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Adaptive microgrid detection methods for PV grid-connected converters
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Abstract: It is essential to detect islanding in microgrid operation. To overcome the blind detection zone of the active frequency drift

(AFD) method, an adaptive AFD method is provided. This method makes the pro and con frequency chance of output current of
inverters, and detects the change of frequency to adjust the positive feedback of the phase at the same time. Simulation and
experimental results verify that the proposed method can find the obvious frequency shift direction automatically and increase the
speed of anti-islanding detection with different loads accurately. There is no blind detection zone with this algorithm. In addition,
the characteristics of using the proposed method in multiple converters system are explored. It provides theoretical guidance for
multiple microgrids system.

Key words: distributed generation; grid-connected inverters; islanding detection; active frequency drift; microgrid

PEN2EE: TM619  SCHRFRIRAS: A WS 1674-3415(2010)21-0136-05
= N PotiO APHAQ
0 315 N e Sl
- @ v }{ Recloser
BEE 94 Tk &5 R P A i 1 A A R FH P A7 ey ) PV array }[Proadti Ot
T, SR A IR R ) 2R G R K I AR B LI S —l

ML ke, oA 2y e 1
. A H (Distributed Generation, DG), 1J

L e O N ey o e
FIZ S RIF T4 DG %t EANHFIE. I L Bl AR RSB LA
DG Ay L —Fh A BA B 7 U9, A8 T e
SRRV E AP FIB. HURIEREAT R ok e P TR S A R SR R —
W E T 5 R AR L Ot BRI R IER, BT, AUDG R4
ol T, N TR AT AROA R BRI I I T EIZAT 2 B I A 5
AL EVARER, AREAH L RO S, I IFRIES, (2t H AR A B I\ B e A
/1 B, 7L F G A sy SRR ] 2 L
KM ARt e B IF 3R s R 2, A
RETE: B ROFFRIAALRATITA (0821063)  PBle I R B P AL S 4T, AR, Bt

Fig.1 Block diagram of grid-connected PV system
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Fig.3 System with two grid-connected converters
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Fig.5 Converter output voltage and current waveforms (R load)



i AT, AF JEORIF PR S 1 F GG T R B AR -139 -

510 W 47 T B % TR, T
50 FI N AFD RS, or TR S 138 1
£ M IR 17 o I3 0 7 PR A S

FEZ MRS AR LI R R AERE I, AT

49.5
ZHIFMAR SR R S 1 PLE R T
49 0.05 0.1 0.15 02 Sk
t/s
6 SZF AFDPF 7552 Bi MBI E BUSRE (MR [1] Kroposki B, Lasseter R, Ise T, etal. M'ftking microgrids
Fig.6 Converter output frequency with AFDPF (R load) :‘V(;)rsk?’[ﬂ. IEEE Power and Energy Magazine. 2008, 6(3):
40 [2] Katiraei F, Iravani R, Hatziargyriou N, et al. Microgrids

307,

zoﬁ /\ 1200 2 management[J]. IEEE Power and Energy Magazine,
0 2008, 6 (3) : 54-65.
_200§ [3] ZHANG Shi, ZHANG Rui-you, WANG Ding-wei, et al.
‘\/ ~

Impact study on international islanding strategies of

o
it

PV HLU/A
|
S o

ko
W N
==

% 0.05 0. 0. 0.2 0.25 distribution networks based on distributed generation[C].
t/s

B 7 WA EETRA LA ERREE (RERE)

Fig.7 Converter output voltage and current waveforms (C load) [4]

//2010 International Conference on Computer Design and
Applications. Qinhuangdao (China) : 2010: 251-254.
Katiraei F, Iravani R, Lehn P W. Microgrid autonomous
510 operation during and subsequent to islanding process[J].
IEEE Trans on Power Delivery, 2005, 20 (1) : 248-257.

. f [5] RAS, L B RETLM AR R BEHC HL BT Y 4
£ 500 mﬁﬂﬂ WA RS EHEE, 2009, 33 (17) : 42-48.

LI Zhen-jie, YUAN Yue. Smart microgrid: a novel

v organization form of smart distribution grid in the
49'00 0.05 0.1 0.15 02 future[J]. Automation of Elcdtric Power Systems, 2009,
s 33 (17) : 42-48.
8 SR AFDPF J7 XM AIIE RO (B1E5HD (6] 5571, TRl 5 2R 2 B o 2 A 47 2.
Fig.8 Converter output frequency with AFDPF (R load) WA RZGBESME, 2009, 33 (2) : 82-86.

GUO Li, WANG Cheng-shan. Dynamical simulation on
microgrid with  different types of distributed

XHFRFE A DA A B IR, AFD £
WIrid, B9 FroRARSCE T L HE N IE B Bh

generations[J]. Automation of Electric Power Sytems,

77100, FF H A AR S S8 2, ke 1 2009, 33 (2) : 82-86.
R g RE, fE 0.16 s IR 21, . [7] 1IEEE Std 929-2000 IEEE recommended practice for
51.0 utility interface of photovoltaic (PV) system[S].
s05 [8] SunK, ZHENG Da-zhong, LU Qing. A simulation study
x of OBDD-bused proper splitting strategies for power
= 300 systems under consideration of transient stability[J].
49.5 IEEE Trans on Power Systems, 2005, 20 (1) : 389-399.
100 (91 ZB/ham, EBRFEH. kb W ARREIR IR T X AR A 4
0 0.05 0.1 0.15 02 R[] HEEYL LR, 2009, 29 (25) @ 7-12.

t/s

) GUO Xiao-qiang , WU Wei-yang. Non-devastating
B9 XA BI&ERN AFD 7 AT MAT/E RISRE (RIEGREHD

islanding detection for microgrids without non detection

Fig.9 Converter output frequency with adaptive AFD zone[J]. Proceedings of the CSEE, 2009, 29 (25) : 7-12.
method (C load) [10] Smith G A, Oninons P A, Infield D G. Predicting
A islanding operation of grid connected PV inverters[J].

4 ZHig

IEE Proceedings Electric Power Applications, 2000, 147
TR 2 2 4 [ B L ) 2R e R R ) i, (- 1.

DL S RS L 1 S B A . AN S e R [11] Lopes L A C, Sun H. Performance assessment of active

EATHAT T 00T, B ERIIE T ik P R frequency drifting islanding detection methods[J]. IEEE



- 140 -

HEREP D EH

[12]

[13]

[14]

[15]

[16]

Trans on Energy Conversion, 2006, 21 (1) : 171-180.
KL, R, B, A% BBy
ERZHA]. PR TR, 2008, 28 (1) -
95-99.

LIU Fu-rong, KANG Yong, DUAN Shan-xu, et al.
Parameter optimization of active frequency drift
islanding detection method[J]. Proceedings of the CSEE,
2008, 28 (1) : 95-99.

B RBOK, X, & Ak RGN
MR B RGEIAH AR, 2009, 21 (1) -
106-110.

ZENG Yi, WU Zheng-qiu, LIU Yang-hua, et al.
Islanding detection method for distributed generation
systems[J]. Proceedings of the CSU-EPSA, 2009, 21(1):
106-110.

TanJ C, Crossley P A, Mclaren P G, et al. Application
of a wide area backup protection expert system to prevent
cascading outages[J]. IEEE Trans on Power Delivery,
2002, 17 (2) : 375-380.

Yu B, Matsui M, So J, et al. A high power quality
anti-islanding method using effective power variation[J].
Solar Energy, 2008, 82 (4) : 368-378.

WANG Xiao-yu, Freitas W. Impact of positive feedback
anti-islanding methods on small-signal stability of
inverter-based distributed generation[J]. IEEE Trans on
Energy Conversion, 2008, 23 (3) : 923-931.

(17] X778, BGRME, HEH, 55 ZHOCRIFMEAR S
IE R EALT]. B THARZHR, 2010, 25 (1) -

167-171.

LIU Fang-rui, DUAN Shan-xu, KANG Yong, et al.
Islanding detection methods for multiple PV converters
system[J]. Transactions of China Electrotechical Society,
2010, 25 (1) : 167-171.

MZER, HET, BoEE, S5 BB
ERZHARA]. PR TREAER, 2008, 28 (1)
95-99.

LIU Fu-rong, KANG Yong, DUAN Shan-xu, et al.
Parameter optimization of active frequency drift
islanding detection method[J]. Proceedings of the CSEE,
2008, 28 (1) : 95-99.

[18]

gt HER: 2010-04-10
EEEN:

kB (1982-), 5%, LML, TEAFLA R
Foml, A A s . KIOfeR A %S5 @A%; E-mail:
zhangshi2001@163.com

ERAR (1948-), B, #g, HEAFF, T2NFL
7 % RARACT @R

RawA (1979-), 5%, i+, TRZRFL A A RMmAT
AR

(EEFE 1357

(7]

[9]

(10]

[11]

continued from page 135)
SRIIE, JWIEF, TEER. NI RHIBEMEAR 545
R srpr]. AL TR, 2007, 26 (3) @ 57-60
ZHANG Nai-guo, FAN Zhen-yu, YAN Deng-jun.
Analysis of the technology and economic benefits of
wind  power integration[J].  Jiangsu
Engineering, 2007, 26 (3) : 57-60.
B, =8, Avet, S i sUR IS A G
SAHT0N. h EHHL TR A4, 2008, 28 (29) : 11-17.
QIAN Ke-jun, YUAN Yue, SHI Xiao-dan, et al.
Environmental  benefits analysis of  distributed
generation[J]. Proceedings of the CSEE, 2008, 28 (29) :
11-17.

Atwa, Yasser M. Reliability evaluation for distribution
system with renewable distributed generation during
islanded mode of operation[J]. IEEE Trans on Power
Systems, 2009, 24 (2) : 572-581.

Kim Jin-O. Reliability evaluation of

Electrical

Bae In-Su,
distributed generation based on operation mode[J]. IEEE
Trans on Power Systems, 2007, 22 (2) : 785-790.
Hgmae, A, WKL, SE. HIEIEERE A A
Kl HARUAL BB, E L TR A4, 2009,
29 (13) : 23-28.

ZHENG Zhang-hua, Al Qian, GU Cheng-hong, et al.

Multi-objective allocation of distributed generation
considering environmental factor[J]. Proceedings of the
CSEE, 2009, 29 (13) : 23-28.
[12] Antonio Piccolo, Pierluigi Siano. Evaluating the impact
of network investment deferral on distributed generation
expansion[J]. IEEE Trans on Power Systems, 2009, 24
(3) : 1559-1567.
TR, R, X, A A0 UK R C LK
U M A RS2 AT, B R SE A Bk, 2004, 28 (16)
56-60.
WANG Zhi-qun, ZHU Shou-zhen, ZHOU Shuang-xi,
et al. Impacts of distributed generation on distribution

[13]

system voltage profile[J]. Automation of Electric Power
Systems, 2004, 28 (16) : 56-60.

Yr¥s HER: 2010-04-12;
EE BT

Rag (1972-), %, #HIF, HEHAL, HARTEA
) RGO BT AR A BB ALK B AT AT R
E-mail: Imzhch@yahoo.com.cn

B4 (1971-), %, 4%, W, A SR, AR
FEACUH RGN EES . A wh R GALES. b
RT 5., o Wb g AE 5,

& HHH: 2010-08-31



