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Abstract: In the case of an AC fault, the performance of a wind voltage recovery by ramp; coordinated fault ride through strategy
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through strategy. Therefore, a new fault ride through strategy PGB AR LR PRI, G2 6 K FHE
is proposed while comprehensively considering the control BN GlINE ) SR TN e AT R € S e T ik A N
objectives, operation constraints, and fault characteristics of the TERRRENE o TG, BRI 38 T B L B 4 g A i
wind farm and VSC-HVDC system. First, the development of an WYBL, A3 BT R ] DXURE 37 195 U 0l 6 S U8 B R ORI 5 520 5
AC symmetrical fault is divided into four stages, and the coupling BEJG, AT X ER 3 A ] B 37 i ) SR o) 3 VA i i 2 B 1
effect between the wind farm and VSC-HVDC system is analyzed BN PR TR R A B B 6 ik e A o R P A R T R
at the different stages. Second, the influence of the different KM R B FEA, LR TE SR S M B s 7
output strategies of the wind farm on AC voltage is analyzed and SR ST HRRE A B NS . AT PSCADIS #E T WUk KU
a combined AC fault ride through strategy is proposed. In steady AR T T RGO L, 25, R
stage of the fault, the constant current control strategy is adopted AT 7540 R R RIS EER B T i B g, SRS i
for the YSC-HVDC system' and the active current injection BERUEC S S, IOTE T R IS A b

strategy is adopted for the wind farm. In the recovery stage of

the fault, the AC voltage is established at a certain slope. Last, a KA. M, INSEH FREEN, rRAHEIRE ik
model of a doubly fed wind farm and a two-terminal VSC-HVDC PRI 2

system is built based using PSCAD. The effectiveness of the

farm connected to a VSC-HVDC system by an island is different
from that when it is connected to an AC grid. It is difficult to
resolve this problem using the conventional low voltage ride

proposed strategy is verified through simulation. The results show
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that the proposed strategy can achieve the goal of AC fault ride

through by fully utilizing the power output capacity of the wind
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Fig.1 Topology of wind farm connecting to VSC-HVDC
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Fig. 4 Equivalent circuit of combined system with no-load wind farm
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no-load wind farm

FEISATRUE s i R R ALAL IF ) LR
Off . R EBRER, R, <X, +Xyp), e
Ll R R B I R T, MG > e, PR
—JBARN, T RIAR Ve e FTV AR
3.1.2 RCEHLAT F B 5 ot

25 B KR 0 F A T, XU AILZE P AR



136 SEEERE LN

B3 B2

ST HL s v T A 2 P L TR
K67«

F G0 S5 20 A

=" ' =
Bo6 REZHHAREKERESHERE

Fig. 6 Equivalent circuit of combined system when wind farm has

power output

T IXUH AL i 1 F U 9 40 s 1 221
V, =V L0,

I B A5 T
) 526 s f8 3 ki s 8 B U L e = Tanac £0°
T T
IHUESY
Ly =1 c080 + jly;sind (8)
Vs :(IMMC+IW'F)><Rg D)
Ve =Vo + 13X, Ly (10
e (8) F (9 LA (100 7THE
Ve = Lunc Ryt Ly R0S 8 — Iy X, sin 6+
Hyp(R SN0+ X, coso)
(1) XU HILZH B b e TE Dy v 3

1D

%5}%N,m%%%&@ﬁ%m%ﬁ,ﬂw
Vir = Luve Rt Lie X, — il R, (12>

TERRRAZS I B, 38 I o e PR R T e
S o R R R B R R . TERIIATE ], K
FRLMLEEL I 60 25 LT W g P Ly 3.5 25 40 P75 5%
B 2 0T/ W . R S R TR
B L 6, RBAT (9) 67 A KRR BLZL I 5
FE AR HERS 2 Ve 8. YR DL BR A 513
R RS ILG, R T i, MUk

7 M%Méﬂiﬁtﬂ@'fﬁ?ﬁﬂ]%iﬁizﬁﬁ—nzﬁi
Fig. 7 Vector of main variables of combined system when wind
farm producing inductive reactive power

Yy 0 o T H T 10 28R Ly o8 IO 4 KU AL LT X
HURERE B Ve (B TR, 2 XU S0 P TE D)
RLE UL A T R0 5 L TR W B 1) R 3T T Ly B
D5 e T T B PR B L R A BRER Lyt
5V R FO0 M A 22, AT W F) A 1 52 Fe] 10
PERERAS, I ICERRE -

(2) K pLatfa A i

Lo =0mf, KEfiA R, Lt

Ve = Lye Ryt Lye R 3 e X (13)

T B TR A 1A R AN A8 T

jIWFle
IWFI

—a v
1

MMCO

8 REHNARLENRRNEIERSERER

Fig. 8 Vector of main variables of combined system when wind

farm producing active power

UL S A R, A e X R T
Lo TEQHII 35 Ve T Lo AR A 2285, IR
JUH S S Al Y F O (AR A 22 R R, R
o SFROC R, M R AR AR
e X3 5/ N T Lo FEQRIE 234, TR XU 370
R TC T FE TR A A i 8, O R0 s Tk
P E R — TR A

AN, U7 AT ] R A ) H R D S T
I, DIAMEIRAIG N TR JCUIEAE, i, Ve
Y HEER AN T, H

Im(VWF):IWF(Rgsiné’+X2 cos0)=0 (14)

zWﬁM%%ﬁﬁﬁ@ﬁpam@%ﬁL
(3) UL HLLLE A T e g
§5=%N,N%%ﬁ$§ﬁ%m%ﬁ,%ﬁ

Ve = hae Ry= Iy X2+j[WFRg 15

YR 77 s R /oo L0 D S WP R 770 Y it
HMFEPE, SN T A B JC T AMEE AT, R
FL R TR, 3R 1 XU R 37 4 B P XU

i BRI, AR ML DR R STk
Ik AR A X R R, KR AL O i
AU, LSRR A RS E -



Vol. 3 No. 2

XIE#ESE: KEHERMEERINSE RIS &S S MRS 137

3.2 (RFEEBAG RS

R RNT R4 e SRR [R]85 I L O PR R E
P& T B0 (] ) Dy AR R i ) RS BRI S B %, /e XF
XE 37 38 48 i oy R T BRI 2
3.2.1  HRREE A9 SR uE

R Yk R X R s, XU LA ML AR
WAk, 3 CrowbarshVE, LUk G PRI it i
PARB AR T PR B — e B, FF
TR RE LN, P85S Crowbar, HLINAS
R R RE T .

AR L R R B — AT, ik um AR
SN AN, U U R RSN IS RS, SRA
TR RIR NS, AR AN IE T T AE TS
Za (16) $iE, DAMEREB G AR T
B R B SRk B TR S ERY T TaRY i< b U WA NI

qref =ax (vlvlmt vcm )

Lirer =4 I\Z/I_i:ref

K o IR T FRERIERAE: viym A ST R
FRAFL: v ]9 PR S 30 L s SEBRAEL AT 20 N ER R
N
322 BRERR I KRR

Wl B AR AR B B, 8 g 490 U 3t DR A e D A o SR
W, el i anly H S T S T P R (LR BT RRAS e 2
REEAL . WAL R HIA S A A A sl o, e
SR R/ S TR R BRI SRR N, R TR
D, SEIRAZ U i R AR E P2 o ey, AL AR

(16

T NERME SRR R
It = \/11342 _icTO
an
iqrefZ = qu

SR NI T, LIRS
i NPT N T I 2

K Gy i MHLINAS
A Ty R R T L BRI A
F1H.
323 BrRRIK R IR SRR
AR BRI, B Ge i AR S B B
R B 1k 3% S i h TR A B RSN AR, 22 H R
3t R 3k I RATL AL o R TG D, 5 SR 3 Tt L PR
Wk E Frik, REINATES LFRIE, LIAAIESSHE
JERPFRR B PR, 26w i i H A B R A IRAT
FEUT T 15 400 0 1 15 A i B%ETE/JWHEE{JIL/ =3
B, SPAMASHE R (18) %

Vier = (Vg +h, XA <1
(18)

= (v, —k,x A= 0

qref

TN v v I Ry B RS 221 I 00 52 O FEL e 52 B
A ol &, kA NS HE LR, Ak
FERlE TR G

AL IR E BT BUE ER, R U]
e SN IR RS . XTI, AU A
AN PR i R S A GRS R [ VA
R i b 2 RGN, XUr AL H AR i T 2 A
o IR DR A

3 oy P VAN 77 6 2 /e S G e
T A3 S L 0 2% B B I 2 B SR 2 419
IR

I I I I
ol stk o |
1 1 1 1

I I I I

i ! D ommE | ek |
eitest eI M| R |

— I I

o |RMEEA D MWERE | MEHKE— | HIRE |
R T i | |
| | I I

B9 REERAFHREREE

Fig. 9 Schematic diagram of coordinated low voltage ride through

strategy
4 {FEIGIE
HYIE FIARTRME A S, FEPSCAD FHEE T X

T RUH S A TR LAY AU 2R GE 405 AR AL
AR B AR SN R TR .

KLY

F1 KEHRGEREERSH

Table 1 Basic parameters of wind farm and transmitting converter

B g
WA W HP, /MW 3000
PRNIAE it L U,k V 220
A A HE 25 B S MVA 3500
HI AR UKV 500
W B L, /mH 100
TP A Co/mF 18
B RN 244
TERRASISATING, 26 S 40 dat ol >R H 2 28 Ui H 45

il 2 vl R E B R R, (RIE S RS



138 EXe

R EXK

B3 B2

PP RIETT . REXPNBUEBITRE)R, 1.7 sBHR
HLI7IE LR % kA — MR/ N B R B (4R 3
25 R T o5 H PR RS EUE LR I20% ), IR RR
££0.625 sJE TR

4.1 RENAFERREHRKOE

JRUHL 339350 R PR 25 2 432 A 7 A P A i 114 /R
L4555/ R) =7 AN SR 2=V AN 2 B w0 =R D W ATl
JRCEELAILZELAN [l P, 3T i ) SR W T ke R 2 P 2 U P TR 1Y)

M o
1) KL =S Has T 5
R HILZH 25 4RI A TN, A I e iy 28] il e 25

B 5 BRI A 10F 7R

C y WV, b 10
& | .
Mo A NE-

7., W 0

10 REBHEHHREREHEER
Fig. 10 Simulation results of combined system with no-load
wind farm

EI105: Vo b s AMEXTHBER R s Ve o XUER L
Y1) AFHIRILI L 5 Fypyac AT 28 St 450 T 300 1) AR S FELIAE o
A TOR A, BB 205 2934 JE I R R 2%, b s
HLRRRE ROk o PO s BTN, it sl
T B EORE , BOERRESH Ve e VG FR A
BERES, X531 84 .

2) R HLA f e JE ) L 0 B

TERRERRAS B B, KU ALZE B b e o e
F 05 B A UTR

I : n : Ve
LOF . : I ; *ly [ 10
| \ ! 4 he
0.5 1 sl e : 0.5
= {
osp W e : L0
| i L) | i
-1.0GH ! 1 I -1.0
i I
! 1 1 o L 1
1.78 1.80 1.82 1.84 1.86 1.88 1.90 1.90

tls

B 11 Kt REThRRNEREe REmERE
Fig. 11 Simulation results of combined system when wind farm
producing inductive reactive power
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Fig. 13 Simulation results of combined system when wind farm
producing capacitive reactive power
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Fig. 14  Simulation results of low voltage ride through of combined system
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