o

R
N

T I
B =
oF U
Hs
<0 N
3o
gy
RO 50
_ZT ﬂAl
< o
g
o
Gl -
%
o} ob

-

-
aY &
=
= N
o

5o

Sy

W

Hd2zel A7

o]
=4

2-5}9)

b AE

3|
L

EEE

1 A7

o
T
Mo

SR EEOERES

F ek,

0

O

i+

22 o 438 34

X

%

o]

= %)]\,[9]

3

i A A]

3

£ 9

A

ol

ol

)
20
&l
0H
Hr

1

2 PSIME
A4 29

gdo] uA

a9 9, 10
3}

X of

tsem IEEE Std 929-2000

9]

C— oy
dlmweo,_xbxﬁ
BN R
;od%nmoﬂ.olev
Mﬂ,uAILEMﬂNL
o= "
< A‘.—ﬁﬂ
J04|9ﬂA|L11]H
= om R X °
S My T
x 7‘D|LH;I
MM
ﬂg_o%.iﬂlﬂﬂﬂ
LO =<
o S ° ooﬂ
IR T e
MoRE 2w BEEK
i~ "
aaﬂowﬁmbtn%c
e N
mowa%q.o.
O wimd
Mmﬁ Ho ™
OTL_HL Or.c
LC OMUA|LLO
N e
o B R W or
™ ol T ok
o R oo bo o
BT o
P oggr
W%@_ﬁ?
= 0T
L AT
%.smqi?
oo
x T H oo
,DroEﬂmoAEo
‘mﬂozHEomt
H e LR S
A SR
wEDVuAﬂ_ulaL
ML;MFM%NL
SEEgl
o ;OJ_AI
,muwﬂ‘_&rot
o]
(B
A, T W
TE W R

)

M
=l
i)

o|J

oy

o

a9 10004 = 5 9

7t B2olA AT Ydd

A% A= Abae 4R

220

3

dxo) A7)7F 543 57

|

o]
™, 234X o3 Azt 2ol A

L
L

2 A4y

gl
o

o A7lek 24 4

&

bl 4 gk A

7} 3 RE

=
<]

63} o]
B A AR dudR] e Y

—_

A}
-

al

o] A7]E 392 QolH,

3}

5= A

)



The Transactions of the Korean Institute of Power Electronics, Vol. 17, No. 6, December 2012

550

T 2
—
c
=
=
g
2
Noo e o1 —
(=]
L]
e
L%
]
-egc
|
i)
5
+ + _"fr,ur.
e
T
|
o
—i |

{a)

1.8

1.6

timel[s]

%

(o]

Fig. 11 Single line-to-ground fault

Table 2 System parameters on experiment

(b)
Fig. 8 (a) d-axis positive sequence current controller

220A
-140Y V

60 Hz
10.3 mH

0.6V

Transformer

fgrid

Lload

I/;Leg,inj

5 kW

220 Vims

9.8 Q

685 uF

Output Power

Vgrid

Rluad

Cload

(b) g-axis positive sequence current controller

=

0
<

Islanding

b

< LW
~ or
;oT #
., o
o o
T
™ T
B o
=W
7 W
OT._ dﬂ
yr
™
— 1_|.._
o o
W ol
17_N|

g =
m P
N o
sl

1.8

16

Time (s)

Fig. 9 Islanding simulation

pecn[€]

[ |

1.8

l.6
time[s]

1.4

[ |

N oo

{]-ﬁ_n--._

10 Anti-islanding detection with proposed

Fig.

variation of magnitude of

method

negative sequence impedance

d%%% &ﬁ%%%&#
YNNG .C.L\Ol‘l.b O L
Cup I
d%Ltomrt Jo o oF = ol U H
4&&& ﬂﬁﬁﬂ%ﬂ?
—_ i

%@M% ﬂﬂ%ﬂﬂ%ﬂ
=y iz S IR %o " T
Ve2y 2T go5T
g T T T
mmuﬁ‘&uﬂnﬂ J_AIL,‘W__AE,EIL,%ATOE
‘Mﬂwﬂy_zﬁ.a\m ‘._n.w_vﬂ_OI_zTﬂ,MM,wE
- r

R I
Iy o Tl &
e Zo @y o8 N
ﬁﬂﬂd o % g g N
g “TTpwnl

<

g B & o RO oy G
> N 2o R
o Mg e wpT g
B%Mﬂ%ﬂ@ﬂ%ﬁﬂ%
w SFmwpe | w T
AT TR RTAE D W R
o N N Al B

_ZT-E
ool
el
2!
o

-
7

A2 grol " o] zolE

W &
3)

H0E

N

5.

33 AlS Atd g 2o

& AlEol

AHEe <]

3

o013
H'O‘

skt PWM A

WS At

—

0

e
_

o}
A
b
2!
of

7] wiEel, Apatel €l

ok
g

)4

i
~

k9l ahalu).



Controller

AWE Y] @5 &4 HE

551

Fig. 12 Test configuration for islanding test

Islanding

:

{R): Magnitude of NSC at PCC

T : Magnitude of NSV at PCC

(B): Estimated NSI [-8-80, 200diy]
(6:): Grid side input eurrent [-40-40A, 10A/div]

100ms
-

Fig. 13 Anti-islanding detection test result of proposed method
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