$£38% F7H
2018 £ 7 A

@ ) 8 % & &

Electric Power Automation Equipment

Vol.38 No.7
Jul. 2018 €®

T IF g2 e W R B R S P 530 )
SRR AUHL 35 T 2RI PR

Bt A2 35"

FE S

(1. #i 3 LA IRFR, B 5L KF 830047
2. MR F KEXTHAMRBRL L F Mz TREKFR P i 5EKF 830047)

FEE . AR R0 F 2 ML B A § e E AT XA ) Kok XEA A8 2, 3 BRI 52 My R i
AP PIRAR RIE AR AER , FEA AR A T EARARA PIRARY R AT EFHRN BB ER A
SR 0GB 3R A B E AR AL AF AR AT AT, I AT T hn £ 3 8 B BRI A 245 8 £ X A 3R B 2 I 1 A&
HFAE KNI B 2 I A A AR, oy bl A 3R R TR R A Fo b AR A AR M F) A 69 AR P O R i M A
T 2 2R GARRMEF A X AR A P15 AR KA R T IR A fo i ZAR T R4 7 iR 0 I A B3
AR AL AR K bR F) A PIRAR AP 3 AL E R T RA R R iE 2,

KERIR R AERE ;32 4 2 2K AR AP HBRAR 7 AL R 3R 5 A8 M F) A1

hE4ZES.TM 77;TM 614

0 5l5

Bt KU Sl Y & ML AL B A1
PR RIS A v X I, L R A 7 AR R
WS I TR LR B 2 e N 1) A e Ra s ATl
He TR PR 2 gk R AR P S 2 4 R
BT E EAE, B L A E g, Hh 2zt
PR 42 By | RIS o R A A 220 kV R DL |
F A L R B 1 AR (DA P22 R Y 4
X B RE IR 2R A1t 04, 7 AR TR XU FE 8 H 2R T
RESBUR T A IER SR, T SEvEm s Bk

HATEE IR B [ A T AT T
—E Y . SCHER[5-8 1 1HE T KU S HEL it | HE
IEFH-F8 H e o FRL L AR S 55 15 | e i 2 o
B TAR 2 S M e 2 B (9 A 8 T, 3¢
HK[ 9 T BT X B Ak U HL 6 b 2% HY 750 KV iy H 26 %
P T —FOR 22 o B R L IR i 1S B 2R
BEAE AN AR b IR B 32 J50 B 7 R I G B
2RI (H A2 5 000 e VR B B A8 Ak A 5 i, R 1
F I R GE T, 18 W AR AAAE ) B, SCAk [ 10-13 ]
P JE AR U A SN AR 4 R B 2 R B R A7 e
SRARAE U L RH R R GER S RO AR L RE TR
LR AR PERE LR, E 2 D LA ) £ Ay 3

s B3 :2017-07-08; £ [2] B #:2018-05-07
EEWH:BF aAH4F 52T A (51467019) ; B £
FrAtH A4E 4557 K 8 2R B (2013DFG61520) ;2017 44758 A
% XA 5L A A A #7 R B (XJGRI2017017)

Project supported by the National Natural Science Foundation of
China(51467019) ,International Science & Technology Coopera-
tion Program of China(2013DFG61520) and Research Projects
for Xinjiang Uygur Autonomous Region Graduate Students in
2017(XJGRI2017017)

SCHEEFRIRAD : A

DOI:10.16081/j.issn.1006—6047.2018.07.012

i, SR FH R A P Sl e £ R A DR S B
BT IR R GERT, % JE B XU 2R e i 17 07 ORI
il e A S AL XL R GE B B2 K AR B PR 1
RESZ BN , DXt , DAy i e 1 DXL L A 30 5 g 7% K%
o W BRI (R R, R0 I A I Sl by SI2 B 5 O M A
IR S B B A XU R 3 A ZR G 11 SR BR A2,
SR L AU A AR A S R Ak

BEXS LRI, 482 1 I A TR A O
PEHH A SR XU H SRR R 3 S B AR SOAR B
TR AR 126 ) A T il e Dm0 07 ) B J 4 S5 7
P, 1P ) 2 P 14 2 20 FRL | P 7 1 Pl
FE I X N AT B A X AT G HL A A
RYR TEAHDCHERS 0, 32 1 2 2 I Jal 4 s A DG 4 3 1)
PP I5 58 o e o i h e BELJRR R A5 TR ) A S
F I HXE R TEARSCPE T TA (H R4 T LA E
A A B PRI SRR . 255 9B DA XU,
R, X 2 BRI T7 SR XA K A
T P EAT (T AL

1 ETHEBEERNSEHXEZEHEHER
BRI E ROR A 7 0%

DLBARALR 6 M ], XHAERE XU 2% R 2R R AR XN
X &I 4 i R 4 A A R Fg e A B R 31
LTI
1.1 SEBREXHEX N EEERFE

X PN B i s A Pl 1 T s, DU A 3 i 26 2k
L5 ARG | (BSEAE I 2R XN A5 f & A i
1 RS T AU AER0H I | B2 T ) £k I Sk HL I 1Y)
EJ7 1,

B ue(e) ug(e) i () Jig(0) 23508 F i
1S g PR L2 b BN B L T FLUE iy (2) Lig (1)



[00) & 0 8 % w it %

=38 %

F S
| Urq) é é f Zs uS(f) |

TLEB,@!J lﬁ() llFl() %‘ f®

CFl TRf :T[ s
Bl 1 X Pk

Fig.1 Circuit diagram of internal fault
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Fig.6 Fault characteristics of DFIG wind farm cluster

M 6 nTRIF Y, 0B A XU 28t 2k Ak
P Hb A N A L 3 1 B A L O P A A
FAR—E, BRI R CANIE 6 (a) BITaR ) 5 2R
AR BRI, | 28 A P S A B R T T AR
SRR (ANET 6 (b) BT ) 5 i FET 53545
AT e FL DA R AN R 5 5 TR AT O,
PR P L ) R R S A FELR Y AR R A i A% (]
6(c) 7R ) 5 i T XU IXUAILARG Fi T 237 A ) 2 28542 o
FRMEAAY , A3 XL R GEAFARAE | B0 BT A A B
AR (AN 6(d) BTz ) o B RLER N 22 PR JU B P 4R
AU BB R AN R
32 ETHEBEERABRERMBXEHAHEER
FEIX H R U BX R 47 77 SR (n EIIE

SR 3.1 1R BRI XU 4 A 0l 0 HLBY
1], DLk th 2 b ik MR IX AR AR A HTZ2100 Q




[04) & 0 8 % w it % 38k
fer BHAZ M B B AB A S = AFAR RSB A 9, XF sk 3 2558l 8 i,
iy LA IR A S ) ) N PR R AT 5 5% ” L5 @
UE . O RESE Ty 0.3 s, SRREHI Y 3 000 Ha, %ol =
FiI 5 ms $CHE 67 , 07 HUAS SR IR 7 B s f\‘@J\A—*
—15 L 1 1 1 ]
15¢ D 0 1 2 3 4 5
S@ a B} /A] /ms
2 or @ ¥ 0 (a) IKIA AL 100 © i B BE O
15t : ' : ” L3r _®
0 1 2 3 4 W
Fif [H] /ms £ 0 ) @
(a) X4 AAZ 100 O o P i BELEE MR -2 M‘?
-15 L 1 1 ( ]
L5 0 1 2 3 4 5
s@ =2 0 — At [E] /ms
K OF Do @ (b) X4 AB AHAH Al
B2 e 1.5
-1.5 . L L 1 & @
0 1 2 3 4 4 o)
Fi} ] /ms ;Hé 0 T“W
(b) X1 AB AT L% e, . . .
15 ©® ® 70 1 2 3 4 5
a@% ~ A il /ms
R O @ @ (o) XA = AR
® -15 ' Lsr _® _@
1 2 3 4 &
] ms fj; of @ @
(¢) XA=AEHMIEIREE E
15 T 2 3 4 s
ﬁ . 2 @ B /ms
$K r 0 (d) X4 AAEZ 100 © 3t BHHE M bk s
Z Cép\r@
15 : : : s 15 @ ®
0 1 2 3 4 & =
Fif [H] /ms M ol /
(d) KA AMZ 100 Q 1P eh Bl bR g o @
L5 ST 2 3 4 s
ﬁi @ B} /8] /ms
R P (¢) K5 AB AAHIFI RS
E -15 ® . O, . : 15 @ ®
0 1 2 3 4 = - -
A R)/ms ¥ oo~ ® 0)
(e) X4 AB HHAHE]H =
_1.5 1 1 1 1 1
151 0 1 2 3 4 5
@ @ it [A] /ms
ﬁ °F @ ) (£) KM= HIH kR
sl . O (D—A I RHG @ —B HIAHE RAL
0 1 2 3 4 @ —C AL RE, @ —HI% 280 T
i} 8] /ms

Fig.7 Results of correlation discrimination for model

33 ETHEB£ERFEEBAXEAMNIERFEX

(f) KAh=HEAR R R

O—A HMHEFRE, @—B MM R
@—C MM RE, @—H X RE I

7 PERLFEEEEBERMEHIFIER

of resistance and inductance circuit

FELIE Y 2k P BX IR 47 77 S 0 E3RE

T BB E ] 3.2 795 X 4 i L 2
BRRUAR SR ) G O 4 7 S A 05 BBk, 15

B8 BEARBERAEEXMHRER
Fig.8 Results of correlation discrimination for
model of capacitance circuit

3.3 2 MRIPTTERMIEIERT EE

K11 7 8 FI7 (18 P S 4 Wl A A DA 341 )
SR ENER 1 PR,

IR 1 AT, 0 T HL AR TR e g 14 A S P 1)
BEIR R DN BRI | R AR S B BOR T ik
SE T TARAEL 0.5, RIVRF- BHERSE B IE AR SC 45 25 A i
BREARAR S IE R LU T8 BT THLE 0.5, RIS 5%



%78

PRARAS A8 T I ol e i AR TR AT S P 1) F) S 10 XL 36 R R NI P37 ®

AR, BT BSOS RETIRR R  IX A
£ 1 WAEHRAEAHF LR

Table 1 Results of correlation discrimination
of DFIG wind farm cluster

- HLJR HL A 5 FHL 5 H AR
B R A W R 8

XN A MZ WA R T 0.5, JEEERT 0.5,

100 Q #4b JEBBEA/NT 0.5 BEM/NT 0.5

N MK T 0.5, FEMELRT 0.5,

DRI AB IR ke 05 MRV 0.5

X Py = AHARTE] AR T 0.5 =AHB/NT 0.5
XA A #122 100 Q i =AM F 0.5 ZHHKT 0.5
X4 AB AHAHIH] =HA¥NT 0.5 —HMHKTF 0.5

X &k = AH AR —H¥I/NTF 0.5 AR TF 0.5

BERs), = AHZE 8 H LI A S PE R BN T
AT TREAE 0.5, BRASAT G BH BB Y T AH S P4k o, £
PARNE, (BT 20 T AR AA T 310 S5k
BN PRI 76 A DX PR R R, A s A A X 1 2R %
BN HET AR AR T T (BT BE VT SR B4

2% 1 A1, 0 R 2 FL SRS ASE AR R DG ) i) 45
I 3% R 2 R A DX PN SRR A B0 R D R B
FURETTHEAE 0.5, RIRAF A H 25 B 1F A 56 PE R
S AR B AR AR DM R B0 KT [ THEME 0.5, B
FFE AR S WORT 0 B BRE A o AH VTR R 5 Y %
A X AN, = AH 25 3l L R | IR A A OC R Y i
KFBE R THEAE 0.5, BPFRFA H AR 1E AH S 4
MR EE,

ZE LAy R R, 2 R ORI T RAE RS H R A X
DA IO, 22T RE 40 ) e B A 3 A DD B e B, S AR
PIERSIE, B EA X NIRRT, D B 45
IROT LA H 56T H 2555 7 1 i Ja 4 4 S 4 )
YRR T B A2 1R 2= 52 W T /N | R 5 T BH SRS 7R AH
KM NI LR T7 AR
34 REBERZFAREITILT 2 MEPTEMES
X3 EEB&E

DA 3.1 799 8 i 5l DX AR B LR Ol 9 o, IR
AL 3.2 1 TN, 43 5 LI UE S KU R
GAE AT s A7 R0 T B 2 A O 5 S AT LI
B, 53 AN 2 B AR A R B Y B ok U el BEPE RE R AT
AT

YR 3 RO R A 2 AR b R B AT B
T

a. i H XA XU KAL) 10% .30% .50%
KANEIE

b. UM 5 3 ok %0 2 % 3 1 70% |, 100%
1209% A5 5

c. KAz I L BH A5 100 Q150 Q200 Q Ay
b

VIR A RHEE MR S 6], 0 D6 ik 3 i
BN 2 A PEREIEA T X LIGAIE 5 & A X Nk

B I HERf ) E BT i L R s A R
A= AN R, PR TER AN SR, IE <07 s A R R
EREHE 0k -1 4583 2 s,

2 WREHXBEERAGIER
Table 2 Results of correlation discrimination of
DFIG wind farm cluster

-~ F 555 5
BHLRRHE BRI HL A H AR R
10% B2 iz o e
30% HLAL 1535 ,%ZE (1) EZ? (l)
50% HLAFEiE EZ}]\ (1) EZ}]\ (1)
O e i
100% %152 % 1k :;';ﬁ (1) ;;Lﬁ (1)
DORHERE e e
2100 O P b gﬁ (1) EZ}]\ (1)
L s
mooo i L

HI3% 2 AT, 2 Bl R4 7 S8 52 Ko il iz £y
7 AR i SR 1428 A R B2 TR, 4% Bk T 00T B 6E
IERRTAESIME . T s AR AR S A 31l G f 37
JEER AT B F LR e S A,

4 #ig

ARSCRE T R BOR U R AR B ) 1 2 sk 4e
R FREASE TR R S 531 ) S AR XU A6 R IR R
Jrgé a5 B R A Rk R B R A,

a. AR I B S AR U AR 2 AR X
FLA T R A 2R IX P AR, A9 BEL IR TR A 5 A 2
XA BRI, , 45 5 L AR RUARR A

b I 4 LRSS IR AR O 1 ) ) ) A R
JRCHLIE HY RGN OR300 58, ) i Pt 28 0% A i 22 50
FL P | R O o £ G A 38 2K 2 X P I st
A3 BELJRRASE R T AH S, T & AR XA e I AN 75
TEARSCPE R A5, 43 LRSS A S 0 331 X
JRAH R , OR3P IE B S, UTBR SRR

c. FE TN Sl i o B AR S H 1] A B X
R HR RGN OR3P 07 58, R 22 Bl Pl s | ri 7 P
A RTEIE 4 2R DX AR R A 5 Rl A0 25 T A
KM, T A DX NSRRI AN A 5 TE A S B A e, A
i L AT R S ) ST AR 2 3, o8 £ 7
IEBRSAE, VIR R

d. ZRSCHTH R 2 R OR3P 7 S35 TR SR 01
P18 Al e e A R0 R0 ) SEARL, A 52 KU R LT



6] & 0 8 % w it %

=38 %

MBS AL S5 5P SRR AR | e 1 I A R IR, PR
EolL(RTE T3 G S A o s R8BI Y D D B e e
FRRAEHH DR OR3P 057 5 iR 225 /N LR P fiE
OO, I HAtd B B fE B 6%

SE 3k

[ 1] WANG Chengging, SONG Guobing, KANG Xiaoning, et al. Novel
transmission-line pilot protection based on frequency-domain model
recognition[ J ]. IEEE Transactions on Power Delivery, 2014, 30
(2) :1243-1250.

[ 2] HAO Zhenghang, YAO Zhiging, LI Shaohua. The contribution of
double-fed wind farms to transient voltage and damping of power
grids[ J]. Tehnicki Vjesnik,2015,22( 1) :43-49.

[ 3] ZHONG Xian,FAN Yanfang, CHEN Weiwei,et al. Study on LVRT
coordinate control strategy of DFIG when considering non-rotor side
Crowbar protection[ J]. JCIS,2015,11(18) :6747- 6757.

[ 4] IEEE PES Wind Plant Collector System Design Working Group.
Wind plant collector system fault protection and coordination[ C] //
2010 IEEE/PES Transmission and Distribution Conference & Ex-
position,2010. New Orleans, LA, USAIEEE,2010.1-5.

[ 5] %hie SH55 T —. XUSHEERFIC S0l 2748 Kok i 4R e e v £

PRIRLT]. I RGP S5, 2016,44(5) :47-54.
ZHONG Xian,FAN Yanfang, WANG Yibo. Research of transformer
and outgoing line protection of collection station where cluster of
double-fed wind farms put in[ J]. Power System Protection and
Control ,2016,44(5) .47-54.

[ 6] skfrsy, skl JE, 45, AR AT 4% AR AU 520 (75) —

JAUHL 373 2 R B AR AP s e A A [ 7). B 0 B B i 4

2013,33(6) :1-6.

ZHANG Baohui,ZHANG Jinhua, YUAN Bo,et al. Impact of wind

farm integration on relay protection(6) :analysis of distance protec-

tion for wind farm outgoing transmission line[ J]. Electric Power

Automation Equipment,2013,33(6) :1-6.

SUONAN Jiale, LIU Kai,SONG Guobing. A novel UHV/EHYV trans-

mission-line pilot protection based on fault component integrated

impedance [ J ]. IEEE Transactions on Power Delivery, 2011, 26

(1):127-134.

[ 8] skfiex, Ei, Z0HE. U7 A ALER A1 34 A HL T R 6 A e
FEAESMTLI]. RMHEA,2012,36(7) :176-183.

—
~
[

ZHANG Baohui, WANG Jin, LI Guanghui, et al. Analysis on fault
features of wind turbine generators concentratedly connected to
power grid[ J]. Power System Technology,2012,36(7) :176-183.

[ 9] it RE IR, B8k, 5. 38 N T S X% 1 750 kV £k
PR L 4 R BB ST [J]. B I RGPy S5 4, 2010, 38
(16) :87-91.

HE Shien,SUONAN Jiale, YANG Cheng,et al. A 750 kV transmission
line pilot protection suitable to Jiuquan wind power base delivery[ J].
Power System Protection and Control ,2010,38( 16) :87-91.

[10] SUONAN Jiale, YANG Cheng,SONG Guobing, et al. Transmission
line pilot protection based on phase-segregated model recognition
[J]. IET Generation, Transmission and Distribution,2009,3(9) :
885-890.

[11] SUONAN Jiale, DENG Xuyang, LIU Kai. Transmission line pilot

protection principle based on integrated impedance[ J]. IET Gener-

ation , Transmission & Distribution,2011,5(10) ;1003-1010.

RENER, sk, AL, 45, BT REAL U A e Hi 2 e AL I £

PRI ]. R RS E 316, 2008,32(24) :30-34.

SUONAN Jiale, YANG Cheng, YANG Zhongli, et al. New type of

transmission line pilot protection based on model identification[ J].

Automation of Electric Power Systems,2008,32(24) :30-34.

[13] Eghnik, Do, Fe/NTs, S5, R A o A 20 ) i L 2 A
WRORIPOBTIEREL T ). P LT AR 2440, 2012,32( 19) :109-116.
SUONAN Jiale ,MA Chao,KANG Xiaoning,et al. A novel transmis-
sion line pilot protection principle based on current model

recognition[ J]. Proceedings of the CSEE,2012,32(19) :109-116.

[12

[

EEREAN:

FEH/RA(1993—), B, #H B L& RF
AR BTG A B ST 8 A T B AR R OF
MRG58 H A %% 4% (E-mail:

= 826686025@qq.com) ;
: B F(1971—), &, # @ L & K F
‘2. A B T, £ AT

BAR A MBEAR,E A R %R L %4 (E-mail.
410849062@qq.com) ;

& B(1959—) %, #d T IA B, LA E TR,
Wt BT @ AR A R A MB AR BRI,

Cluster wind power outgoing line pilot protection scheme
based on time-domain full-frequency fault model correlation identification
HOU Junjie'*,FAN Yanfang'?,CHAO Qin"?*, WANG Yibo"*
(1. School of Electrical Engineering, Xinjiang University , Urumqi 830047, China;

2. Engineering Research Center for Renewable Energy Generation & Grid Control , Xinjiang University , Urumqi 830047, China)
Abstract: The protection with identification model based on fault components is no longer suitable for cluster wind
power system because the equivalent impedance of cluster wind power system could change along with its various op-
eration modes and control strategies. To solve this problem,a pilot protection based on time-domain full-frequency
fault model identification is proposed. By analyzing the characteristics of different time-domain full-frequency models
of internal and external fault of cluster wind power outgoing line , it is pointed out that the time-domain full-frequency
signals of differential voltage and current present the resistance-inductance characteristic under internal fault while
present the capacitance characteristic under external faults , thus protection schemes respectively based on resistance-
inductance model and capacitance model correlation identification are presented, and then correlation criterion and
protection criterion of these two schemes are constructed. The simulative results show that the protection schemes
respectively based on resistance-inductance model and capacitance model correlation identification can both fit for
cluster wind power outgoing lines well.

Key words ; cluster wind power ; outgoing line ;relay protection ; pilot protection ;model identification ; correlation iden-
tification



