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Study on the influence of short-circuit current characteristics of a doubly-fed wind farm
on distance protection and protection strategy

FAN Xiaohong, SUN Shiyun, ZHANG Xuejuan, ZHENG Xinyu, WANG Yang, ZHAO Wei
(Kunming University of Science and Technology, Kunming 650500, China)

Abstract: At present, studies on the influence of short-circuit current characteristics of a doubly fed induction generator on
distance protection of wind farm feeder lines and related research are generally carried out on the basis of taking Crowbar
protection action into account. There is little literature considering the influence of short-circuit current characteristics of
DFIG on distance protection under the control of Rotor-Side Converter (RSC). Thus this paper analyses the difference of
short-circuit current characteristics of doubly fed induction generator considering Crowbar protection operation and RSC
control operation. The expressions of calculation deviation of the speed-frequency component and transient natural
component for full-cycle Fourier algorithm considering Crowbar protection operation and RSC control are deduced and
analyzed. The purpose is to analyze the influence of short-circuit current from doubly-fed wind farm on traditional distance
protection. Also a time-domain distance protection method adapted to two operating conditions after fault is proposed. Finally,
the electromagnetic transient simulation model of grid-connected doubly fed induction generator is built on the platform of
Matlab/Simulink. The operational characteristics of traditional distance protection and time-domain distance protection are
simulated and analyzed considering Crowbar protection action and RSC control.
This work is supported by National Natural Science Foundation of China (No. 51367009).
Key words: doubly fed induction generator; Crowbar protection; RSC control; traditional distance protection; time-domain

distance protection

RN T 2N, AN L(DFIG) A H A AR i
Wi Ames AN VUSRS AT SR s H T
REME Jm S, Vs Yattareds, sk MmUY, WU ABLE 700 S d A,
BN AR s 5 L AIE, BB XL 5
HEWH: BRAAAFALTAE K8 (51367009 W7 AEAT A, AL R R I S A g L

0 33




/e, 2E

XU AR 7 R PRV M0 B 25 O TR S M) 2 O SRS B 9 - 19 -

LA B2 22 5, (H H A R I I8 e i i R
542 H G 2R B OR P R, IR B X I 3t
MRS U S AR g IR X ), DRI, BSOS XU
PLASE L ) R i FR IR v, AT SORHR Ge 2k s LR
(s A5 T O,

H A7 A R 253 0 R L2 o % rE iR
IR 2 B AR R N T T T R A T
1B, FEIAS T — RIS SE . SCER[9-11153 47 T
1T K Crowbar TR SE R R i L m e e, % 7t
K Crowbar {47 55 2% R AEAT X, 45 R ITH A
Crowbar PRF (1)L FELILH BREEA 2 1 AR S HL
AN, B RN R SCER[12-14]
SITIEHES T vk I 1 AR A (RSC)F2 il (1) 8L 15t
HHUR B L, el RE W TH L RSC #Hi1
DFIG i ma & s &, H8EmM s =K
PIABRS T SCER[15])08T T 11 A Crowbar {&4"
B Jo Rt R HL 374 (1t 10 et i LA O P 0 i 15
PRI RsEm,  Fa 7 A A AR T A G
LG R BRI A BEIE W B0 E;  SCHR[16-17]45 H
H A 28 e 0 00t X XU FL 26 tH 4 A = AH
WBER), Crowbar CRIBIE, H0HE TR Hids,
JE TG 43 IR ORI, W
AR B T Wb i % T, — A 35~65 Hz
Z a4, i PRCHL 37 0 PR 32 5 i D s S 4
KM R RSN, BUEAS AR )
JE HIRARAL. PRAER PRB AN FRUERS, 115 X3
W75 ) TCA BB o eV PRAE \E A B A s SCHR[18]
T T AR S mg S = A i R i A e P B
BORZE T 2R 4k FL ORI LA R ) o SCHR[19-21]
PR3 HT T vh M Crowbar (R4 E01E G, R B AE
ARGy AR G EE B AR B s, FEH T IS TR
FH 3 I 4% 24 B 5 R 1) O N 3 e 7 %, A Sk
(19153 HT T RUS A FE = I JE 285 &5 g ot e i s H, P H
LRI 53 G5O 0L PR AL 1 [l A A0 26 55 R
B, PR T Tl U RUHL I IR R4 2R 1) B
TN FE AR, SCHR[2018 5T T KB 1T S 506
MEBHPT R, 256 RBIBATR AL, FEH X
IDCE% £ H G N FR B ORYT J7 5 5 SCHR[21]0F9T 7 XUH,
Yy RE o b R B RE R, BT RS XL
TR W BH S 1R BRI B BT S R E . 2>
Mt T ARG S AR 1L 10 T BEAE PR 2 2 b
= RPHYTE LR R R [, $EH T 2% IR
B PR B N Bt B B R4 1 B e J7vds. 3C
BR[221534T T RN RS 5, 7= A
Pk ORI AT AL 48 AR IR 2 DR AN BE IE W Bl A
FEH T i BT XUk et s B 2 b P sk

PR RY T %, SCRR[23 12 T2 P, T
& 7l J Crowbar {47 S 4E 10U X L7 2% HH 2k
(P PRI B B R R

DA ESCHERAERFFE AU R LR % FEL R v, 2
J& T vk S RSC AR i 45 T ) Crowbar {47 31
PIRHISATIRAS, (AR BT U XL 4% L e X
FEG BB R 2, DA SR S R Y - XL 3%
LER BRI Zrh, AT ) Crowbar fRY3))
Vi G PRt AT T I . AR TSR TRE, 2k
VR R RV, R HIR R AN AL LA &% Crowbar
4P E01E,  H. Crowbar {547 thAe 4B Sh K i),
H AT, 2D SCRRITF ST B RSC 2 5l i) e i v o e v
HET S AR B AR S B B OR T SV ERRIE I 52 I
P H A IE N IR S o A SCE 52081 T 1F B RSC
EHIFTE K Crowbar CRASIE PR RIG &L T X5 XL
S B AR, T 20 AT ST 33K P e I AR
MG REEM s, S TES BR S =,
Ty 5 B AR A AR A 22 R Rk
3, T, P T A A 1 I 2 R
Jiiks AT T I I B R e R 7k 2 I
Y. )5, 1F Matlab/Simulink “F- 4 _F#:37 DFIG HL
WS FBRY, A B3 M T 1F S RSC #ilAT T &
Crowbar {RISIEMNFIIZIT TOLR, FET(FEM5
YRR T S A BN N L ., DL AR SE
S B LR RIS Sl 25 R R B AR RS Dl

1 SR AR R EENE
ERIFE

R R AL ) SE i e 2 UBN K FaIL,
Fol KR RO BRI B8 5 A, %10l
Wi AR gs S ARE, Y TR KT R
I, XA ATALIE X PWM AR 25 1n) H R ik
Yy, iU N T [R2D R, T PWM
ARV g NG 1 SR AL 22 A IR AT it e L
RGN G, AFAEPRNSAT ToL, 2kt &
RSC ##il A1 & Crowbar fR3'8h1E, XPHFHEITIR
AN, AU A AL R AL ) A0 i i R P A S A 4
HLYRAF A 2 57
1.1 3+ % Crowbar fRIPEHE

MRG RN, g ok, il
Crowbar TRIBIE, B IR FLAS I, BU5X
B T80 1) 5720 A L, ARl il e e i B ]
G, WREBER S TR R AR, BT ET
WA R A 5AR, e T e 4] B o B HE LA
gy, R Em R UOE IR R
N T RESEAR R AESRAS, HEE T He ) IR TR o, TiE



-20- @A &R B R

¥, DRIGE THR4l R 2 O AR 7y o
PRI 7t DU 1IN 1) SR 500 B0l OO
JAML AR i A AT 2 T s o 1)
i, = A sin(ot+@,)+Be ™ sing, + 0
Ce ™ sin(wt+@,)
e o, K IR A 5 Je i LU A B AH A1
A~ B« C ANV Crowbar R3S FL % FEL
For RIS A), RN SRS H
Ll U BRI R IR G o AR o, A
TR 7 o, A& Crowbar {RGENVER)
ST A IR T S 3 4
AR AT, XU XL SR I e i P A B
PEAE BRSNS AT R R
o, H T R R AL B R R AE
0.7~1.3 pu.2Z ], U v UL 1 S il ) e S 4

o g
&
d\

HEIIEE— AR 35~65 Hz Z A 281k

L FRUR 2 BT, 2 sR il 220 Dk
LT, R R B L IR SR L e R sk br b
ZoAd L o S T R AT B R SR T
Fedpge sy, W

i, = A sin(wt+¢,)+Ce ™ sin(wt+¢,) )

H 3 W L S B I, e
panRaEa e i A TR E SRV AT AWANC oo g LA
Eh, S R IR A M M RS, AR
AHIE R 9% R B IE5E R 507 0

2 ¢TI

2. _ .
I .= lem i, cos(wt)dr=4, sin p +Al cos ¢ o
=2 s di=4A +AL
sin.c ?J.—T/Z I Sln(a)lt) t= . COS @, sin_c
Arpe =2,

@

S gy [cos(Am)(A+ Do, + 7, sin(Am)][@] (A + D+ 7]

Al ,=C(e?" —e>")

o e [(A-D*@} + 2 [(AH) @ +72]
717 2 . Tty 200 22 Tty _ AT
AL, . =4nCe 2™ . 4n” sin(An)(1+e )+4T Esm(ﬂ;n)(rrC : c;)r )(21 + 62 )+ ZT;Ca)r cos(An)(1—e' ™)) ;
- T (t,+@ )+ 8n T (7, —w.)+16m

T O o] LI SRR U 1)
20l B PR AL ) B ERTAE £ 2355 A

[c = \/[czosic +[szinic :[cl +A[c
I “)
Z|I,|=arctan % =L, +LAg,
itl:':‘: 1C1=Ac;

M =4 424l sing-+ AL,  cosp)+ (AL,  + AL, )~ A5

A sing + Al
c q)c cos_c J _ Z¢C .

A cosg, + Al

sin_c

ZAp,= arctan{

DL g SR P S pR A AR TG 2 U 3 5k A5
(fr, e E R S e EbEE Y. hR@) T, ik
N Crowbar fRI"sh/ER) DFIG %8 H Y, | T4
TEARER AT HL I B 30 AN e T M S8 DU B2 PR
FEA) (R IR A AH £
1.2 5% RSC i 25|

REREWBEG, DFIG #1560 4% F A A fi
& Crowbar fr#'8I{E 5L, Crowbar fRIE8)E, #1
WA s o M P Sy, 38 I O il R R, AN
MRNE s T PRI R TF A 1A s 1)
T VE I DFIG 4k i B 2 2%, arkm A

. . I
ll’SC = AI'SC Sln(a)lt + ¢1’SC) + Bl’SCe 51n ¢1’SC +

®)

oyt a,t .
Cm(aze " —ae® )sm(wlt+(pm)

s o NP RSC IR IR AWIAR A s A
B+ Co~ o a, FWMESHENSHL Bl i 2k
WREEE. PI #HIZHAOCCRAA IR B): 7, it
Je RSC i (1 5 7 I 5] ek o 4o

B (S) T, 5T S AR R A Bl 1) 2 P i
FHLE, il R P [ 5 A A7) R 25 LR 43
i, HATHS AR R, R AESER
GrEE, RO RAR S R RAIR], g S
HIPLS L S AR g PT i S 500 %

LA i LA 22 D A B, IR T A
LG IR R B L T R Ay

i' =4, sin(of+¢. )+

IsC

(6)

at a,t :
C.. (aze " —ae” )sm(a)1t+¢m)

RN (QURWANE oo/ S = RFSD SRR E2VER & i)
WA SRR, RS R (0 R 5% R AR IE

5L ARE A
2 eTi2 .
Icosﬁrsc = T J.—T/Z irsc COos (wlt) dt:Arsc s wrsc +Alcirsc
2 T2 (7)
Isin_rsc = ? J‘—T/2 irsc Sm (a)lt) dt = A‘rsc Ccos q)rsc +AIs_rsc

A



/e, 2E

T T T T
Za -—a —a, -~
%@2e2)a@2e2ﬁ

Al =4nC,

e T’al +16n° T’a; +16m°
Za T T T
P _ ’EG‘I 5“2 _ *Eaz
AIs IsC :Snzcrsc %(e 2 2 2 z - a](e 2 2 . )2 °
- aT (TP +16x°) oy (T7c; +16m°)

HRAE 2 (7) AT A2 HL AR DFIG J
HOSES A S TR £ 535

I ¢ = \/ I czosirsc + I szinirsc = I rscl + AIrsc
IC()S IsC (8)
Z|I | = arctan —I — =L+ ZAp,,
IQEF‘ Irscl:Arsc H

AL =4 424, (AL, sing, + AL cosp ) +(AIL +AIZ )~ A4, }
A sinp +Al
TSC S q)rsc crse | Z¢rsc .
ATSC COS ¢l”SC + AISfTSC
H @) %0, 2 RSC bl ik i rEL 8T
SHARD WAL, KA R A R E
PR % PR IR A S0 B R A AN AH £

2 fRYREEE R IFFART 4526 B AR R 7E XL R 37
E ik ERERN ST

2.1 R BRP

A G B PR T e AR S Rty i A
PRIV LA R L s . R T i, ARYE AT
DAL I T R A B R 2o b 31 i
R IAIBRTT, R P T 5 #oE B PTEREA T b
B FHIR I TIX N A

AP 22 b I B ek 2 B

Z, ==m )

ZAg@, =arctan {

b, U, 150 B IR AR 2228 b f ) e vl A
W HL

ML R A = AR DU, KR L R
YIRS, ORI B R A8 T8, (HH R
A KLPR AL, MR S — 1 il 20, XWLAE
PRHEAT TOUT, R H s sy i S
WA—FE, 71 &% RSC 6 A s il b S A A H
Wor e, 1M Crowbar PRI BAE I 4 3 Jel i s At
ForH,

R @K@ BN KO, v LA R K&
Crowbar TRAPEIEFITE A RSC FEHINFIZITIRE T,
U2 H 2R PRAP e A BH B TR ZE TR AT N

XU X R 7 T it P, AR 0 B DR £ S ) S DR S AT 5 - 21 -
__U, U,
‘ Icl + A_Ic Icl . (10)
_ Um _ Um
™ jrscl + AI.rsc imcl

IEEP: jcl = Ascl¢c; Ajc :AICAA¢C; irSCl
Mrsc =Al ZA¢rsc °

TsC

XF TR, W R A DR 2B A AR Hb
P F U FELE Ay 7 2 FELIAL A M (1) I B A P YA 5
XF T AR L R PR 2 e b v i B AH ) L R 22,
DN R R PR AR A R LR 2 o R L AR AR R I
SR 2 A R A T, o L SRR RS 15
FIPEEAE T . a0y, R S
FE AR EAAAE, A TSk %
SuiE B RS B S BT Z JFAMER, AE—A
RZEEBABT, 2R 2 FHPUIAFAE v] et R 1)
FEZ)
2.2 BHEEEBEIRIP

B LB AT mT 4, XA H 3T J Crowbar £
PENVERITE S RSC il (1) 4 % FELAL , AL A8 Ha b
LB IR RN 2 7, HiXFh 2 S8
Fe T B SV B G IR B AR AR IEM S . A
fift P R L7326 2 R AR ARSI, AR SR B AR AN R
IERISAE R I, B HGE RN T KR N R G 1INk
PRESORY . IR B IR & 0 I b A (1) PR iR
B, BB B R e SR AR (M 2R R AR B R R, HE
RN, BIZER0N R-L e iR, nfH N DER,

MO:RKO+ngQ (11)

IR  FEQ D) AT B AR 3, SR 2= AR

Bk, B

ity s 1O =10=80
u(t)=Ri(t)+ L Y

= Arscl Drse 3

(12)
MR ik B L . W, I8 T
N IREA B RA L AL SN IR Z,, 5 1R T
RIPTZ, HEGEDT Z,, AT RS, SEELEE B AR
INEIR(EPRIETPS)
Z <Z, (13)
A3 L, R RL YT/ T3 5E BT
FE X P, ORI EnE Sz, IBAIE X AR
R, RAPANBIAE . IS DR A S B R T
HIGRAAR IR, FRE b e T ISR (0 B g R
T KL% 2

3 (HEWIERSHR
h BT AR GEBE B AR R S B R 6 KU )



-2 @A &R B R

EHEL BREENTE, 76 Matlab/Simulink [ 37 P 1
7 B 3 IR B R g i PR ) PR 28 ) BLASE Y
KRB G ECH 60, B KM H A D Dh 3k
1.5 MW, IWRRECH 0.9, HUEw/ sl 575V, %i
SERGHE A 1.2 pou., KHLEFEAR (575 V/35 kV)IEFAE
35kV LU BEE b, B & R AR (35kV/
110kV), i 110 kv KHLIZE B2 L RBIE A R
Gio IR A 100 km, ANTFEAERISE, PAA7
KL IE PP IS0 0.1153 Q. 1.05 mH,
FEHIBH . HUEM IR 0.413 Q. 2.767 mH. KUHLE
WSHL % C.

35kV
DFIG 575y

1ok & 110 kV

LSMW l — — IC;}l

100 km 24 -

1 FWIIRR 1 % B BY A 7S AR
Fig. 1 Electromagnetic transient simulation model of

grid-connected doubly fed induction generator

KL% 24K 100 km,  DABE B {547 T BeAE
TN G, BEERY N 26 A K 1) 80%, RII
e b, H B R SR e SR A I B R N T
80 km, I & BHATAE N /T2 e FHBUE, -3 )
s ez, W BHPTE N K T3 BHbE, Ry
ANEE. BL 1 s I XUEIZI% 2R 40%. 70%- 85%A4k
Oy VR = A G s ), B R R e 2
40 km. 70 km. 85 km Kb & 2E #lsi, 43 #7it & Crowbar
TRAPENVERITE K RSC S ERIPR I DL T, 16 H 2k %
Al 28 BE B AR RN Sl B 2 R4 I BV E R . T
ORI BhAREE, S2hr LM 5 0~20 ms XA (1)
I BT AN B S Wi i () sz o ™), et
J&i 20 ms JiT (00 2 FHPT R E T %

3.1 R BERIPEESFIES T

1) # f2 RSC #4ki

KHLI7 32 2R R AE — AR I, T A RSC 54
PHEATAT N, ARG BRI ERe W 2—
Kl 4 Fros. BIRE eEt . I e B e S
PR 2202 A 2k P 2 JESZ B 1 U e L H R VTSR 21 5
RS BR HBH S 5 HLT 23 3] s 28 5 11 512 o R BB
ATHHUE s $ e BHPUR AR EE B O/ P T B e i,
K7 I B S Ve R A 21

1 &12(a). 3 (a) A1 Kl 4(a) 1T 40, iB )5 11 &% RSC
P, XU X R 37 R 1 B FELR R A T
S, SIS T AR B .
JEAER, IR ARG, i i B AR AN

25 60
20

15

BHAA/

WAL

040500 20 40 60 80

1.02 1.04 1.06 1.08 1.10
t/s R/IQ

(a) FHHUIELLER (b) TRy B4R
2 BEIRIPRIEAL 40 km A HERIPRIRE S RIPHE
ZR(XAHPE. RSC. £4)
Fig. 2 Impedance value of fault at 40 km distance from

protection installation and result of protection action

40 60
3 Ik Bl
30 Jﬂ\-‘ili"l"" 40 p
2 i LR =
=10 N ol o ced B \
0 "Jl\'.;._:;,, i -0
e 40
1.02 1.04 'J—f“" L.0§ 1.10 40-20 0 20 40 60 80
8 5
s s RIC
(a) BTG LR AL

(b) (R EELT R
3 BEMRIFZRIEAL 70 km A BUEAIPRINE S RIFIE
HER(XABPE. RSC. 1£4E)
Fig. 3 Impedance value of fault at 70 km distance from protection

installation and result of protection action

80

&) GIRIED

40 {

© 20 e
o o 0
SR e LT

X

g
20 i fi iy

BTN (ER(S]

1ok ,T‘vr\/\//_'/'-'l.ﬁ;-.llllifl

10 20
102 1.04 1.06 1.08 1.10 ~40-20 0 20 40 60 80

s RO
(a) B L (b) PRI S E4S

4 BEIRIPRIAL 85 km L FE R PRI {E SR IP EH1E
ZER(XIMEEE. RSC. 1£4E)
Fig. 4 Impedance value of fault at 85 km distance from

protection installation and result of protection action

AeIEAshE. & 2 FIEE 3 %5 KR MR 2 e Ak
SR AR, 2 AT, AR A )
FHAEDC H][-0.7, 7.7]2 (M35 . HLHTAE[11.4, 20.4]2
LT3 ) P 5 B N Ry R P AR LSS i A =)
W PHA T b e FHPT Iy, BRI AR BE IE A 3
PEs B3 BARIAL TIX Pk, R il T IR R 22
e Ab () PR B R L, R S O A 3 1% BH A
[-3.05, 14312 [A9 ), HPLLE[20.3, 37.7) 2 [A13#35),



/e, 2E

XU AR 7 R PRV M0 B 25 O TR S M) 2 O SRS B 9 - 23 -

e A5 2 I FH T EA S T RN . 456
Kl 3(b)FE 5 w4, Wk S 1.02~1.03 s Wil FH ik
TAEHPURMIE AN, {2 1.03~1.035 s & FHPTAL
T E PR RAE, 1.035 s 2 )5 T LT X X
Ab TR BLPTIRI R Y, IR BT Rl & & A4
Al g2 T EUbT % B A O RR E , AT I R A 4R 3,
AN A RE S ER S AA. B 3 8 T X ke, 3
e I PP YK T e BRUE, AR AR T
S BHGTASHERf, Wb )5 R BHAE[-3.8, 17.5]2 [H]
W, HPUILE[24.9, 46,112 [A1E s, 2 BB & RH
PUE/NTHEE FHPUE RIS, TS RO 2 PR =30 .

2.0

TR EERS DL

096 098 1.00 1.02 104 106 1.08

t/s

5 BE{RIFZREEAL 70 km ARUERHRIP FIEIRIR(RSC)
Fig. 5 Protection action at 70 km away from

protection installation

2) 11 & Crowbar fR9E1E

KHLI7 32 2R R AR — AR ), 11 &% Crowbar
R ENERIE T &AM T, RSB B R B VER P
e 6—I& 8 R

Hi1 & 6(a). 18] 7(a) &l 8(a) rT 411, Wk 5 1 2
Crowbar {RIENAE AL G800 B LR N VE TS LT A
RSC #HIH g AL, vF M Crowbar (R4 Eh1E 5,
2R it DR HEL 37 A 1) et 6 v L v ) B T3 40 i
M, R L I B30 AN R TR A M B DU B R R Sy =
AR 22 b A B P I B B BT ANERf , 35 R B AR

25 60

20 40

FLRITIEETN LTl 1B

. @ﬁ
: W Y e
0 s H gL -20 e

[E i fiE 0
=
JAYEY

-5 B
102 104 106 108 A0 e R
s RIQ
(@) FILHL{LER (b) LR B AR L

6 BERIFZFEAL 40 km A BRI PR I E S REP
MEER(XWEPE. Crowbar, £4E)
Fig. 6 Impedance value of fault at 40 km distance from

protection installation and result of protection action

40 60

20NN J 20 @
A b S _/‘\

e

10 LRI R

o} V~a \I’I\/\f\\\; a0l Emb

P4/

10 -40
.02 1.04 106 1.08 40-200 20 40 60 80

s RIQ
(a) BLHLA He g (b) PRAFEn {2 B
7 BE{RIFZRIEAL 70 km AL HBERYBRILE S RIF
MEER(XWEPE. Crowbar, £4E)

Fig. 7 Impedance value of fault at 70 km distance from

protection installation and result of protection action

40 i 60
II,\I.I/_'J,.lll :,j\li:_l,u-_’ '~ |'I ——
c &= '13\
% 20 .G 20 [ N F
'—é 10FS A 1= 9 '\F_/ :
e . ¥ .
0 - L =20 ekl
10 40
1.02 1.04 1.06 1.08 40-200 0 20 40 60 B0
s RIQY

(a) P R bE 42 (by (AP ah fE4E R
8 BEIRIPRIEAL 85 km LM FERY PRI (E SR
MEER(XSMIPE. Crowbar, £45)
Fig. 8 Impedance value of fault at 85 km distance from

protection installation and result of protection action

PRSI ARES) . HIE6(b). E7(b)FESDb) T4, X
P T A I, AR RE IR ShAE s X P 3G s i e i
DN BEL AT 5 38 e BEL T 15 1) A 25 R an 1 7(b) 1 9
FiRe MEPLHUXFHX N XAMN Z AR AT fELs
&SRS, R AT RS 3 3% . AR
RS, X ANASERS, (P2 RS .

2.0

= L5¢

H

1

1.0

TRY B

0.5+

0
096 098 1.00 1.02 1.04 1.06 1.08
t/s

9 RBERIPZRIELL 70 km B FERT IR I BNE TR 5L (Crowbar)

Fig. 9 Protection action at 70 km away from protection installation

gi BTk, Kk 2 fs, of & RSC %
HIAITE A Crowbar GRIEIE I FIZIIRA S, 1%
Gebn R R AN RE I BB AT
3.2 EHEEEESRIPENIESFIE AR

4ih 2.2 iR E R IR, LR b



_24. ® & AEY B

J RSC 5 HIA K Crowbar (47 S /E i Fhis 47 T
T B R R BV ERE

1) ¥+ & RSC #k

WS, AMAE XL R SEL  [FRELUXE
Wik i 40%. 70%-. 85%Ab 73l A Ax = A ¢
B, 53 BT vk Ko RSC #a il 1 X R I700% HH 4 i el dak e 2
TR B VEREE, p g s 10— 12 .

20 40
— JE LS
15 WELRHT
% 10 PRIIEN %
= T o
S . L 0
g HSEFLI
0 20
1.02 1.04 1.06 1.08 1.10 -20 0 20 40
tls R/IQ

(a) BHHUELLE (b) TRY SRS R
10 BEFRIFZRZEAL 40 km B RIPR I E S fREP
HIELER(XAHEPFE. RSC. BfiE)
Fig. 10 Impedance value of fault at 40 km distance from

protection installation and result of protection action

30 40

5 oy W M LT
a 200 X 20
= a
:‘.s & F PR 5_1
gwo A 0
5 \ PRI f e

0 -20
1.02 1.04 1.06 1.08 1.10 20 0 20 40
t/s R/IQ

(a) BFRLALLE LR (b) RIS
B 11 BERIPREAL 70 km LB FE B PR ILE S RIP
HEER(XA#FE. RSC. B
Fig. 11 Impedance value of fault at 70 km distance from

protection installation and result of protection action

40 40 W
e
C: 30 / L ) L
o] AU 20
o S LT g
= 20 =
= 0 /v?NUQEﬁ“ﬂ 0
AN
SEEreLH L
0 -20
1.02 1.04 1.06 1.08 1.10 20 0 20 40
t/s R/IQ

(a) FHPCEEEEL (b) TR BFEEER
12 BE{RIPREEAL 85 km LM ERIFEIE S RIP
HELER(XIMEFE. RSC. BiE)
Fig. 12 Impedance value of fault at 85 km distance from

protection installation and result of protection action

FH 10— 12 w4, Il vk i i 25 IR
PR BRI NP B R 15 2
HIBH PR SRR P HPTIEAA S . 2 i
PEREARA 2B b 40 km I, SZPRELPE . HLHTO BIE

4.612Q. 13.188 Q, MIEAFZIM I, BHLI LA
H4.638 Q. 1320 Q, W HLFH . HEPTSSLFE HFH
P LEE, RZE4 0.56%F1 0.091%; 4k ri
FEFRARY 240 70 km F, SEBRAFL. HLBT 2
8.071 Q. 23.079 Q, MEAFH|FJHPH. HBHTLH AL
H8.15Q. 23.12Q, MFEHBH. ML SEPRHIBH .
AL, IRZE 00 0.98%F1 0.099%; 4k 1k
FEFEARA 2 b 85 km I, AbTF X AMKRBERS, S2hn
HLRH . HLHT20 I 9.80 Q. 28.02 Q, il E15- 3 () Ha,
B LML 9.923 Q. 28.11 Q, il FH
HLT S SEBR B . HBTAIEL, RS HIA 1.25%F1
0.32%. UL EArHrnr %0, SR FH I3 1 B 2 O
P, TS EIGE YT, AEERSE, HlE(E
B SEBRMEALE, RZERDN, DRI i S AT
TF B RSC I s AT Ta0 ~, IR B IR RE LA
DX 3 IR HEL 37536 HH 2 1% 110 DX PN i

2) 11 & Crowbar {47 1E

A9 BT P 3 25 PR X AN TR B Ut R L) 3
Mt BMERRUBRALE « 7 AT, KE
B ISy 0.023 pus 0.016 pu., & BT
TR I 0.18 poues 0.16 pu., EH T HIENCA
29pu. PREFIABSEAR LT, FELSKH
Wit ek 40%. 70%. 85% KA =AM IR HRE, 4y
Mt & Crowbar {3 B1E J5 W 3 B B R4 SV
PR, iR R 13— 15 fior.

FHE 13— 15 al%n, Wb )E, XU AMLAE T
N Crowbar TR ZNERIIZAT TOL T, BHEE g4
ANBZHETRATR M, RS IR X 5 X P AR
51t J RSC =5 E GURARL, T WAL 15 21
D BH . PSSR 2 IR ZEAR AN X
DX ARSI, I B AR A e E A B 1

MR I3l B A3 2 I S FBH . FRp S SEBr
B FPRIT L S a2 1 s,

20 40
_— R
15 W
¢ gl 20
a - g
S kel =
= 5 /v%l\ 0
T I
0 -20
1.02 1.04 1.06 108 1.10 20 0 20 40
t/s R/IQ
(a) PP LA (b) fRI N ELE T

13 BERIPRIEAL 40 km ABBE B FRIE S RIPENE
HER(XAMFE. Crowbar. Bfi)
Fig. 13 Impedance value of fault at 40 km distance from

protection installation and result of protection action



WAL, S UK R I AR X 2 R ) R e B R SR AT S - 25 -
g | L ﬂ ASCHPHT T ABABLIE I 7 % Crowbar {44
oL e B \g ATV B RSC FebI B RIZAT T4, SUS AL
Ty LS LR RE, S T WTRRS 5L R IO
02 108 06 108 110 0 % @ DGR HE I B9 e A5 B ) S A FE R (AT AH £ 1)k

'$ RIQ

(a) BRAAE 4 (b) T4 8l 1 2

B 14 EEfRIPRERAL 70 km SbEFE R FRILIE SR EI1E
FER(XA#PE. Crowbar, BfiE)
Fig. 14 Impedance value of fault at 70 km distance from

protection installation and result of protection action

40
40 SRR HT
30 oy Wi <7
T e 20
a e
= 2 =
3 W = 0
) < I
SErg e
0 20
102 1.04 1.06 1.08 110 20 0 20 40
t/s RIQ
(a) FHPTIELERL (b) A B4 R

15 BEARIFZR 4L 85 km & BIERIPRIE S RiFAN1E
ZER(XIMEPE. Crowbar, RfiE)
Fig. 15 Impedance value of fault at 85 km distance from

protection installation and result of protection action

1 KR SN S BT LR
Table 1 Comparison between actual impedance
and measured impedance
SR WA HTQ R 75/%
T A BT/ % & & s

Q RSC Crowbar RSC Crowbar

R 4.612 4.638 4.643 0.56 0.67
40%

X 13.188 13.20 13.197 0.091 0.068

R 8.071 8.15 8.147 0.98 0.94
70%

X 23.079 23.12 23.13 0.099 0.22

R 9.80 9.923 9.921 1.25 12
85%

X 28.02 28.11 28.11 0.32 0.32

MR 1 nrgn, w1 & RSC #EHIRITF &
Crowbar {RIENEFIIZIT TOLT, FeTHHE %
P32 B BT S bR BT AR 22 #B AR N, BT

Zr bRk, IR B ORANSZ B AR 43 T A S g
FEVERI S0, 25 3F M2 RSC #2514t &2 Crowbar {44
SIEMPIRISAT TR, I e B0 B 57 24 BE 1F A
k.

$ies WS 1 41 (1552 | PR 25 - ERX e N SR = P RO
ik R EIMafEretE, 192ILL 458

1) it} Crowbar f&4 2 E 1) DFIG %5 &% L
(RSP Ay e, LUKkl RSC #7l#) DFIG
FIEE FLT A AR I SIS S T A B
ARV B 1) o % R SR R A7) 1 AN P A

2) 15 B3 HT T3k & Crowbar R4 shAERIE A%
RSC #HI RGOS0, S5 T B SR 5 T I
VR BT, DL R ARG 2 AR R B dak P 2
PIBERE . S5 RH, XWRsITIRE T,
TR HLI AR YA 0 R e B BT o0 53 52 B L TR )
S AR RN W, YWSEWE, Nk
AL GE R B AR P ANBE IE BN E ;SR I 25 {4
TEIXPIRNIZAT TOUT, WA 201 fa B AT F S 5k
PRI, 0 ISR 25 PR AP AN 52 O )
RS H ARSI 20, B8 LA X 23 DX P AR
B RA

2 2
2 2
A=—(1-ku, . RzrchSz i g chszTrcz - L
L, (Tm +5 o, ) Lo, (Tm +5 o, ) Lyo,

R L (o - so)ku,

p— e m

LzDa)l [(wl - Sa)l)2 + (Trc - Tsc )2]

R.L
Co=-ean Ln;”s JD?+D)?

C

1D
LD = Ler - Lfn
t,=RL /L,
Trc = chLs /LD
ko, - s0,) s (k ~1)
1= 2 st 3, 22
(0, —so) +(r,—7,.) 7T.+50

:( L, kr.-r) +rm(k—1)}
? RL. (0-s0) +(,—1.) 7.+50
e u AEE EDFIGI LG s R A E T HL
BHs R, Wit K Crowbar (4 S AF 1) i 55 3% H BH 5
L~ L 70 ADFIGE. ¥k, L =L +L,,
L=L +L , L . L 55heE. #rwE L,
NERTRATIE: o NP o W@,
s=(o, - o)/ o, NEEFEH,



-26- €0 &P B AH
Mt 2B [4] NOURELDEEN O, HAMDAN I. Design of robust
3 intelligent protection technique for large-scale grid-
2
A =— L ld ref +[Lmlq ref + k”s ] connected wind farm[J]. Protection and Control of
TSc 2
L L ol Modern Power Systems, 2018, 3(3): 169-182. DOL:
B =R +k,)L, /L, 10.1186/541601-018-0090-4.
- [5] MORREN J, DE HAAN S W H. Short-circuit current of
B =kL/L,
B = (]sa), _ja _Ts) (Ja)] + Ts) L/L wind turbines .with doubly fed induct.ion generator[J].
IEEE Transactions on Energy Conversion, 2007, 22(1):
~ real ~B.L ku /L, ke,u, 174-180.
B =rea + [6] BOUBZIZI S, ABID H, ELHAJJIAJI A, et al

jo[(jo+r) -A(jo+z) 4] oL

—(R+k,) L, + \/I:(Rr +k,)L, | —4kLL,
2L,

o=

\/[ R +ky) L] — 4k, L L,

2L,
Kt ko kS ARSCAR AR I LA AR>S 4L
Leg > dyner ST TR TR H R g B 225 (.

Bt RC

—(R +k, )

o,=

*&C BA 1.5 MW DFIG B ESH
Table C Simulation parameters of single 1.5 MW DFIG

ZH Hti/p.u. ZH i {Ei/p.u.
BOIENE 0.9 e 12
SE T HFH 0.004 88 SE Tl 0.138 6
eyl 0.005 49 IR 0.149 3
HEREE 0.05 SE T I 3.9527
S 3k

[1] HANSEN A D, HANSEN L H. Wind turbine concept
market penetration over 10 years (1995-2004)[J]. Wind

Energy, 2007, 10(1): 81-85.

[2] LOPEZ J, GUBIA E, SANCHIS P, et al. Wind turbines

based on doubly fed induction generator

asymmetrical voltage[J]. IEEE Transactions on Energy

Conversion, 2008, 23(1): 321-330.
[3]  BRBH<EE, Re/MR, SRR, )R K I I 9 XU X

EMMEE’J% PEWFFE[I. o AL TR A, 2011,

31(22): 17-25.

OUYANG Jinxin, XIONG Xiaofu, ZHANG Hanyi.
Characteristics of DFIG-based wind generation under
grid short circuit[J]. Proceedings of the CSEE, 2011,

31(22): 17-25.

under

[7]

(8]

[9]

[10]

[11]

[12] T

Comparative study of three types of controllers for DFIG
in wind energy conversion system[J]. Protection and
Control of Modern Power Systems, 2018, 3(3): 214-225.
DOI: 10.1 186/s41601-018-0096-y.

skbroy, EHE, FOAE, & KB4k ORY R 5
Mg (= )v}XL%iﬁJJﬁhﬂIF%ﬁ%#‘ PEREZTHIT[I]. W
H sl k34, 2013, 33(3): 1-8.

ZHANG Baohui, WANG Jin, HAO Zhiguo, et al. Impact
of wind farm integration on relay protection (3):
performance analysis for wind farm outgoing transformer
protection[J]. Electric Power Automation Equipment,
2013,33(3): 1-8.

SMITH J C, MILLIGAN M R, DEMEO E A, et al.
Utility wind integration and operating impact state of the
art[J]. IEEE Transactions on Power Systems, 2007, 2(3):
900-908.

FHERR, XDHE, X ER, . 5 RBIER R AR
DFIG %% Eﬁ‘omiﬂ%ﬁﬁh‘%&ﬂﬂﬂ (0], "L,
2014, 47(4): 134-138.

WANG Yaohan, LIU Hui, LIU Jizhen, et al. Transient
current analysis method of DFIG voltage dip based on
crowbar protection[J]. Electric Power, 2014, 47(4): 134-138.
BN, #SCEE, XA, 5. %518 Crowbar HLBH KIS
P % L g s S [T). R BER, 2016, 40(7):
2075-2080.

YANG Gang, PAN Wenxia, LIU Mingyang, et al. Practical
calculation of short-circuit current of DFIG considering
crowbar resistance[J]. Power System Technology, 2016,
40(7): 2075-2080.

TREPE. U X H AL ZH T AR B T P R B S
F9E[D]. Jbat: b ik, 2016.

WANG Yanping. Research on transient characteristics of
wind power generation with doubly fed induction generator
and the influence on protection of distribution network[J].
Beijing: North China Electric Power University, 2016.

. BB e B R G B R B DR S AT 5



/e, 2E

XU AR 7 R PRV M0 B 25 O TR S M) 2 O SRS B 9

- 27 -

[13]

[14]

[15]

[16]

[17]

[18]

[D]. dbxt: A )i kes, 2015.
DING Xiuxiang. Research on fault characteristic and
protection strategy of wind power generation with doubly
fed induction generator[D]. Beijing: North China Electric
Power University, 2015.

WRBH B2, RE/MR. T B 1 Il il 25 T PR XU A
LR % F U ST (D). o [ R L TR A 4R, 2014,
34(34): 6083-6092.

OUYANG Jinxin, XIONG Xiaofu.

short-circuit current of doubly-fed induction generators

Research on

under rotor excitation control[J].
CSEE, 2014, 34(34): 6083-6092.
R, BIBKE, 2508, 55, PI#HIZSH0G U HILAL
L F AR PR B S R 2 AT (D). HL) A ik B4, 2016,
36(7): 15-21.

ZHENG Tao, WEI Xuhui, LI Juan, et al. Influence of PI
control parameters on short circuit current characteristics
of DFIG[J]. Electric Power Automation Equipment, 2016,
36(7): 15-21.

WML, 22PN, R, S, U R R e e et
BE B AR SEMA[T]. = R LA, 2016, 52(9): 116-120.
YANG Huanhong, LI Qingbo, KOU Ke, et al. Impact of

frequency characteristics in wind farms based on

Proceedings of the

doubly-fed induction generators wind farm on distance
protection[J]. High Voltage Apparatus, 2016, 52(9): 116-120.
skprzy, EBE, JRIE, & XAEA R LR RS
(My—— X 3kt ek R PERE AT D], 80 B3l
fh ¥ £, 2013, 33(4): 1-5, 11.

ZHANG Baohui, WANG Jin, YUAN Bo, et al. Impact of
wind farm integration on relay protection (4): performance
analysis for wind farm outgoing transmission line
protection[J]. Electric Power Automation Equipment,
2013, 33(4): 1-5, 11.

Mo/, mdE, ARsese, S5 KU RS i s R
Ao g R KA ). B RGERT S
P4, 2015, 43(8): 21-27.

BU Qiangsheng, GAO Lei, SONG Liangliang, et al.
Short circuit current and voltage frequency inconsistency
in wind farm and its effect on distance protection and
relay protection test[J]. Power System Protection and
Control, 2015, 43(8): 21-27.

T &k, VAT, AR, . XU KL 67 2O gk
RIS, W) RGERY 5 24, 2020, 48(2):
180-187.

YU Miao, TANG Yafang, HUANG Yixin, et al. Research

on the influence of control mode of DFIG on relay

[19]

[20]

[21]

[22]

[23]

[24]

protection[J]. Power System Protection and Control,
2020, 48(2): 180-187.

EELE, BREe, BRI, AF G TR R T M
(¥ B3 N PR [I]. PEATHE, 2017, 34(8): 74-78.
WANG Yuting, CHEN Fufeng, XUE Mingjun, et al. An
adaptive distance protection for DFIG wind farms[J].
Distribution & Utilization, 2017, 34(8): 74-78.

Tl ARG, TR S XU I LR G OR3P
FNARYUEE[T]. FEMEAR, 2014, 38(5): 1420-1424.
WANG Ting, LI Fengting, HE Shi’en. Factors impacting
distance protection for tie line of wind farm and
corresponding  countermeasures[J]. Power
Technology, 2014, 38(5): 1420-1424.

PR, JoARA, BRSO, B K URHE G &Y
BB O], B THORAR, 2017, 32(5): 124-133.
HONG Shubin, FAN Chunju, CHEN Shi. Adaptive

ground distance protection considering doubly-fed

System

induction generator characteristics[J]. Transactions of
China Electrotechnical Society, 2017, 32(5): 124-133.
PR, BT, R, &GN T BN RR N
e LR M I ST R B ORI P[], W R GRS
4, 2018, 46(1): 122-128.

HOU Junjie, FAN Yanfang, ZHONG Xian, et al
Research on high resistance grounding time domain
equation based distance protection for wind power
accessed power system[J]. Power System Protection and
Control, 2018, 46(1): 122-128.

ey 4 FL 2 e DA R B ORI ST [D]. iRl bR}
B, 2015.

HE He. Research of fast distance relay for transmission[D].
Wuhan: Huazhong University of Science and Technology,
2015.

Rfhsy, PR, RGN RIPM]. B3 P
HLD iR, 2013.

Yrfs HEF: 2019-05-25;

{&El HHF: 2019-07-22

EEEIT:

AL (1994—), %, MEAMRA, AR FT@ARNE

WAL S AR G Fm; E-mail: 1240201076@

qq.com

IMEZ 1981—), %o, BfEEH, WHE, s, MR

F A E A FG5ARY 554 E-mail: 422416503@qq.com

REAE(1994—), %, MEHRE, AT @ANLE

ANAT B G Ae M R57R . E-mail: 982328600@qq.com

(hig R aAH)



	DOI: 10.19783/j.cnki.pspc.190594 
	双馈风电场短路电流特性对距离保护的影响及 
	保护策略研究 
	Study on the influence of short-circuit current characteristics of a doubly-fed wind farm  
	on distance protection and protection strategy 
	[1]  HANSEN A D, HANSEN L H. Wind turbine concept market penetration over 10 years (1995-2004)[J]. Wind Energy, 2007, 10(1): 81-85. 
	[2]  LOPEZ J, GUBIA E, SANCHIS P, et al. Wind turbines based on doubly fed induction generator under asymmetrical voltage[J]. IEEE Transactions on Energy Conversion, 2008, 23(1): 321-330. 
	[3]  欧阳金鑫, 熊小伏, 张涵轶. 电网短路时并网双馈风电机组的特性研究[J]. 中国电机工程学报, 2011, 31(22): 17-25. 
	OUYANG Jinxin, XIONG Xiaofu, ZHANG Hanyi. Characteristics of DFIG-based wind generation under grid short circuit[J]. Proceedings of the CSEE, 2011, 31(22): 17-25.  
	[4]  NOURELDEEN O, HAMDAN I. Design of robust intelligent protection technique for large-scale grid- connected wind farm[J]. Protection and Control of Modern Power Systems, 2018, 3(3): 169-182. DOI: 10.1186/s41601-018-0090-4. 
	[5]  MORREN J, DE HAAN S W H. Short-circuit current of wind turbines with doubly fed induction generator[J]. IEEE Transactions on Energy Conversion, 2007, 22(1): 174-180. 
	[7]  张保会, 王进, 郝治国, 等. 风电接入对继电保护的影响(三)——风电场送出变压器保护性能分析[J]. 电力自动化设备, 2013, 33(3): 1-8. 
	ZHANG Baohui, WANG Jin, HAO Zhiguo, et al. Impact of wind farm integration on relay protection (3): performance analysis for wind farm outgoing transformer protection[J]. Electric Power Automation Equipment, 2013, 33(3): 1-8. 
	[8]  SMITH J C, MILLIGAN M R, DEMEO E A, et al. Utility wind integration and operating impact state of the art[J]. IEEE Transactions on Power Systems, 2007, 2(3): 900-908. 
	[9]  王耀函, 刘辉, 刘吉臻, 等. 考虑撬棒保护和残压的DFIG短路电流实用计算方法及应用[J]. 中国电力, 2014, 47(4): 134-138. 
	WANG Yaohan, LIU Hui, LIU Jizhen, et al. Transient current analysis method of DFIG voltage dip based on crowbar protection[J]. Electric Power, 2014, 47(4): 134-138. 
	[10] 杨刚, 潘文霞, 刘明洋, 等. 考虑Crowbar电阻的双馈电机短路电流实用计算[J]. 电网技术, 2016, 40(7):  2075-2080. 
	YANG Gang, PAN Wenxia, LIU Mingyang, et al. Practical calculation of short-circuit current of DFIG considering crowbar resistance[J]. Power System Technology, 2016, 40(7): 2075-2080. 
	[11] 王燕萍. 双馈风电机组暂态特性及对配网保护的影响研究[D]. 北京: 华北电力大学, 2016. 
	WANG Yanping. Research on transient characteristics of wind power generation with doubly fed induction generator and the influence on protection of distribution network[J]. Beijing: North China Electric Power University, 2016. 
	[12] 丁秀香. 双馈风力发电系统故障特性及保护策略研究[D]. 北京: 华北电力大学, 2015. 
	DING Xiuxiang. Research on fault characteristic and protection strategy of wind power generation with doubly fed induction generator[D]. Beijing: North China Electric Power University, 2015. 
	[13] 欧阳金鑫, 熊小伏. 计及转子励磁控制的双馈感应发电机短路电流研究[J]. 中国电机工程学报, 2014, 34(34): 6083-6092. 
	OUYANG Jinxin, XIONG Xiaofu. Research on short-circuit current of doubly-fed induction generators under rotor excitation control[J]. Proceedings of the CSEE, 2014, 34(34): 6083-6092. 
	[14] 郑涛, 魏旭辉, 李娟, 等. PI控制参数对双馈风电机组短路电流特性的影响分析[J]. 电力自动化设备, 2016, 36(7): 15-21. 
	ZHENG Tao, WEI Xuhui, LI Juan, et al. Influence of PI control parameters on short circuit current characteristics of DFIG[J]. Electric Power Automation Equipment, 2016, 36(7): 15-21. 
	[15] 杨欢红, 李庆博, 寇柯, 等. 双馈风电场的频率特性对距离保护的影响[J]. 高压电器, 2016, 52(9): 116-120. 
	YANG Huanhong, LI Qingbo, KOU Ke, et al. Impact of frequency characteristics in wind farms based on doubly-fed induction generators wind farm on distance protection[J]. High Voltage Apparatus, 2016, 52(9): 116-120. 
	[16] 张保会, 王进, 原博, 等. 风电接入对继电保护的影响(四)——风电场送出线路保护性能分析[J]. 电力自动化设备, 2013, 33(4): 1-5, 11. 
	ZHANG Baohui, WANG Jin, YUAN Bo, et al. Impact of wind farm integration on relay protection (4): performance analysis for wind farm outgoing transmission line protection[J]. Electric Power Automation Equipment, 2013, 33(4): 1-5, 11. 
	[17] 卜强生, 高磊, 宋亮亮, 等. 风电场短路电压电流频率不一致对距离保护及测试的影响[J]. 电力系统保护与控制, 2015, 43(8): 21-27. 
	BU Qiangsheng, GAO Lei, SONG Liangliang, et al. Short circuit current and voltage frequency inconsistency in wind farm and its effect on distance protection and relay protection test[J]. Power System Protection and Control, 2015, 43(8): 21-27. 
	[18] 于淼, 汤亚芳, 黄亦欣, 等. 双馈风机控制方式对继电保护影响的研究[J]. 电力系统保护与控制, 2020, 48(2): 180-187. 
	YU Miao, TANG Yafang, HUANG Yixin, et al. Research on the influence of control mode of DFIG on relay protection[J]. Power System Protection and Control, 2020, 48(2): 180-187. 
	[19] 王玉婷, 陈福锋, 薛明军, 等. 适用于双馈风电场并网的自适应距离保护[J]. 供用电, 2017, 34(8): 74-78. 
	WANG Yuting, CHEN Fufeng, XUE Mingjun, et al. An adaptive distance protection for DFIG wind farms[J]. Distribution & Utilization, 2017, 34(8): 74-78. 
	[20] 王婷, 李凤婷, 何世恩. 影响风电场联络线距离保护的因素及解决措施[J]. 电网技术, 2014, 38(5): 1420-1424. 
	WANG Ting, LI Fengting, HE Shi’en. Factors impacting distance protection for tie line of wind farm and corresponding countermeasures[J]. Power System Technology, 2014, 38(5): 1420-1424. 
	[21] 洪树斌, 范春菊, 陈实. 考虑双馈异步风机特性的自适应接地距离保护[J]. 电工技术学报, 2017, 32(5): 124-133. 
	HONG Shubin, FAN Chunju, CHEN Shi. Adaptive ground distance protection considering doubly-fed induction generator characteristics[J]. Transactions of China Electrotechnical Society, 2017, 32(5): 124-133. 
	[22] 侯俊杰, 樊艳芳, 钟显, 等. 适应于风电接入系统的抗高阻接地时域方程距离保护研究[J]. 电力系统保护与控制, 2018, 46(1): 122-128. 
	HOU Junjie, FAN Yanfang, ZHONG Xian, et al. Research on high resistance grounding time domain equation based distance protection for wind power accessed power system[J]. Power System Protection and Control, 2018, 46(1): 122-128. 
	[23] 何荷. 输电线路快速距离保护研究[D]. 武汉: 华中科技大学, 2015. 
	HE He. Research of fast distance relay for transmission[D]. Wuhan: Huazhong University of Science and Technology, 2015. 
	[24] 张保会, 尹项根. 电力系统继电保护[M]. 北京: 中国电力出版社, 2013. 



