E37EFE2H
2017 £ 2 A

% 2 & % iR S

Electric Power Automation Equipment

Vol.37 No.2
Feb. 2017

skAb g HURIBE X b a5 89 7 s B S A

Flerds i kR OHFLR OHEMAEIFRFLAE T2
(I B e AKF ©AEEFTRER T KL 071003;
2 BMELGHARAG B AHHFAEE LT 1000453, LFEEEAI LT 102401)

WE. ATHAGERA N Y e R EZBE ST & Fmot T RS R 83 N3 &L R AT
KR E R RS T WA F RS K AL (DFIG) A H#E R X A B (SVG) e R F $Abdeh 7 X &
“5.147 FH EEBPL M FR T D ET ARG AW E FE T DFIC A SVG K A la Btk £ o425 Bl 23 X
R, 9 B E 0 Ry — R R AR B3 KAR IR T B 948 Bt R R ) BAETE 5T 253k &4
B R GA RS54 F ¥ PSS/E A A KRB 26 7 X AWK AT Rk 35 % 3 8 23 G x5

M 35kV FHEE R FHra 5 ALERE—FRIET A HLE R SIS

;éggiﬂ EL‘*Z%, éb/i\}/ﬁ'%], %Eﬂ)ﬁﬁﬂ, ’L@i‘#]%’gﬁ%’l,

FESES. TM614 XERFRINAD . A

0 5l

TH B BB 5 FE 5 A RE SRR, 4 BRYE B N Y BE
TR FEALIE Sy & ™R | XUREAE Sy v] 154 g U8 Y & 22
0 AT AR A )T T e AR ) ROA T B
AT PR AR B TR R R R EE T 1) U2 v XU R R
T | #RE 2015 4RI, 70 E RUA BT 5L 3.075 x 10
MW, [A] b3 K 32.6 %, & I X 211241 1.45% 10°
MW, 7] b3 K 26.8 %,

P 3% XA B8 U8 A o A e, KU R SR
FEAERAE AL M X G far O £ 40 A5 7E AR R
X X e g T H AT R B R R RS A 4
A KB B a6 s A far 1 07 2K Bl A 2 HLEE
SR, kRl S ok 10 B B 25 i | RI4E
Hh O I i L T 24 235 ) e G S B N JR AR Bl T
AEARL 23 7E K X3k 5 | 322 e o -5

AR« = db 7 b X & A 2 ke IXUHIL 5 D) =
W, B A O SRR 2R AT b, SCER [ 6%
X AR PR, e DXL 322 0 8 P9 = 500 & i B 5 K
e NI =8 L INTE N iyl T RN P s
SCHR [ 7 ]38 2 2 B B o0 5 5 A ML O R A R IR XL
ML B0 I 0 B | 4 S0 A A e I B
FHOFE R KUHL A2 7R 2 B I8 Th s i =X 2 o e
A, SCHR (8 176 43 AT IXUAIL 3242 B Ao o9 5 5 I E 14 [
BF X2 A 2R G R SE PR XU 3 AT PR AN RS | G T 4
A IR HEL 37 02 75 T ARG F R S R R SOk [9 135 A
FE KB )9 B 72 | 434 AN [R) JE H) 8% 44 7 e o 72
HOST G R R, LA SCRR BT I G 2R e R
B8 . KUHL 37 P 2 XU MLZE B R TR 2
B ARBGE | ITTAE 375 N A i 3 i e o 00K 2 XL

il

Wi HE.2015-11-18; 18 E HE3.2016-11-23

-0 R ZHE, BRI, ZBELHH
DOI: 10.16081/j.issn.1006-6047.2017.02.009

A MLAAIC R R I 5 (2) L AATL 4 PRI P 2 A oA S B DD 5% |
ST T A Tl 1 AR (o ik Se AL 2 v L R, {H 2012
AR U M D <5 147 FElc | 22 KU H 3 UKL AE T i
10T A e R S BOE BRI 45828 =ik 737 MW,
SCHR[ 10 LA I 3z o H ) R TC DA MEE 4R SVC
(Static Var Compensator ) A ] >R I T —Hi i R
JEVE  $R Y SVC 2R S B 0 T 45 ) T B ik
KA BN R, B SCH 400 & IR T RUHL I 5
X, ot B o3 B A5 e R W A 3 9 4% S BR
TeUIR R ShATT Ry, A 2 DL B T R sk AL g5
W AR A XL N B S A TC DR B A AT a5t
I 15 350 L 375 e F S 3 B0 I Y — S OCRRER 2R
AR SCHE TR AL W I b DX 5. 147 Sl h & UL
AH 2 BT (PMU ) SE DU 854l | % =1 05T XU 3 T
DR A [l 4 i) 77 20 S ) 1 AT 52 B L 25 s % AT
Bl J5 X 7 OB 2 L R s e | 3 R FH TS T — L R R
HECRE VA A T 1 U5 S 20 K ) K LA DFIG (Doubly-
Fed Induction Generator) X #f 1 TED & A48 (SVG) R
FH A T Sy 2 1 s (%) To oy — H e R BRE | A AT LN AE
S K2 JF B T PSS/E TR0 H A BTN U M X
“5.147F s OCHE XU 3 JC T L S I sh A AR

1 HIREMEX“5. 14758

1.1 S 2 [

s b W IR L IX R T [ LA Al XU T AR b X
A 23 XY RSP AR 4 AR LR
S %% 220 kV ILERL . % X & KL 3728 2541
AL N ICTh A E R 1 s, K B R
LA A MW TCR MCR 1 FC 433 R
pims [ 7R 97 ) ) FLBTE #  E 95 PL 0 R D0 0 Sk 1

AL E T LA & R0 g A el 5



JRIL e S sl v e I S T U 3 3 3 AT 3 B A @

%2
100.5/TCR+FC
LR
98.25/ 48.75/ 199.5/ 495/ 493/
MCR+FC TCR+FC i MCR+FC TCR+FC TCR+FC
O——{H e | —{FeRfiE | kit
100.5/ 150/ 147.58 / 495/
TCR+FC 99/SVG| TCR+FC SVG TCR+FC
(i | [heg] | [WwE] (KOS [4E6]
100.5/
TCR+FC
495/
TCR+FC vl , 99/8VG
(R gy N TEm

%%

49.5/5VG

100.5/ 99/ 99/ 99/

EMCR+FC MCR+FC\TCR+FC\TCR+FC \TCR+FC
TC [2k] [RB] [BUL] [B&] [E%50E

B 1 bR X & KB ELE
Fig.1 Connection diagram of wind farms in Guyuan area

At L% 220 kV I AR BE L g5 200 AT TRl AR
g5, DN TE AT A R T A ) R AR B vh
AR B i a2k 2 e ) PR DT 20 — EUR AR SR
TR RES R &R N, Ry 1 PRI H I 32 € 28 55 i
b U XX 3 R 2 IC B R R s AVC
(Automatic Voltage Control) % 4t %, H 5 3 )2 I 1)
FIMEE R B HARTC & A 1R 2 Fh i 7 =X

TR X 5,147 35 HUE — Y ILA  RCL LA I
o LT B I S, SO AR RT3 A B
B B, i T IXN AR AR, L& T
AR HR KU 38 A 15 Mvar LA 4 | 4510 S 0l B
L BTE ERE S BRI AR S Tt 2 X 3 B
2 HL T BT B KUHL g e DR BRI s, — 3 23 KUBIL T
R 8 09 5 4 3 B 2 TR T B 5 — I T 51 R H Al
IR 7 B 2 F T ek IXUATL v T R B BRI 3 gl i
I VR 22 XL v 37 IRUAIL 2 P, 2 050 O =, 460 2R A Ty
iR 737 MW, 25 3 XA AR PRI R M B I 1A 2
20 R R A I T R 3K T XU H AT T AR L

JET £ PMU 12 5%
5 — B Bt ‘

260 / o BB H =B 1000
> J B
= =
H\' 230 500 X
B I

200 0

14

t/s

B2 WRE&AYREI LB EZ%
Fig.2 Active-power of Gu-Cha line
and voltage of Chabei station

12 EWOWEBAEERNIER
M 2 sl DLE W SOk AR T 2 BB
TSR 26 A KU AT D JL-F AN AR 3 16 BH S5 05—

By B ) R b T BRI AN S R A O s
TR R G T BB A, BT AT T 380 By
BB % 4 T K 7 i T dAT R

O TR A R <5147 35k & XU 3 PMU 3K
WS A B, kit B v 2 R 3 19 TCR 32 6 R 4%
AT A 2 SCHk [ 1079 BT Y SV C 2l Bk
I E TG ) R T B O A B O R B A e
v i 2 B S Kl S KU 7 N SVG FITXUEE AL
ZH 2R | He 2 R XU b B AR 1 A A R T T
Ml B 3.4 4004t Fsko kb TR TSR A
(S HE XL 35 KV BEZRHL T (bR 4 M8 X3 BT
AR u XML iRk JE Tl 2k i PMU iE 5%,

R o
e B Y
0-95 = 1 1 1 1
13:41:16 13:41:20 13:41:24
13:41:18 13:41:22 13:41:26
B 2

B3 BHhXBEREYE ISk BEBE
Fig.3 35kV bus voltages of key wind
farms during accident

0 g7

g re—
E -
~N 0r
D) N
R SRS\t
10 . . . . .
13:41:16 13:41:20 13:41:24
13:41:18 13:41:22 13:41:26
i 22
(a) M5 T
I (LR
& AI .[M.»-’"
S S — T
S T TR SVG LB 7 et
R L mEE o
13:41:16 13:41:20 13:41:24
13:41:18 13:41:22 13:41:26
%
(b) 5% 1K 5 3
- 0 [
% 5
SIS I
I -10
R
HiR
-20 . . . |
13:41:16 13:41:20 13:41:24
13:41:18 13:41:22 13:41:26
%1

(c) Ik KT
[ 4 HHh K § KR 3% SEBR T Ih 2k

Fig.4 Actual reactive-powers of key wind
farms during accident

E 3 13:41:17 K24, B TR E I # A
15 Mvar FLZE 45 3) & CkE XL 3 35 kV REZEHE R I
T BB R RRSE T K2 6 s BB E] ) E] 13:41:23



(56) ® 0 8 & iR B

F£37%

i, — &R 43 RUAILEL B v o S B 9 F R — 2 T
S 23 WNITTE AN ORI = S T o G D <5
W o AT LR R 5 — WROTE T3 R 2 o b A ST
FE B SCHE I B 4 v 45 S XU 3 11 JC D) R 7 e ik
R A i X

a. DFIG fH Ul

ALl By R S O RE M AT
Ui#MESE N DFIG, N 4 (a) W AT LA H N X
MLELTE HL R 55 — UROTE Tt 2o 72 v A T 8 J 1 T gtk
A A K T AR B

b. SVG H IE 5]

B4 (b) 5810 KU 3 9 3 2 S T IR A
SVG FXAL 2 B, 76 HL 5 — IR ICF i B ,SVG 5
KAHLE PR it o o 45 i, HLOXUE 37 11 Ak 2 3
B

c. M e gt e T ol

Bl 4 (c)H 303k XUH 37 76 L R 55— ROTE T 2o
rh R R B TE I IR AR ERTE — 5 Mvar &£ 47,
Ui B R 37 P9 TG Ty w206 TSR B T 36 1R 2R R TR
e e T il

T T A Y S B XU R 3 P ) B A T T R
BE R SE — KE T 7 R ¥ AT & 4 s 25 R
SCYERE T AR TE R TR 55 R IC T 5 5 4 4 )
B H R T ah VR, T RERH 1k =R il i) %Ak,

g5 A TR = G X F b R s o 1 A
BT, R BSCHR (10 1 BT A AE LT 2 A n) i

a. (UFERH I SVC Wsh 1T R, HIX &K
HL 375 15 R I SVC Bk S B tE Te o # il Oy =X, fH
SEBR AR 3 i PMU 2086 ok B 5k AR T AL 3
SR T YR ELE RN DFIG, 4 — 53 Wi 3 4%
H SVG,

b. XA 875 To Ty R Mz e i ) S T T A AR
h T B R AR R R HL o b a RR RE
RN AR A 5 30 A TO Yy A Bk 2
BT A RS SR SR AR R, AR g S B
AR ESEEIFATTEX 50, R EE
A6 TG )y e ) 7 40 Sk XU R 3 |y EL 2 T L A
BIRH A XU 37 Ab e % s 2 I A > T e ket
ToohEd 7 U, o B B A b TR S R
A EEX R e X LA B SVG 1 B
TGy 42 ) B H: P 7 52w PR 2R R T iE— 2B 40 M,

2 REBLCEMXBEEREHE

2.1 EXIEHSHEERHE

KT SVC A S % T T 4 6 H R R
B 52 00 A 43 B, AR SOR B3 | 8 SF9E DFIG &
SVG W18 JC Ty 4 il 6} i R R sg i T

P L F H R R A0 AR (VSC) Y J5E B 141550 Wi i w% &
L ICTy B AT DL A e — A R A Sk R
i 1k [ 25 #ME 4R (STATCOM ) VE A58 % 42
STATCOM 5 R4 Z [ i TC Ui sc e i BNl 5 fip
o M I>0 B STATCOM MW Te 2, ) Z STATCOM
KW TCT, Hod 1R e ) SR R 2 P AR Y
N STATCOM & il 2% 2t 7 45 il 16170 R 4 i Sk
V£, TS A STATCOM [ faj BRI R G A

Ii/ ] U\I‘N T
STATCOM
T e T ISTATCOM

B 5 STATCOM 5 R & LIk E

Fig.5 Reactive-power exchange between
STATCOM and power system

Kl 6 45 th &4 STATCOM Y fif B XU 4E R 4¢
B, Horb X, X R X 5 R E BT i 2k i R
P THEAS AR BT R S 3] R G S B BT ]
X FR X=X +X,+X;1 A STATCOM T[] &R Gr$#24iL i
TCUTHLR ;P AN Q 4300 SR UH 375 9 BT A RUAIL & 1)
A, K ErA &3 L ERR,

EZ0°. . pPCC : Us6 .
X, 20 Xy P+
I_/\.JW\_r\Jv]Y\ IZZOerJer\?’Sle <—JQ @
A s STATCOM

B1

6 &%H STATCOM MBI B R BICERSE
Fig.6 Diagram of simplified wind power
integration system including STATCOM

WIEIE 6,5 &4 STATCOM B J7 B2
po EU

sin6
(D)

_-EU 1
Q="3"cost+ [y =B |UP+1U

R T o7 AE A XU 3 8 T A UL D E
DR 1817, B A mA D EE (1) TR .
(1=BX)2U*+2IX (1-B:X)U*+
(PX*-E*)U*+PX*=0 (2)
FIH (2) 115 STATCOM T #5 dil Bf 14 9U /0B,
HoUs00 M.

au__ UX (1-BX) +UIX?
dBc  2(1-BcX)*U*+3IUX (1-BcX) +PX*-E?

U _ UX(1-B.X)+IX?
00 ~ 2(1-B:X)U*+3IUX (1-B.X)+I’X*-E?
STATCOM & HIH Jo P 4% il B | Qgpr= U TH A
W HAAAKX3), AR\ IR oU /0B 5
aUu/ 9Q M ;
U _ UX (1-B.X) +UIX?
0B: ~ 2(1-BX)U*+21UX (1 -B¢X) - E>
U _ UX(1-B.X)+IX?
00 ~ 2(1-BcX)*U*+2IUX (1-B.X ) -E?
e (3) A (4) I R/INAT FE 8 STATCOM

(3)

(4)




%28

JRIL e S sl v e I S T U 3 3 3 AT 3 B 5 4 @

2 A O N Y - R R U T (3)
4y aU /7 0Q W33k X X B Ry 43 B A TA]
L 2 (3) B (4) i B T s,
IX[U+(I-UB)X] (5)
2 7>0 B (S EKRF 0, X £ SVG 5 Sve
BBl A AT S DI L, B2 ) 4 Ad T R AU M G
DR A BE | R FHE JC 2 45 ) R 23 34 R BEZ i T T -
LR R A,
22 BERSEZMEZER
TE 2.1 WAL I HE— 25 M KU TC AR M X
FERBUER 2w N ZE . KALEk STATCOM & H 1678
Ty il B F R R BRI R R s (S) Ak
SVC 7E 4§l 5 20 B S 8000 e RO B KRR
2 (6)ME R,
2U°B,[ 1+ (B,—-Bo)X 1X (6)
M (5) 2 (6) AT LAF | 5 mi i i R 0% 3 K
FEBEM R ol 9450 3 4> 00 b i i M T T i (B,
) AR AR (B) U KRBT S5 R85 2 HH
R (X)), WL, AT (5) K (6)Fm N
fi(Be, I, X)X fo(Be, B, X) , K238 5 B & F B,
B, X R IR EIX 3 AN FE 5 T - R 2
FESE R AR Z [ SC & = (7)—(9) s,

dfi(Bc) —_JUX?
dB¢

AfBe) - _oy2p, x2
dB,

Q%ZX[W (21-UB)X ]

ngéizzUZX[l +X(2B,-B,) ]
L

d%:[[mzxu— UB.)]

(7)

(8)

9)

dA(X) _opp _B.
o - 2U1+2(Bi-Bo) ]

M (7)—(9)H ] LAFE Hi . 47 DFIG & SVG 5§
SVC K HE @ ool W= (7) /N T 0,K(8)
KT 0, 3% 156 B R L 3 1N Bl 2 TG ) 2 2 ' A L
07T, Z 2 AP ST | How) 4h i 2t T o
AR IR 2k JC T — L R 52 05 1 16 R R
R AH S, #5011 HL 25 2 25 R, )
Gy 42 TC Ty — v i R B0RE (1) 3 KRR B2 8 /N 5 I A
K (9)F I, KU 37 R 2 0 [ 25 EL USRS /IN () TE ) —
HL R RO Hb I 2 o HL A K TE ) — H R R R
AR R

3 FERIE

3.1 BERERSEHE
PASE AL Ml X 2 )8 XUHL 3 R A5 % 5, A

WK 7 Fros 240, 9 XL 37 3 IRUBL R BUEs IXUAIL , B 3
A R 1, Horp X3 1 WA S8 oY #h
BE SVC, WHLY 2 WAL L2 4%, I 20 il 2
Xy Xp ARG X,=X,=001 pu; Xs RS
REEZ MM S EBEI, Xs=0.2 pou.; 2B EEF BT Xy =
Xp=0.09 pu., REGEMEZREH 100 MW, PSS/E
D5 ELLE 3 FE AL s T E X 2 A= 10
Mvar HJHLZE 2% (B 7 ™ Bey) 5, H 35 kV BRI

ARG L,
@%%"ﬁ%?ﬁ
Xs
PCC
X X
220 kV 220 kV
T, T,
35kV T T 35kV
LR 78 é) By T Best @ WHL 2
40%x 1.5 MW - = = 67x1.5 MW
Bay B,
L SVC

B7 @GRREHER
Fig.7 A simple system for simulation

D5 51 ALY 1 TR B H AR AR TG D
il , H AR IC 535~ =5 Mvar .—10 Mvar X 5 Mvar,

K8 i 7E Bk & T Xl 2 A A A
Ja, M35 kV BEZ AL A AR AL il £k (R RO AR £
JE Ty, AE A LI 2 X3 1 He il i E 4b
SRR KU 2 AR T, H 35 kV BE LR
Rz B LA RSN 7 SVC Fa i 77 2y 52 e T 4k 22
B Tb, B B TR BE D LA R S X 3 Hh E A Rt TE
Iy 8 385 TR 4 R T 25 KURL 37 1 e N AR S
PRI, SVC B9 BBk il O Sl R B 2 #9 35 kv B
2 L A

115 WG T - 10 Myar

w 110 o
B 05|
\%Uilﬁ%Ij] 5 Mvar
1.00 , . . . |
0 02 04 06 08 10
t/s

B8 HE 1 HREE 1 M35k BEBE
Fig.8 35kV bus voltage of wind farm 1
in Simulation 1

DB 2. AH Y 1 N SVC SR AR 2 6 1 TS T
Pl 6 2 Rl S HEAT 4 B . D SVC W) LR R
Je1 M =10 Mvar, N A 5 Mvar HL A 2% ;2 SVC ¥
TRIEMETCTI R —10 Mvar, W N4 15 Mvar A48 .

KBl o i Mg 2 AW E, H 35 kV Bk
LR FRAE DL L 2 A B LT AR AR L, AT AR Y



(5] ® 0 8 & iR B

F£37%

1.10 D
1.00 . . | | |
0 02 04 06 08 .

t/s

Bo fhE2HXERF 1 B 35kV BREE

Fig.9 35kV bus voltage of wind farm 1
in Simulation 2

FEWI IR SVC B S B A SE I LT, B9 16
WIT R A A A AR Z BB A S5  HL Y 2
(4 35 kV BELRHL IR I TR QLR TR] i R0 4 s 3
JIT 8 HL A A A K LR R TR R AN
PE 3. 7E0h B 1 3R -4 X 20310 009 p.u.
0.15 p.u. F1 0.2 p.u. B FEZ BB A BN E K 2
35 kV BEZ i s At 2k an & 10 B, Ho X=
0.2 p.u. BfHLE FFHAy M2 S5 8 e s I T ™
2 AR R 18T 10 BB TEAR TR TAL T, 24X 3
RRLRJ B A AR/ NED R G B I A 2 B A IR
e W ETHIREE AR R
1.15

w110
2 105

1.00
0

t/s

B 10 FE 3 RXES 1 B 35kV BEBE

Fig.10 35 kV bus voltage of wind farm 1
in Simulation 3

R B B E T AR 2 1 T AR A58 1Y IE A
T A X e g i (5 B NG TR L X 45,147 F K,
32 HiREMX“5.14"EWHE

A SCAE PSS/E HF2 ] 1 4 2 3 U5 M X {)y R
R RUBIL R B KL, B TC D 8 15 /8 ) BLECA
1.1 f5ad AR X R H 3 TG T b A2 24 AR
PO S BRSOk AT R b g 5 s
JAHRL 3 Hh XL 349 R R e Ty ) EL TS
Ab S ENE S AR A TSk XU ok H
A e R TE T s

TR 7 BEA 15 Mvar LA 285, X N S 4
JAUHE 37 F R ) S B il 26 5 0 B 2 4 & 11 (a) |
(b)JT7R =5 50 A 9 B O S XU FL 3 1) TE T )5 L 4k
meE 12 Fis .,

ST N NEER 7 E NS = ¢l WU s RS
Diyp e e B i 07 X GR RE R 2 X4
K 3 TR BT Horp U8l T B9 XL 3 35 kv
R IR R 1.1 pou S5 KLY | 5 | A LA 4R
R R KLY 35 KV B HL R AAE] 1.1 pou., #EK
DX P RUAIL P v f P R T AR I, X R TR 11 (a) (D)

1.25
o 1.15
2 1.05
0.95 &= L ) .
0 2 4 6 <
t/s
(a) JFHCP LB 35 KV REZR L SEBR il £
1.25 ¢
- a4t Wk 3
ﬂ 1.15 "
g3 . !
.05 =« ST S
| Ny ALY
0.95 = L . ) .
0 2 4 6 5
t/s

(b) HFHCP IR ALY 35 kV BEZR AL R4 1 il 2%

11 XEXBIF 35KV BLBE
Fig.11 35kV bus voltages of key wind farms

100 mmry

R
~ 0F
ﬁ
e o . ABLES . .

o 1 2 3 4 5 6

t/s
(a) Frik e KU 375 0 S 0 B0 il £k

= 0r
R e
= Nk 2R 5 D)
S -lo0f
2 WL SVG LY

-20 L 1 L 1 1 |

0 1 2 3 4 5 6
t/s
(b) Flrb L X S T 7 B 6
- 07
e
= B 2 B E 3
~ -5
ﬁ
-R_]O L 1 L 1 1 |
0 1 2 3 4 5 6

t/s
(c) S Sk AU 37 0 2l 5 AL it 2k
12 XBERXEBIFETEME

Fig.12 Simulative reactive-power
curves of key wind farms

L 4 12 LR RS RS A R ARG,
DX pAy L TR X HEL 375 1 HL T HG ) 52 B it K A )7 L 2K
AR LT A [ 64 1l B 07 1 RE % 1A B 3 i i
P B 7 1 s A

4 ik

ASCLLSR AL T R X “5.147 Sk 15 5 i
X N PMU B4 53 #r , 48 i H A S5 5 — B B i
Rl B v R % e XU 3 L PR i sh 3847 0 SR 5 2 T
T V) — L R 2 B R DFIG M SVG 18 T8 T 4 il



E2H JRIL e S sl v e I S T U 3 3 3 AT 3 B 5 4 @

J5 A T - R R R IR AR R Geh sh AT
TR 00 U 25 M T T 00 1 a1k TG T A0 e 8 % o X
L RS 2 A5 3 DL 4538

a. DFIG .SVG & SVC & H 18 & J6 Ty = il i) |
Z B i S SN I ) 1 KRR TE ) R R K
Bl R B 2 S DR IR 2 M TC D) R G

kB T, B 0 25 06 51 6040 6 6 30
TPNIE PN

b. I W B R | B A TO I A R
FHAR P TE T 42 6 HL 3 B LA B A R B/ KL
%%Tﬁ%ﬁ%m%ﬁu%%ﬁﬁﬁwzé

AR DL b 2538 32 AT X iy 3 i,
~Eﬂumﬁ£%§hﬁﬂm GO N R 7R
2L 0 R S A A B TR NN R XU 3 N Y Bl 25 0 )
%V“Eiﬂm%ﬂuﬁriﬁ €77, 1 HL Aol i

T E BIR E I RE A 5 48 0 D4 ) 05 55 =R
m%%%ﬁﬁﬁ%ﬂ%%mﬁﬁﬁ&ﬁ TR
LA, RE IR/ 32 2 i A I R 1 XU 3 -
i R R HERFR L

SEH .

(1] =%, KoL IF M L aa 78R (M. st s g i Rk 2013,
15-16.

[2] AP, X8 RIR G FOHUARE X I I 22 40 25 it sk 4 115
BERBESE[)]. ) A Bk ,2016,36(7) :1-6.
LI Guoqing,LIU Bin,CHEN Houhe. CBM calculation model for
power system with large-scale wind power[]J]. Electric Power
Automation Equipment,2016,36(7):1-6.

[3] PNGRET ok R HL I g XU HL AR 0 B Al ORI ()], L

YL H 1L ,2011,35(4) :70-76.
SUN Rongfu,ZHANG Tao,LIANG Ji. Evaluation and application
of wind power integration [J]. Automation of Electric Power
Systems,2011,35(4) :70-76.
(4] SEER L XUBERE A5 OUIs XL S8 2 00 D b s 5 v T 45 1 7
ZJ]. FEEHLT A2, 2012,32(19):16-23
LI Ran,TANG Fan,LIU Yingpei,et al. The new double-fed
wind farm reactive power compensation and voltage control
scheme[J]. Proceedings of the CSEE,2012,32(19):16-23.
(5] ¥R, AR BT 4. OB XU AL AR 22 e i 25 vl I A 2 92 Y
HIHESFERI[)]. I RS A Bk ,2014,38(9) : 15-19.
XU Xiaofei,MU Tao,JIA Lin,et al. Practical criteria of static
voltage stability in power systems with high wind penetration[] ].
Automation of Electric Power Systems,2014,38(9):15-19.
VET Y, B T b A SR IR R b 3G T = SO 4 TR 4
BriJ). RS ABME,2012,36(19) :42-46.
WANG Ningbo,MA Yanhong,DING Kun,et al. Analysis on root

—
=)}
—

reasons of WTGs nuisance tripping in Jiuquan wind power base
[J]. Automation of Electric Power Systems,2012,36(19):42-46.

(7] WA B A AR A RO XU L AL 2 3% UBE I = L B A £
[J1. ARG A BIME,2012,36(8) :11-17.

YE Xi,LU Zongxiang,QIAO Ying,et al. A primary analysis on
mechanism of large scale cascading trip-off of wind turbine
generators[J]. Automation of Electric Power Systems,2012,36(8):
11-17.
(8] Ml B W] JEr 3T, i — A% A, IR 37 A XL e AL 2L 3 A R L B
I R 2 BaE I 5E ()], W0 A 3h ki % ,2013,33(12):91-97.
XIANG Changming,FAN Lixin,JIANG Yiquan,et al. Analysis of
cascading trip-off mechanism and low voltage ride through
capability of wind farm[J]. Electric Power Automation Equipment,
2013,33(12):91-97
TRWEK SR DOR  PhER, 45, 2 N7 3 BB 190 ek
FE[J]. mIMEEAR 2014,38(6) :26-31.
XU Fengda,GUO Qinglai ,SUN Hongbin,et al. Analysis and

R B 5 07 F

—
\=]
—

simulation research on cascading trips of multiple wind farms
[J]. Power System Technology,2014,38(6):26-31.
(107 MWK, W WG, 55, T B sl 2 T8 T 4 25 o 17 DXL R Y 4
DX g L PR JBE R SR 20T 1) ], P ) R B4k, 2015,39(4) :19-25.
XIE Huan,WU Tao,ZHAO Yaqing,et al. Analysis on high-
voltage trip-off causation of dense wind power areas considering
impact of dynamic reactive power control [J]. Automation of
Electric Power Systems,2015,39(4):19-25.
[11] B XU W, &5, 25 i 1) B 31 194 XL ks 37 2l 26 6 D) b 42
BRI [)]. BT A S & 2015,35(8):118-123.
ZHAO Yaqing,LIU Qing,XIE Huan,et al. Research on control
strategy of dynamic reactive power compensator in wind farm
considering the source-grid coordination[J]. Electric Power Auto-
mation Equipment,2015,35(8):118-123.
Whoms , Feait, B3 45, R 37 3 i 25 O T b B 3 4 o 5 i
[J]. KA 2013,37(1):248-254.
CHEN Huifen,QIAO Ying,MIN Yong,et al. Study on coor-

dinated control strategy of dynamic and static reactive compen-

[12

[}

sation in wind farm[J]. Power System Technology,2013,37(1):
248-254.

[13] 4RI SRARAR XU | 45, R RHUASE JRUHE Y4 3t DXOXL i AL i v

JEMLHLEE ()], " EH T ,2013,46(5):28-33.
YANG Jingang, WU Linlin,LIU Hui,et al. High-voltage trip-off
mechanism of wind power generators in district grids with
large scale wind power integration[]J]. Electric Power,2013,46
(5):28-33.

[14] RAO P,CROW M L,YANG Z P. STATCOM control for power
system voltage control applications [J]. IEEE Transactions on
Power Delivery,2000,15(4):1311-1317.

[15] ENGELHARDT S,ERLICH I,FELTES C,et al. Reactive power
capability of wind turbines based on doubly fed induction
generators[J]. IEEE Transactions on Energy Conversion,2011,
26(1):364-372.

[16] fREr. BT d I
Al R, 2009.

(17] ABZRFE, o B4 E  4F. ST ah AT STATCOM FYJC 5y #h £
R[], BN ,2009,33(1):48-51.

DENG Jiaze, WANG Ben,HUANG Chongxin,et al. Reactive
power compensation control based on thyristor based STATCOM
[J]. Power System Technology,2009,33(1):48-51.

FHEAZ RS E (M. LAt AT



(60} R R E37%

(18] MRAD7 Vi , 5/, 22158 A2 B AL 3% G0 0 6 LU 52 el PR 3% 0 7
[J). HMEAR 2011,35(8) :64-68.
LIN Weifang, TANG Yong,GUO Xiaojiang. Analysis of in-
fluencing factors of short circuit ratio of multi-infeed AC/DC
power systems[J]. Power System Technology,2011,35(8):64-68.

W 7 % %48 Z 4 7 (E-mail :bleachwin2014@
163.com) ;

#1979 —), A @ HEA HA L
B WL AR TN REAEE S
( E-mail : xiaosan_616@aliyun.com) ;

* HF(1968— ),k EBHEA HEL

EERBA. I W R T @A s ARG E 5
JAdE(1990— ), LA EEAN AL E R F A A JB 4 dg ( E-mail : mrwutao0619@sina.com) ,

Analysis and simulation of wind farm dynamic behavior in
high-voltage trip-off accident of Zhangbei
ZHOU Hongting',XTE. Huan?, WU Tao’,SONG Wei',FAN Weijie’, LI Changyu®,XTA Xue®
(1. College of Electrical and Electronic Engineering, North China Electric Power University ,Baoding 071003, China;
2. Electric Power Research Institute,State Grid Jibei Electric Power Company Limited, Beijing 100045, China;
3. Beijing Electric Power Transmission and Transformation Company, Beijing 102401, China)

Abstract: Based on the var-voltage sensitivity analysis with the consideration of dynamic var control,the
dynamic behavior of wind farms in “5.14” high-voltage cascading trip-off accident of Zhangbei and its in-
fluencing factors are analyzed in detail for different control modes of in-farm var sources,such as the
constant var control of sending line, DFIG (Doubly-Fed Induction Generator) and SVG(Static Var Generator).
It is concluded that,the constant inductive var control of DFIG and SVG may also increase the var-voltage
sensitivity of wind farm bus,depending on the initial inductive var,capacitive var and short-circuit capacity
ratio of wind farms. According to “5.14” accident,the influence of capacitor disturbance on farm-side 35 kV
bus voltage of a simple system is simulated and analyzed by PSS/E for different control modes and initial
states of wind farms and the simulative results verify the rationality of the obtained conclusion.

Key words: wind farms; dynamic behavior; high-voltage trip-off; constant var control; var-voltage
sensitivity; stability; sensitivity analysis
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Cause of generator startup failure during black-start of national wind/
photovoltaic/energy-storage pilot station and its countermeasure
HU Yinghong'?,YU Zhisen'?,DENG Chun'?, WANG Jingsong'?,L.I Yu'?
(1. North China Electric Power Research Institute Co.,Ltd.,Beijing 100045, China;

2. Electric Power Research Institute of State Grid Jibei Electric Power Company,Beijing 100045, China)
Abstract: The grid-connection process of wind turbine during the black-start of a wind/photovoltaic/energy-
storage station is analyzed. The cause of energy-storage converter trip due to the wind turbine startup is
emphatically analyzed and the black-start process with wind turbine is simulated,which verifies that,the wind
turbine startup overcurrent due to the lack of proper soft-startup process results in the black-start failure. The
control strategy for the soft-startup of DC voltage is proposed for the black-start with wind turbine,which is
verified by simulation,showing that the startup overcurrent of wind turbine converter is effectively avoided.
Key words: black-start; permanent magnet direct-drive generator; wind/photovoltaic/energy-storage power

station; energy-storage converter; wind power; grid-connection; soft-startup



