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Fig. 1 Equivalent model of islanding detection

AFD 5 L 23 55 I 6 AR R 46 1) H D9 3 A
THCA T B A  ASHAS 7 T O0 J 308 722 i i 1 P ) 43
RO N — A FE L K/ py R T AR S i an
&l 2 firoR , AR PR (PLL ) 458 il 306 428 g i 3 B0 4, 7655
AR R B 220 5 A 2R3 42 4 (PCC) I LS w, [RTAH
B PR 4, BIPER BE RIS R T, SR,
MFNE 0 UG ARFES AR S R 0, B w,, B3k
0 Mo W HL VR AE DI 1) 55 172 435 6 e 190 0 30 1) LG 1
SCHREMTREC, AN
(3)

w,, 1

lz
csz—/2
b o, —— R BB F R T
LR

B2 AFD IR
Fig. 2 Principle of AFD

SO RETI  u,, (IR 2 | 05 0 1
ML £, RS LT WO ORI

t,/2
OAFDZ%‘ZﬂTzi'TF

_d
T2

(4)

K, 0, — R -

MR KA, PCC R A 45156 150 5 K fEL 4 1)
il fh a,, RIS RI TR o R T AR SR, AR AR
fid LR AR I R, PCC BLUE R B S G, (R I
Mo GHE—ADRER of 18, u,, FEREK, T e
AR . RWIHIEFEAT w,., AOMHSRAR WG K, 2448 45
SRAREAP B o (E S RIAG: I s I8 2 4

E 3 R AFD Ui RE AR E , L EZATTAH PLL F
AFD 3% 2 ARG o HARE) KRR, 30078 A o 2y
AT R U AVORE PR R e L L A, A
HLFE w,, [AAEOLES, S 6 2R BEBT A ., 550 A
O KRN

. [ IO |
b = ar(,tdn[R( ol wc)} (N
A, 0 ——PCC HLE %,
H il RLC11

—»{PLL+AFD |'—(t)>| G(s)

(5)

2
.

K3 AFDIADIRENTRR A
Fig. 3 Equivalent model of PV

AR () A= (5) AT 45 H AFD 95 A& 0 A1 A7
4 -

arcts L)o@, 12w,
dr(/tdn[R(wc a)Lﬂ > =5 7L ch (6)

A, R, L. C—— Tzl B A S5 R0 BH L LRk L2
o —PCC HLE AR,

it R (6) , TR FL B AN PR AR fh, RS
IRBNFEIRAS o A 7E R R o 3 L B A, TRy
B H

2 ETF0,
ST

AFD JEAEAERT N X, 38 2 /N B XTG4
AFD AR, BRI TG ZE XA I DX A T4

HAS 1540 HT AT, AFD 325 900 08 & A Sk
s FEARDL A R (6)  #2(6) AT 284k AT 45 21 2
T LxC,,, bR F A AFD ARALHE .

2
arctan R 1- %C ==
oL w,

K, o, —H AR,
AT LxC,,, BhRZRE) AFD 35 (19 905 45 I

xC IR AFD §X

norm

e Af

7 (7)




91 AR GEEE . T QX Con PR R I AFD 5 X 5047 193
NDZ ih Fiv ik Jy . 1 T
. i} & (1+21TZ'L'8f] arctan{R[(wo+Aa))'(l+AC)CM—WA(U)L}}Z2cf
R PR Y () (1)
: L
gmm=ﬁ(H- % ] ¥ 0, =2
o, £ ——HL R ; of — i ) FB S8 F P A 200, 514 Ao
K2, [ j i (+ nj .
t oo =
3t (8) T AL, 25 6 2% R ASLA B IX 446 10 9 P aretan Qo e 27
Wb % B R R M B X 40 A . o 7R
KB, AR ST A AR S 5 PR BROR 07 2 R TR A (12)

S 3R (6) P TIE S A AR e, A3 BN T Q, ¥ f, Habx
Z Y AFD AHA I .

arctan|:Q (J; ff j:| +0,,=0 (9)
IBAFET Q, xf, Aebn R AFD 7514 NDZ 15 .
—me§f+ [(we8f) +4Qf2,

0_max — > Jo >fg
20 : (10)
—mdf+ [(md) + 400
S (er) s,

Kl 4 AT Q xf, Hebr 2% AFD BRI X Aliid .
Pl o 2 ST X A L I T T AR A S 1 U T, 5 5 2%
X3 R 2 of=0.02 B, AFD LAY H IX L, 4R X 38N
M ¢f=0.05 B, AFD VA E XY [l . MK 4 IR ) EAR
FT Q xf, AR R M AFD B X #iid 7 A7 e K
X (R HAE A AL AR AN B E R B T 2 S H X R

51.0f

50.5

50.0F

w< 495
49.0

4850 /i

48.0

0 1 2 3 4 5 6 7 8 9 10

K4 ESBAIRE AN X o]
Fig.4 NDZ of AFD

A CLO) WAl HIZE T Q, % f, 2845 R 1 NDZ, H AT
AARER S LR L LA C HE T SRR A
%5 NDZ WA BOFAG A R AE , I, i — 2251 A Q,,
Cow 2% M w=0,+Ao , C=C, -C_=(1+AC)C,
ﬁ/\ﬁ(@ 3

vvvvvvvvv

R AF FIFEHE R ( -0.5~0.5 )", BT L Aw 93 FEl
N I Awlot 1~ 1 4 (ﬁ)—wj ~0 AL (12)
AT AR

arctan|:Qm(2Aw +AC :| g of (13)
QX C,,., HebR REEYPALFR A 1 5E SLANF
Qn=" (14)
Com =7 (15)
_ 1
C.= Lo (16)

A, R VL C— R R A 0, —
Qo ZZHMBR o, A R AL
S, 5 L € JOO s 7RI 0 AL 45 i i D AR AT
PSR —TE AT, o, BT R AEIA 0 8, =t (14)
Qo WA LI L A FRL(EL R R, T BE A B AR AR O,
YR C,,, NFAERE KR

tan| =¢f
it AC=(2)—2(DA‘" DL R A fevr i B R FR
A (13), 1435 NDZ il -

e
td“(chj_2x0.5x2ﬂ<AC<m( cf) ,2X05%2m
Qo w, Qn w,
(17)

an EC

0. w, T1<Cm : (Qifj+i:+l (18)
AR R E R (18) R Y XL A, AR 4

AR AR B T R IS A I R e, T of 1Y

TEHUAE R (0~0.05) , A SCHR 0.02 F110.05 3 2 A,

FEHPE (18) FIH] Matlab A f5 38 5 F X434 [, ith

2 22 [ 14 DX S B A I 5 XAV R . P 5 F e R




194 XK [H

¥

445

930 of=0.05 If 5 X A [, S 70 0 of = 0.02
H XA o

20f

1.8k

0.8 | J
10! 100 10!
o
K5 Esh B R X oA lA]

Fig.5 NDZ of AFD

20 28 A 0 DR B (B 56 T 2.5, BRI Ry I 46 0
SR AEL FF TR T A A DU T A
i, AR SCI Qi 2.5, ARIEL 5 1 eyl el AR (I
El 6), BREA bR Q, BL 2.5 B}, %R AR € FTTE
X 38l K DL M ERUE . A& 6 TR, ¢f=0.02 5
¢f=0.05 BT Xt R Y X 38 LR [, HHS X5 B AY K/
B3 B L ARAR s M7 3B C WEht, ., BRI AR
PIE AL 2, S TS E L F R W i), Q, RIAE Ak
PRGBS . Rk, MRS H e s, Bl DL7e

T DA A RT3, TE AT I A0 B R LA b
WX

112

LI0

Losp

(106 f

SR

102t

1.00 |

0.98
10° 0 10!
t

Ko IR A oI feil 5 X 23 A Ry o &
Fig. 6 Enlarged one of NDZ of AFD

3 7 E
31 FEHER

ALK T Matlab/Simulink 175 B, 87 BAE G
TR IR B, 22 B0 A0 I8 46 0 477 ELARHY 45 ELAR AL AN E] 7
FIT7R o A5 ELH S SRS E oS FHELI L R 220V, B%
K f=50 Hz, AR SIVE B {E H (50+0.5) Haz; 38725 2

LI s ACH S R 400 Vo, AS b B 2R S IR Bk 2.5,
IS ESY W R=11.6Q , L=148%x10" H ,

Discrete,
JWMW E‘J
e

tep
oo 17552 ]

powergui
Source Parallel RLC Brar%L

T=x10 °s.
T
ﬁ_. " £ L  Current Measure
iDC Voltage
Alg——
I e

o
AY4 t
@AC Voltage Source
sure

Voltage Me:

Breakerl

—

Scopel

>{1/4

Universal Bridge

Sin_Co

S

Discrete
1phase PLL

S-Functionl

"

l
|
5

Gain3

PID Controllet

Zero-Order
Scope7 Zero-Order Holdl Scope8
Scope4 Signal(s)
Freq PID »i* Pulses
b 3'7 Gain  Saturation |% Memory
(pu) wt Discrete PWM Generator

K7 EShE L AR

Fig. 7 Simulation model of frequency drift method



93 AL . FTF QoXCn PR R AFD 1 H X507 195

32 EREEHE

FHAEIE T Q% C,,. AhR RIS K I NDZ 43 A
FOAT AP AR SO S b SCHE S i b o A 7 B
T, AR 5 2 07 AL B A HRE

ARSI A X3 A 1 6, A R R4 A A
MRAEIX 4 A s AL bR C, TEE TR R f S8,
HRAE A (4) LUK BT 5 B0 00T PR 5~ TS0 2 i 8% A, T
AR 1 R,

&1 AFDWINDZ5H MM X FR
Table 1 ~ Corresponding relationship of load and NDZ of AFD

of=0.02  ¢f=0.05
8
LE 0,,=0.03 6,,=0.079
=100 HKH  EKA
QI(] = 2'5
c.=1.02 BIX HIX
R=116Q0 ™ AIXH e
L=148x10°H C..=104  FHX4h HIXW
C,.=1.06 H X4k H X4k

33 FEEBEEHER

SEF LU 0T AR ST IR SR T
U7 FLSL BB IE , 43 5 AT T R AL of=0.02 | ¢f=0.05
AN ) 61 2 S 800 1 X AT 0 LS
33.1  ¢f=0.02 B AR RS EE X A0 7 L

FET EARY S sRE IR BB R AL of=0.02 5
MEAARF P RESERE C KB LHE RS
B3 B E R 0.06s, {7 FLAE R DL 8, Hi &l 8 WA,
¢f=0.02 B}, 7F 0.06 s Wi J5 , 24 C,... 7 1.00 F1 1.02 B,
o3 A 2R B R GEATY AR R r 1 I VA ARG S I B
%524 ¢, N 1.04 I, 7E 0.24 s ARSI H AR5, 20 A =X
K ARGEIELZ R C,. N 1.06 B, 7E 0.16 s ALK
W IR

t/s
b. Cion=0.02

t/s

c. Com=1.04
100 HI R N
50 ¥
T 0 I
= v

=50

000 005 0.10 015 020 025 030 035
1/s

d. Com=1.06
K8 of=0.02 fliHZE R
Fig. 8 Simulation when ¢/=0.02

3.3.2  ¢f=0.05 B AN T2 S0 X3 B B 5L
TEPT EAAY S R h B8 T R AL of=0.05 , 4>
Wl AR RS EORE € AhE A UK R
GEEimfTE S 0.06s , 5 ELA R AN ULIE 9. 181 9 Hh 4 K
XFRLEY C,,., BEAS R 1.00,1.02,1.04 F1 1.06. H1E 9

ALAL, 24 ¢f=0.05 I}, 7E 0.06 s Wi ™ )5, €, & 1.02 il
1.04 B, AR IS G 2 C L, 0 LB FE 0.14 s

ALK RIS, 24 € R 1.06 B, 7E 0.14 s A0 A6 I
P

A A v‘y fy Yy f {
000 005 010 015 020 025 030 035
1/s

xxxxxxxxx



196 K 6 ¥ 414
100 R i distributed ~ generation  grid- connected ~ system [J].
< 50 m Power system protection and control, 2011, 39 (6) :
£ o v 147-154.
s gy (2] XUSHE I R P TR (R 3 SE 0 5 Ko Fe A5
0.00 005 0.10 015 020 025 030 035 (D 3 ARk e . 2008,
“c. :t/j.OG LIU F R. Research on islanding detection methods of
O of=0.05 LR single- phase grid connect(?d pl'lotovoltaic S}.fstems [D].
Wuhan:  Huazhong University of Science and
Fig. 9  Simulation when ¢f=0.05 Technology, 2008,
Hﬂiﬁ{ﬁﬁéﬁ%ﬂ%ﬂ,ﬁﬁ%%ﬁcf _‘%{Eﬁlﬁ [3] SUNH, LOPES L, LUO Z X. Analusis and comparision
TRV T K T f 22 50 T B ) . U T RE 2R L of islanding detection methods using a‘ new load
L BASR e
2 AMDMBIAERFRE FORINER 4] VR, R, NN, . L K A
Table 2 Detected results of AFD under different loads
JAELT] AR IR, 2013(6) : 39-42.
fidk /=002 /=005 LIU J, CUI D M, LI X B, et al. Review of common
Cppm=1.00 e 2k e I i Th methods for islanding non-detection zones [Jl. Shandong
Com =1.02 oI 2 e Rz 2k e electric power, 2013(6) : 39-42.
=23 C..=104 W) Kk (5] AR, 404 3 v 2 335 2 OF 90 90 49 4 0 R BT 5T
C. =106  RuRy KU [D]. &ML BT, 2014,
T X - XIE D. Research on islanding detection tecnology for
AR 5 DR (LR fly FLE R TR AR LR 2 multi- grid  connected inverter based  distributed
gz — 20 HPTRG R SAO AR X I I i generation [ D]. Hefei: Hefei University of Technology,
I, I 4R B A9 2 T L5 R oL,
Do PIL, G AR TR AT EDEARRIATAT, I 167 soyzege, meon, i, 26, ESVBOMIRITKI Jr
BAET QoxC,,, Aeh5r R T Y INE K I NDZ 435 2 M SB[, v AL TR S 4, 2008, 28(1)
B 95-99.
4 2:5 _L/l? qu F R., I(ANG. Y, DUAN S .X,‘ et al... Paramefer
optimization of active frequency drift islanding detection
YR £ LA AR I R 5 DX P A 20 e H I A method[J]. Proceedings of the CSEE, 2008, 28(1): 95-
D759 B9 L I FEL, o 201 201 ) ki R G vl i 22 4 99.
BATHAEEE L ACE X APXAQ | LXC Hl (7] X%, FEH, B, 5, — M ) g Al 5 1X
Q. % f, e b5 2 X IR K I X R B R, SR R Ik ] B TR 24, 2007, 22(10) : 167-
Q0 X C,.,, A FRFRAIIET AFD 2 A9 Ko 7 [X 3T 0 172.
R R ELIE  BR AT R ELAE S 0 SR LIU F R, KANG Y, DUAN S X, et al.. A novel method
00X C.... MR A5 5 1 I A I B 1X 43 A3 [ ] 5 4 4 for mapping non- detection zone [J]. Transactions of
Hb 52 e Y 2 2 MR B X 6 B T 00 BB G X AFD ?:;na Electrotechnical Society, 2007, 22 (10) : 167-
G AT 1 S A U N .
R PTG (8] A, E . HE T BRI R

[£% 30k ]

PR, Twedl fIrE | & R IR R 5
I R I Ik 2R 5 () ). s RGO 545
iil, 2011, 39(6): 147-154.

CHENG Q M, WANG Y F, CHENG Y M, et al.

(1]

Overview study on islanding detecting methods for

WE X M1, B TE AR SR, 2009, 24(2): 178-
182.

LIU F R, WANG H, KANG Y, et al. Non- detection
of shift  method [J].
Transactions of China Electrotechnical Society, 2009,
24(2): 178-182.

zone slip-mode  frequency



93 AL . FTF QoXCn PR R AFD 1 H X507 197

(9] 3RS, o, XK, . 80 £ m s IR on power electronics, 2012, 27(5): 2367-2375.
BRI R A s, 2012, 36(14) : (1] BRI JGRIF I & R G 2 IR R I ARBIESE (D .
200-204, 209. B AR, 2008.

ZHANG X G, WANG R, LIU X L, et al. Analysis of an XUE M Y. Research on islanding detection of grid-
inverse pendulum wave power generation system with connected photovoltaic system [D]. Wuhan: Huazhong
pressure- maintaining  storage based on  hydraulic University of Science and Technology, 2008.
transmission [ J ]. Automation of electric power systems, (12] . 300708 I RSO0 AR 22 48 iy I 8 A Ty v B 5%
2012, 36(14): 200-204, 209. [D]. Bial: ZREIKE, 2016.

[10] YAFAOUI A, WU B, KOURO S. Improved active GAO L. Research on islanding detaction for grid-
frequency drift anti-islanding detection method for grid connected inerter based photovoltaic power system [D].
connected photovoltaic systems[J]. IEEE transactions Nanjing: Southeast Univercity, 2016.

ANALYSIS FOR NON-DETECTION ZONE OF ACTIVE FREQUENCY
DRIFT BASED ON (@, xC, .. COORDINATE SYSTEM

norm

Li Zhijun, Sun Le, Xu Duo, Wang Ya’nan, Zhang Hongpeng, An Ping
(College of Control Science and Engineering , Hebei University of Technology , Tianjin 300130, China)

Abstract: NDZ of islanding detection is usually used to evaluate the advantages and disadvantages of the islanding
detection algorithm. Accurate and reasonable description of NDZ can effectively reflect the application scope of the
islanding detection method. Different loads require different algorithms for corresponding detection, and the diversity of
loads makes the description of NDZ difficult. In order to solve this problem, this paper firstly introduces NDZ of islanding

detection and its characteristics . Based on this, the Q,XC, . coordinate system is used to analyze NDZ of the active

islanding detection method, and then to verify the analysis result by simulation experiments. This coordinate system uses
the load quality factor and the load labeled capacitance as the horizontal and vertical coordinates, which is suitable for both
active and passive island detection and overcomes the problem that the traditional NDZ cannot directly reflect the
corresponding problem of loads and NDZ. The theoretical analysis and simulation results show that the coordinate system
can effectively reflect the distribution of the NDZ of islanding detection algorithm in practical applications.

Keywords: islanding detection; grid- connected PV generation system; active frequency drift; non- detection zone;

Q%X C,,.. coordinate system



