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On-line evaluation method of wind farm off-grid risk in power system stability control
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(1. Nanjing Institute of Technology, Nanjing 211167, China; 2. NR Electric Co., Ltd., Nanjing 211102, China)

Abstract: Green new energy is developing rapidly, with increasing integration in a clean and efficient wind power
industry. However, large-scale off-grid events of wind turbines have occurred from time to time, posing new challenges to
the level of control of new energy sources. A method is proposed for an online evaluation criterion for off-grid risk to deal
with the difficulty of coordinating the steady-state cut-off strategy with wind power off-grid and the difficulty in judging
the off-grid index. Based on the electrical quantity and protection action information of each unit, the risk of an
off-network under low-voltage-ride-through mode of wind farm is evaluated taking the wind farm as a whole. The method
realizes panoramic monitoring and evaluation of the wind farm fault process, laying the foundation for precise control and
cut-off execution. Finally, the effectiveness of the proposed de-networking risk assessment criteria is verified by
simulation.
This work is supported by Youth Fund of National Natural Science Foundation of China (No. 51507077).

Key words: wind farm; off-grid risk factor; on-line; evaluation criteria; cut-off strategy

AVINLZ L T RO R K F 2 S

0 35

EVACIR 7T i (L NP 2 G X SV sk G
4t 2> MR BEE 47 18 S e R SRR A8 2l 5 53 191
WK VIWOET BEWRMLLL,  (EIFACRE BT RE U5 FE 3t ik b 591
TE1) DX EEATLZEL I 1] 8 XSG 29 N 255 B Bl Y o BB i e
I, BT REIR AT R AR AT B R, AT F
LU N IETINL A, WA REAE DI ER TISE BEE AL
AFER, A AR, SEVIRRERK,
RGUNRGGINE, RS E I H RGOk ot f2H )
RIETTI e PRI, R XU H 37 5 0 XS )Tl 4R Br

HLWB: BRAARMFELFTFRE KB (51507077

[l N ANPF 2 L o S 06 X S Bt AT e X
o 2 PRAS ETIAN G BEESIEAT T KRBT T TR
B, AR S A B HOIR S A I R AR T RE S BUX L
AR o Aol e e A ST TR R R T b e, e
S IYITE) (0 ey R I AR 01, A R R AT AR Y BU
WA R IR 218, g, WA B 118477 3K
DL R e S 18] R0 s 2By A0RT g 2 gk — 2 i At
) g ) B AT,

AT 5% RURR G I XS (R 9P S92 K 22 #
S AR R, RNE A
s DXL B8] FR) AN AE R AR, AR TR
OSBRI B2 TS XU I8, T AN RT3



FHE, 4

e AT E AR FRIE R AT Bl
LR S RS A S5 7 2 . SCRR[7DM T4t
SRR, MR PR 5 A P e S X 8 B e
IR R R S SRR AT HE T 26, I
BE— DT AN AL A R T T4 . SCHR[18-19]
R A IR X TR M JR IR G A2 5 NS A
PRUSETHE, SEANJE R EEH, DA 150 ol RS DA
TR IR . BRI 7 5 R f i 3
TSR ) — R aS ek, FHRA MARA EE]—
Tl BEAR RAZITEAR T i R 75 81200, SR [21-22]4%
H AR LR DA 0 RS A b, AN A A AT REdE B ™ B
RERE, PP AT 70 (8] AN 2 V22240000 B e A
SETERIFE, (E AR RAF 18] B PR AE B AT IR
B, WREES > RE I, MEIE F T 2 AR e 1 1
R ARG

ASCE R T RE AR AR F BT N A R
PFLALRIME R, ERERG P L 6 KL XL
DAHLZEL I it 8 XURG: , DIEAe 17 IR R 3l ) XL ) £ 26
PATEAR . DU 2 R e 13 I R Gl DI LR
Iy IR ST N & A AT R AL TIN5
LIRS

1 KRB ME i EREY

JRE 5 A H 37 T B A 0 A 14 AL B AN A
[, APRORY SR 3 B G KWL R ) 0 2R 5
PR, e S B A BR 57 SRR AR T+
TR, DA SRR R AR X7 Bt X XU DA i
bR, T RZEREERRS.

1.1 REHERFRPAREE

IR LZEL P42 1) 2 e g 42 1) ) 10 Bk i 25 a0
ITAMGRY . —IIEOUR, KA B & A H
BRERY S ELROE H SRER R A7 I RS =
FHAST i DR 37 LSRR gy 55 22 T DR 37 15 it A
B K PR B TE G s FR R A R LA 8 %

1) 5€ Tl L ORI

IR P P 2 B SR 29Y, - R r ) B g
WML 5 B R S E S AT — B 8] HAN A A i
BRIBES T MR R RY AR AT AR

u=<oau,, 0<t<0.625s

U <(0.509t-0.118)U, 0.625s<t<2s (1)
U <0.9U, t>2s

2) iRy

WU OR S 7 B B &8 Tt fre, #7
5 e gy A AN e R g o LBl i 4 I T LA
N

BRE F G KU IO XU 78 26 PR Fi A - 163 -
>0, &t>t),

)
I>1) &t>f(l)

b AR 1, IR T BORE: t, MR T
BOERS s 1o RIS BRI REE (1) WO BR
e .

3) BV A R AR

I H XL 2 BB i HOBPBR OR A, H A2 R
P HL ) LT AN B2 B RN S AR s ) AN A R
PRI, ek 45 AT AR

Udc = U dc.set &t = tchset (3)
e Uy RSB L s U g N1 HLS E A 5
Lot 2SN LERS R[] ¢

B 7 3 LA AT e 51k K ATL AL B
FH WLRR AN, B AT, O DL
B R A5 OReA i 8 AT e 3 BBOMLZEL Mot o 1 XU i A
1.2 KRMRIFENIEER

NREEHIAER B AR MR R, B X
Z A B e EWATHE, SEO R B AR S
AR JXC R BILZE SR AT 20 1 SRS 0 BT A R E . AR
M, ZEREZ AN IR BCE, 7T
FL AR ARFALE 7 TS XU ATLZEL () A A O AP AR 1 1
KK,

H—RK RERYEREAER, .
RIS ORY . db ™ AR a], ORI 7 B 2 A
S HMIBORTE R BE), AR EERRE . 2Bk
I 4458 ATk — 28 73y RE AR RE B DR AP P/
7, RERYPHFERILE N

x< Xset 4)
%2%:f® (
b xRoREEE; x, RFBEME: t, &l
TRIERS, HA TR SalfEEA KA R .
BRI R AR RIS AN
X2 Xeet 5)
%z%zfm (

WK BB IERIR R . X 2eRY,
e 1 TB] OR3P S F B A H BOKVE e sh LA T
B FGE A . a0 BN OR8], R AN
B A e, AR SR > B AT e R E
TR AR K R A, S50 BN o 1 L AR
FEAE L) . BRI SN PR TR ik i
FIE AN — RO A, (EEH B E R 5 4k
IR B e A ORI E R E R

— RIS, RS ERI N E RN 1) 3)
PERIL B BEE HARE 2) FrE:Eh SR,



- 164 - €& REP B A

SEAR. AL, 75 BRI A ER AR AR AT HLAL
it IO IR 76 £ 0P 5 ) 25 B L A

JRCEELATLZEL it 1] £ 0 898 Do LA AR A ERegr (1 3 1
IRBEAE, RIS 2SR OR G S 2 0 Bl e 4 B AN H
ESCRBIRIPE. AT, RAefREEE R EE
ISF T e 6 L R i 1Y) 0~60 s AT 27281, g JXU L ATL
HAMRGRY I BEI (A8 /£ 0.1~15s BIN. T
S RGN IR RE, Z R RAE A /A
e A 91T R P X F LA 25 SR ARG B AT D
RY R27 A v N N T

ASCHR T A XU I 5 X IS B E 2 14
e WA R, ELEARRE S YCsR TN 2 1 fRe
AR S AR LV KB LA X 1 U AR, &
Sy wm Abe e A GG iR

2 RKERIZB M X HE BN

2.1 BENARMEREFIRT

T, A SCER 6 U ALZE PR 5t DX IR (R
HEBRIE, TEARR B A, 5 )AL
BRI /N, BUETE FEIFE[O, 1) 18], A #kdzir 0 4%
F A% AL 9 XUz /) o

TE R R AR B DL W et S BATE], 75 EEVPAR Y
2 T ORY 3 T -F B KL R . 8 (AR T
RIS [B] A4 AR A 52 M B 2 HLZEL G X S R (1) KD, 7
EAE AR R ORI SR S E Al ZE4E, IFIA]
AR R IR IE B EE, X RTIN [A] 5 4 1N E
Z I B ZEAE . AR T 2 A v = 2k i) ) 1 5 D)
RS A7kt R B AR AT— e, DR
HLE AT . NI —— TR 4 .

1) RS — Sk ] 18 Bt oA PR R 1 ) 2 s

B — R Bk I A AR I 2 RS HoAR E LS
R, U AR A R RS, XS
JI5t R 6 5 R - B R 3 T VR AR, R B AR ()AL 2
R

Ai i =0,X> X g

2 2
ﬂ'l,j = k(xset.qd - X) /(Xset.qd - Xset.dz) ’Xset.qd X2 Xset.dz
A=K+ @-K)yL1-(t &t<t,

1,] set

Ay =LXS Xy, &E2E

)]

2 2
- t) /tset X< Xset.dz

set

(6)
A A RIS | G KBRS AR

BB DR 75 x RO AT ORI ENIE R X 00 1REE
RIPRENEME: X, RRRIBNEEE; 1, AR
BER R ISR SER ;. kAR FHME R EL, 7 EMRYE

FIYE AR IRE -
AEURIRAWE 1 B,

k

Xdz X Xgd

(a) RHLLRYSE P 1

Xqd x Xz

(b) I AP fH

k

0 t I Lset
(c) B[t FE
1 NARRMEREFHEERTEE

Fig. 1 Quantitative representation of off-grid risk factor
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TR EHET M p.u. FFERTIR t/ms
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