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Analysis and experiment research on islanding behaviors and detection
strategy for dispersed wind power

LI Shaolin, WANG Ruiming, SUN Yong, CHEN Chen
(China Electric Power Research Institute, Beijing 100192, China)

Abstract: As dispersed wind power is close to the load side of the power system, the wind turbines must be able to
distinguish the islanding state by themselves. Based on the investigation of the islanding operating characteristics and the
sensitivity analysis of the voltage amplitude and frequency change of the point of common coupling (PCC) to the power
disturbances of the dispersed wind turbines. A new composite islanding detection method combining positive feedback of
reactive power-frequency and passive islanding detection is proposed. A 2.0 MW permanent magnet synchronous
generator (PMSG) wind turbine is modeled in MATLAB/Simulink, and the islanding operation and detecting the state of
the islanding of PMSG is emulated by simulation. The islanding detection field test is carried out on the 2.0 MW PMSG
wind turbine based a controlled RLC load emulator. The simulation and experimental results supported the theoretical
analysis and verified the proposed islanding detection strategy.
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Fig. 1 Structure chart of islanding operation for PMSG
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Fig. 2 Equivalent circuit diagram of islanding

operation for wind turbine
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Fig. 3 Curve of relationship between system frequency change

and the power disturbance under islanding condition
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Fig. 4 Flow chart of positive feedback of reactive power-

frequency islanding detection method
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Fig. 5 Control principle of grid-side converter for

islanding detection
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Fig. 6 Simulation diagram of island operation for
PMSG wind turbine
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Table 1 Simulation and experimentation parameters of

PMSG wind turbine
e IE Bl
e D2 kW 2000
K HIPLEH
e s/ kV 0.69
PWM F 5%/ kHz 2
ELA I AE L/ kv 1.1
JEUE A UE PRI K LC
AR 025 ik bR/ HE 0.230x107
L o4 0 45 2k e P Rk H 0.021
IR S/ F 0.228x107
PUE A/ Hz 10.15
20K 42
AL ST @ 12.510x107
d S b g H 3.821x107
q SR H 3.512x107




Db,

5y R LA I8 A TR PR AL A B 9 - 17 -

B 7 S T TP e AL LAL I R v s At
Pax il < PNV Sl v S BIE 7 e DA R GHITDEL N
WP MR AL N 0.07%, AR HL 5 RS AT A2
A, HAS A DA R, oo 0 ) L A2 Ak
I M ORI EAT NATE . AR, KUBHL4LTM
BAT N T P ZE A AN 238 I W4 W fie o i A4 )

AR

Fundamental (50Hz) = 568 , 7THD= 0.07%
- 008}
©
€
o
£ 0.06f
©
=
=}
L 004} ]
o
2
o 0.02f 1
©
=

0

0 5 10 15 20 25
Harmonic order
(a) JCH B it I iy
Fundamental (50Hz) = 568.2 , THD= 0.07%

= 0.08
©
€
£
£ 006
o
[=
=]
L 004
o
8
= 0.02
©
=

0

0 5 10 15 20 25
Harmonic order

(b) LAt
B 7 R EBHAFR = B E S E

Fig. 7 Spectrum characteristic diagram of wind turbine

terminal voltage
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Fig. 8 Simulation waveforms of islanding detection process based

on positive feedback of reactive power-frequency method
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Fig. 9 Test schematic diagram for wind turbine island

detection testing
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Fig. 10 Experimental waveforms of islanding detection process based

on positive feedback of reactive power-frequency method

TEEL, B 10(a)~E] 10(d) 7 51 A4 RAHLA IR = AH
P s I ISP, = AH PR BRI, XU L2 B R A )
TeIhThE, M SRR LR . 0.14 s W Wi
BT, KELHLZE S RLC g (8B R T A€ IR
B IRAS, KOEHLALIE M S A%, HIh)
R, IR T A, B4 T I
BATIRE . WA E SR8, 0.2 s i
RN AP b S iEly ) BY B <7 W VY A L P o
KRN EEN T To2h Py 230 8- 302 1 R AN 8 ik
T KNI DR R ok, W A
RN, YN ST T RIEE] 0.2 pu
I, FER SR R B RS ORY A% 47 Hz, Uik
I AR ATLA LA i 21 T A IS AT RS, Tk i
FETTRI E FE 3R XL B TS S sl v h R s
AT. I RN, ToDh DN Ze- M2 1F ot ) A
T TP AERPRR KRNIl RS, 183
KM RS HHR S B IR RS T H 1.

5 it

(1) WAL AFAEI s 4T L B A TR 0]
WAL By 3z AT I L 2R 48 L s s A e 870y VR B Y
A DA RE , RGN b AT AR DA
LD G iR IR, (HAC BT
T DRI BAAR ) R KT D sh
XS BAARAY ) R B

(2) LA HRATHE SR MVERE SN 2=, FE 10
D D2 PRZAE A S ARG R 1 U 45 5
T3 PRI B PR HER A RO %, %07
IR DX, 6 IR L RE R SR /N G
PR T EEME R BRAEESE, HAAIRA R TRESSH O
{H.

(3) 73 SR L 20 2 2 T e P R B 2, ST
S, RAEMBRIMARSEFELA, HHEET
SN RIE AR HERBE S ANy 384742 1 SREmes
BN RIS T TR Ry s AT
B3k
[1] LISERRE M, PIGAZO A, DELL’AQUILA A, et al. An

anti-islanding method for single-phase inverters based on

a grid voltage sensorless control[J]. IEEE Transactions on

Industrial Electronics, 2006, 53(5): 1418-1426.

(2] Mpfed, SORTRG. T IR OB ER BRI M
AR IR I, KPHAE2AHR, 2005, 26(3): 409-412.
YANG Haizhu, JIN Xinmin. Anti-islanding control of
grid connected photovoltaic inverter based on positive
feedback frequency drift[J]. Acta Energiae solaris Sinica,
2005, 26(3): 409-412.



FOM, S

5y R LA I8 A TR PR AL A B 9

- 19 -

(3]

(4]

(5]

(6]

(7]

(8]

[9]

(10]

ESTE BANEZ E J, MORENO V M, PIGAZO A, et al.

Performance evaluation of active islanding detection

algorithms in distributed-generation photovoltaic systems:

two inverters case[J]. IEEE Transactions on Industrial
Electronics, 2011, 58(4): 1185-1193.

PANE, ek, Hars, 45 RLC Fusdiii oAk
HL A RN T i E 58 [0). W RGO SR, 2011,
39(6): 7-11.

HE Meimei, LI Huaqgiang, GAN Liyong, et al. Islanding
detection scheme evaluation for RLC load distributed
generation[J]. Power System Protection and Control,
2011, 39(6): 7-11.

VELASCOD, TRUJILLOC, GARCERAG et al. An active
method phase-PLL
perturbation[J]. IEEE Transactions on Power Electronics,
2011, 26(4): 1056-1066.

sk, PREME, A, A5 TR L T T E)
BRI R [J]. FRIEA=3R, 2011, 34(2): 7-11.
ZHANG Jun, SHEN Guogiao, HU Changsheng, et al.

Intermittent bilateral reactive power variation islanding

anti-islanding based on

detection strategy[J]. Journal of Power Supply, 2011,
34(2): 7-11.

e, REEh, MR DG RIF MG AR g 2 A LR
Rl k0] W R G R S, 2012, 40(11):
122-126.

GAO lJinhui, CHENG Jing, YANG Haibo. Composite
method  of
grid-connected inverter[J]. Power System Protection and
Control, 2012, 40(11): 122-126.

Ve, EWTE, m SRR S R B AR A AR
W] B RGRY S51H, 2012, 40(12): 146-150.
LIU Yang, WANG Mingyu, GAO Wenxiang. Research

on a novel islanding detection for micro-grid connected

islanding  detection photovoltaic

inverters[J]. Power System Protection and Control, 2012,
40(12): 146-150.

Q/GDW 1866-2012 43X X HLHEE N HIL BRI & [S].
Jemt: B A, 2012.

Q/GDW 1866-2012 technical rule for dispersed wind
power connected to power grid[S]. Beijing: State Grid
Corporation of China, 2012.

EL-KHATTAM W, SIDHU T S, SEETHAPATHY R.
Evaluation of two anti-islanding schemes for a radial

distribution system equipped with self-excited induction

(11]

(12]

[13]

[14]

[15]

generator wind turbines[J]. IEEE Transactions on Energy
Conversion, 2010, 25(1): 107-117.

YU Chena, ZHAO Xu, OSTERGAARDA J. Islanding
control architecture in future smart grid with both
demand and wind turbine control[J]. Electric Power
Systems Research, 2013, 95(3): 214-224.

Lo, A, EHP. BTSRRI
REHTTED]. B RGE AN, 2012, 36(1): 47-51.
MA Jing, MI Chao, WANG Zengping. A novel islanding
detection method based on positive feedback of voltage
harmonic distortion[J]. Automation of Electric Power
Systems, 2012, 36(1): 47-51.

FRERI, KA, EAFEE, AE —MORT I B A R
A BRSO 5, 2014, 42(15): 74-79.
ZHANG Ruiye, ZHANG Shaoru, WANG Pingjun, et al.
A new active island detection method based on a novel
disturbance way[J]. Power System Protection and
Control, 2014, 42(15): 74-79.

RHEAE, A0, B 20 PR SRR A SO )
SEHEIE BP0 T R[], o B L TR
i, 2011, 31(7): 64-70.

ZHU Yanwei, SHI Xinchun, LI Peng. Classification of
islanding and grid disturbance based on multi-resolution
singular spectrum entropy and SVM[J]. Proceedings of
the CSEE, 2011, 31(7): 64-70.

NASIRAGHDAM H, GHADIMI N, FARHADI P, et al.
Detecting the anti-islanding protection based on
combined changes of active and reactive output powers
of distributed generations[C] // IEEE 3rd International
Conference on Computer Research and Development,
March 11-13, 2011, Shanghai, China: 285-289.

gt HEA: 2015-01-23;

& HHF: 2015-04-20

1EEEN:

AR (1984-), F, @fEH4HE, M, TAF, R

FEIARALCFREAR, @A ETEE AH4E3); Email:
lishaolia@126.com

#hiE

IR (1976-), F, Mt, SRILN, ARFTEaH
BEBHEAR., ©HE%;
I~ B 1982-), B, AMd, TAVF, ARF@QHRS

EBBAR. wR%.

(R4 RER)



