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LA SCERL 1—S ] M 3 A T 2, D [ 8 - 97 KA
2 I S0 2% (low frequency demand disconnec-
tion, LFDD) fir 8, 8 A R AL 2L 242 1 878 MW,
LEDD FfERF & HRTBE , & MR shifE T, kA
TR YR, A R R R T S ] H Y A
LA, HEAFHGE T KA BB A Al
P R TS R R AR TR JR LR BRI ], L3 L K R
AP BT R E R SR . BRI E ),
SRR 100 250 K 40 T 3 B R A2 Tk
ERRE 3, T LN LRI E B, i 80T 3
WO RN TR RE S o S50 X S8 2 52 I A LY | 2
SEHRTE LEDD Bl UTER /Y 67 £ 0 L DY, 45 L A5
LRREREIOR, Fi)E, % E ESO T 458 il
X ARCATI 2 A OC U B AT IR 2%, P Je il R AL L K
Al S5 T A AT Y T HL PR B

WEBEAFA S RE, &R YIRS,
oA ZCREVR A AH 2 i £% DR 37 s AR 452K 150 MW ;3 22
Je G B XUHL T I P PR 7 9 5 20 B (Hornsea )
KGR 737 MW 5 32235 /N B 45 7 ( Little Barford )
HLJ T UIHL 244 MW, 51 AR A PR Bk v , S BUOR 4y
A X H P R 3 A A A AR AP S AR T 45 2% 350 MW
BE/NERER T e E#K 210 MW, 187 MW,
HAMER SR AT 1 878 MW, Horh (iU L
LT F/NEAR TR R ST R TR 1387 MW, H
PRIPRARANE 1 FR
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Fig.1 Time sequence of UK power loss of blackout

P 1Al SRR AR 2 3 AT THT B R
L4515k 737 MW /D ELAE B L) 2k 641 MW Al
or A CREI R 500 MW ik Zh i fe K
(e XU T, X R A R A R A — E PR JEE A ok
SETER I . /NEARER ] AP A 3 IR
W5 TR B w2 b1 T ST1C JLAH =H15 5
A —E 12K 244 MW 25 2 e T GT1A LA
FE S5 Kk, 452 210 MW, i st s e 99 1 3 50
JE B IHEAT AR, IR IEAEZ 2 0 T,
NS AVCRESIPRCE WS IEY BN /-4 PN
5|8 T LFDD ghfE; 2 3 YO LFDD Sk, 1E
RGBE KA F) 50 Hz )i e b, /D AR 78 CT1B
HILZH P s 7 KA i i) 5 e e N T UIBIL, 45355 T R
187 MW, ;X — R4 R BB AR L )5

2 ERKBI #RHIH

EEAPEBI A Ok, 2 XU T A Sl 8 45t 2k
Xof B A5 HL B B2 W) e K, T HL 58 4 S T 0RE, SO
B U T R 3 ) LA T 0 o
21 RGEHTE

FE R B R O 1.2 GW L 174
& 7 MW i XHLAH Y, 43 5 Hornsea 1A .Hornsea 1B |
Hornsea 1C 3 #57, B &0 7 400 MW HLAS ) i 13
& I A A 7 ik U O AME i A
it o A LS, R R4S F R AR I, AU T S B
71799 MW

I T W B DR R T o S SO I AT e b i e,
7 AR IR ] SR [ 1—3 ] R B 45 (B DA PR 4
EMICRE, 16:52:33.490 KA HFE, 74 ms 5
(16:52:33.564 ) HBE VIR, FE VIR J5 19 271 ms
(16:52:33.835) , BB XH) H S M 799 MW R %
#l] 62 MW , Hornsea 1B F1 Hornsea 1C 1 S ¥4[%4 0,
X Hornsea 1A /{45 7 62 MW, & 2 firR . [A]
A XUHL T RUAIL 2R G2 1% H Hs o DA 34 kV k7% 31 20 KV,

FIENXAL 690 V R GLid s i iR 301, T EANLR

MU, gl 3 froi
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Fig.2 Connection point voltage, active power and
reactive power of Hornsea wind power grid
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Fig.3 The profile of Hornsea1B wind turbine voltage,
active power and reactive power
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D2 105 ms, I35 45 %24 10 Hz,

22 IRHEHSH
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RS, T YR & A I T T A R
A Bl (RSl A 400 kV Bk 2] 370 &V, 3 3 g
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PR E, g T LA Bk . AR IR
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G R AR UL
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g3, IETE BT RE R Sk N R 35 kV, 330 kV, 750 kV
55 A RGO W B, 4538 300 £ km
HMRE R R H B % 0 3 15 660 MW & FELHIL PR il 3
AL 3 3l 7 Bk Tl % > 7 b I 000 B AIG 2
49.91 Hz, " H M R G % 4st7 "

Bt XUFE, D' AR 55 8 e U 1) R A 42 AL, HL I
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HL I ()3 AT 28 4, ™ F i 29 KUR G AR 4 AT AR
R A A SO AN, iR 75 6 3% 28 AR v 1R 1 7 Wl 5
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ERREIBET,
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BELARF 1 2272 Jit s 100 A A 1) B 5 | 728 Uk e 4
Z: 5 P E /6 15 Ik, LA K i Lk ) 20 b B2 4
(static synchronous compensator, STATCOM ) %t T H
He Y5 AR 5 2 19 75 B A S H ( voltage source con-
verter-high voltage direct current transmission, VSC-
HVDC) 5 585 5 i Ho I B AH B, 23 B0 0038 AL
W% 20T 2% A _E R SERdR  . BTER T
B T DR R AR 53R A S () A H ) L A Ay
Tl T 358 7 ARIRR 3 55 ) 2 Ah, 38 77 A T
HAE (5~300 Hz) B35 ARG E B )20, o ) 4 932 M
AR A o p A R S

PRI ERL P ) S B LR T, 3k 5 A2 7E K
I DGR S5 R FEAE BB IR 45 A58 L IR = A X T
[)ASNE R B O N T IR RS a B 7 N E I 2/
HRFAE o G728 s e 25 5 5 | A6 1)l 26 9 9 -5 S8CH U
TR, 2 I = e S = W LR NN TR 5 A
2014 4 8 e XL 3% & 2E 250 ~ 350 Hz §k
332017 4, & VY R PR R & 4 1 200 Hz 3% 9 4k
W' 52019 44, i S8 ELVR BT 4 2 1 800 Ha
TR 7, 3 A A H I ) R 5 8 2 ] B A Bt
R

B BT RE IR RS e A R e s L i PR TR
MRS , W 4548 SRk H 45 B 2%, A 1
0B i tofe = A A 5 ORI I S A A E A7 PRIHE
— ZR A fri F LA o ) 2 A R e AR I S S
PERILT 24,36 WA B OE IR . TR
SN I D RE A R 2K 3 1 U IR R 39 X LA E 57
Pk, W IC i B IR 5 i TR, 20 T 1Y 22 2 B E i
iR TR
3.3 RFGHESRNEERX

DR, H B A L R Y A S B
ROREIE K A 1 e, F 2 A0 5 A ) H AR
fE o X HL g HL A v D 1 R P F 5 At 1 AR
AN, BTS2 B B DL B = O B S, B =
WEPERI R M o o T e e AR R 2 LA AR
FMRAE IR AR, (A H T L R ) S
FEH R A, BA Z A RERHE, MR T #R&G 0 &
OIHTHIMERE

T3HN, L 7 B AR T 24k G YA Lk
ZAMT B, T B B T R/ R R 0
R T A B, JEHE R i TR A S,
HL g HL A 2 ] H T H - e 5 v R 2 R R A
TE IR B AT RE , AR SE L 1 477 073 B M LA 7
RISEPR TR i i LA 4R 7 0], R & 5
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Ja BT EL AT AT AR AU — 0 70 43 S, (B AR TE X
VAMER (15 FOF BN T — IR 5 m] RE & A 1 3t i, 18
B D H AT AL T BB R ES

I AE RS TR RI 3153 i dE LUA Rcds 5
TR 2 2is AT I OL T, A T Bk
B FEL IO IR 7 114 W0 A0 o) RS, AR R g A
FAR T AERIIRG , BAS T Z A Y] .
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4.1 WAMS 74 BB AR 2

J 10 5 & 48 (wide area measurement system,
WAMS) HA AR 7 s I RE , X AR IR 3 A
BRI RCR , SCERL 16—21 ] BT WAMS TR T
K/ R [R)APR T3 70 48 s I 5 vE i WE 9, ik 1 o4
AR ERRAT P 1 5 A ) I8 R 4 o O L A
A% WAMS TFHERR S B H 9 Y/ 68 (] 25 41k 7 114
I AEAE S BRI A AE LA [

(1) ¥R Jo ik SE ik s, AH & I 6 B o
( phasor measurement unit, PMU) A~ LA FE 84z % 19
S IO RE , B A AR 3 e D ER AR T WAMS 2
sl AT ol TR G AR, 4R G 1R 2L R I
(AR A, P TE 0 AT PR 3 e AR A Ry
S, R AR XA IR 3 B B Ik v A A
i AT 58 A AL S B b T A oK Bl L IR
AR 1] 2 45 e, i 3 J) 391388 26 78 S, B SR ATH AR
M 3 3 BT, AN ANOHE ARG R iR 35 S s T A
KT EASME I T b LAk

(2) P37 Wiy 32 fR . [ N o WAMS H Hif
Ry A ) D7 ] AV A0 AR AT A3 4 3 s {EL i
B RIBER AR IE M, DL R e e i i P AR
R, I/ R PR H 46 40 %6, PMU [R5k
100 Mi/s 1Y 1% i d 52, WAMS 53 H A4 A 50 Hz
AN IR AR , Joidi 5580 50~ 100 Hz (1) [F) 2P 4k
#3.100~300 Hz 1) FEATIR 7 )5 22 8 U B R 37 110 52
A ST

(3) BRZ 4R i o 10 SE I ST e, PMU 3¢
EAREAT it S AN 1 B, TGk Sk PR 7 i IS Y v
B SR

TR 1R 1 I T] 25 A7 AN [R] 726 [ vk
ARG F L, T HARRSEN ) 4 (100 ms) |, Fk
Vi S I T gl R4S Y 45 Rk O & AR Sk, Xk
BORYR G B SEI W 2B SE SRR, B TC %
P & AT L R s AT RSB . BB B [ A A
XU/ R 20 4R 5 3 e 2 TR AT, S S
BHf T LA S 0 2 23 Ay D BB I R B i & 45 A H

BF 4 TSR A SRAE B , R = o B 4 B8 =
P S5 L A A R PR IART, S A S
XA E PR S

254 FIRSrHr AT AL BT WAMS R 48 o J5
P A T2, AN RE oz XoF IR (] 25 I 9 1 Bl 1) W, I
PR A T L L A H R S AR 2 S I 1)
Ko MILIBYIFE EERE B8 I T B, AR
A b Wk R 7 H A R R T AR 3 1 W 2K o
4.2 FEIMMEFAR

Sk o % HEL D H 7 R A BRI, SRR [ 7 ] 46 S T
[ra] L 7 F - P X %) B A 1 A, I B o %) 5 A
N2 TR T P I e R A (12.8 kHz) , S H 1)
S TV ORI 1) S B0, SR ARG A L R/
R[] 25 | e YIRS T 5 S LR ¥ , S I 45 0 18 Bl o
W, R ) S W 4 ) S =S o B R R OR B
T AT e AR B KSR I T RE, AT T s AUR A
(11 12.8 kHz 5% 6.4 kHz ) #4772 h #4 % 4% K 5
U, SRR SR I 0 A R B L A RO R
HAF BT SR AN 3T, Ay H PR 5 118 S s A A A
IR

T AT 2 AL B4R PMU 3 B R AR Y
B (R, R A 1] B AR [R], BRI ] DA B PMU 2
P T IR, A R A AT 3 5 000 47 2 T A R A £ )
fE , [A]If ik B A GE A5 4I% 7 10 S o 1 0 55 45 T RE
) T D8 0 TR Dk R 1) S s W ) ) e L i U0 ) g
S XA TIA WAMS RGEA T AR AS,

WA, 75 18 3] T A B BSCHE 1Y R i 4 T, STk
(7 TR 2E 1T S AR i E5 i il S A it 5 B
B R Ry T A5 2 5000 A BB TT ) |, S B0 A )
B st g T 48 BN S BT, A0S S 4 B R IR
R R AELAT L Ll s b 3L 5 M 48 SR A% i 28 00 B 32
i FERRTA S 0l 05 B A% 7 (R B, S 32l A %K
P55 ) AN 0, 5 Ak T2 3l A B TR B B, AN B
I E FCHE 1 W | 3 AT RN A e R T AR e
WLAFB 2T HL 7 4 50 Do 45 i Al b A R 4 Ll b A b
P A L o

YR A I e AL AH DG ke B E A 2 KU
AR I RS w5 0 T, FE 4 Bk T BRI AT A7
PR o X8 T A [) T TRt AR R 1 i PR DA K A 5 [
RO, A )2 TR AR S 25 S S, R R
Feos th 24 M3 R AR, A L AR 35 114 S
WP HE T B R TR
43 IRXERIBEBAR

BEXTR G 1) S B 0, BR T AR S BR A OG, X
DL 4 a4 ) N DA R A T R R LA PMU 258
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BARE BB BE o P RN . B STET X AR A
R TEAN I B R GLas AT R B0 T, 2 BOCHR
(7], 38 b A S0 S A N e K ol A7k -5 0 W 2
B SC B R B ST I R )k, AT
AP FE TS SOOI B, R AR PMU B I RE
XFFAR L, N TH PMU 355, 76354 THG s ) mf
AR A R O AN i, A S B A B
[Fil A, SHe L TR] T 904 945 D62 11 00 45 A1 41 ¥ 52 s B0 e
HEIRE.

LB BLEE X 4R 7 04 52 B e ml LR e
W R A TER B . E O SRR IRk, R
OB AU K T Y I A i AT AR 8 5
PN 2, SR 7 14 S I I 5 A, R TR K
FEA S, KL BRI WA 72 F v 18] B T LA
o7 RSB TE NI R, S IR P 04 S
A 5| A8 H il A AE PR S DR R T L 7 Y T B
AT 2 8 T S G AN 2 R 5 35 IR g I 1Y
fHIE 8

BR T IR M DN R A8 28 A1 i i B DR R ) J5
J2 W25 AR v 2B TR B A% 4 aod R v S DAL ke
i ) A SR 8 I E e IR LR Y
SR I M DN, L A N e 0 A A
HRE I ANRE I T 0 L, T8 MUE O S0 B Y X, 5
B 2] 1T ) 000 28, A 0 X A 2 i
A R 1 1 28 G R] SE e d E R S, y
Y X Sl A= e e M fe A ) S04

5 HhiE

PE[E 8+ 97 AL S g LU BT AE R A 0 A A
R A5 L R — > SR S 451, e R KU T R AR
YR Lo I i S BT R, S T AR R BR E TR
KRB ASRBE T 15 S Z 7 A folT v 19 4k 7 S 1ok
A SR AL FB Y] o

W ] 1 S Dl I P P S, 9 A D5 A T
FL P AR R AR 1, R I DA g EE 310 v g v 1 3
FARN B M T i AL, FRE AP K R B L
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Reflection and analysis for oscillation of the blackout

event of 9 August 2019 in UK
FAN Chen', YAO Jianguo', ZHANG Qibin®, XU Chunlei’, REN Hui', DOU Renhui'
(1. China Electric Power Research Institute , Nanjing 210003, China;
2. State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 210024, China)
Abstract:On 9 August 2019, a major power blackout occurred in the great Britain power grid, causing power outage in some
cities including London,and affected about 1 million people. It is necessary to find the reason to provide reference for the gird
operation of China. The accident is summarized and the oscillation in the wind farm is discussed in detail. The reflection and
analysis about the oscillation is presented considering the serial oscillation event,including typical characteristic and remaining
problems. The new characteristic of oscillation about power grid which connected a large scale renewable plants is described, the
shortcoming of wide area measurement system( WAMS) is demonstrated ,and a new method of real-time monitoring of oscillation
based on wide-frequency measurement is presented. The scheme about implement provides new method for operation and
supervisory of power electronics dominated power system and improves the security and stability of future grid.
Keywords : blackout ; oscillation of power grid; real-time supervisor; power electronics dominated power system; wide-frequen-

cy measurement
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Bipolar short-circuit fault ride-through method of DC transformer
ZHANG Zhongfeng, XIE Yeyuan, YANG Chen, GE Jian, QI Qi, TIAN Jie
(NR Electric Co.,Ltd.,Nanjing 211102, China)
Abstract ;: When the DC transformer based on the traditional input series output parallel (ISOP) topology has a bipolar short-
circuit fault,the module capacitors discharge quickly if no fault current limiting measures are taken. After the fault is cleared, it
must be recovered by complicated timing such as slow start charging failed to fault ride-through. A method based on improved
ISOP topology , using fault current blocking and current limiting control to realize system bipolar short-circuit fault ride-through
is proposed. Firstly, the three stages and the mathematical models of the DC-voltage electronic transformer based on the
improved ISOP topology are analyzed. Then, the low-voltage side fault ride-through method based on fault current limiting
principle and the design principle of fault ride-through time are analyzed. Finally,the RTDS is built on the hardware-in-the-loop
simulation platform. The results demonstrate the feasibility and effectiveness of the proposed fault traversal method.
Keywords:DC transformer; input series output parallel ( ISOP ) ; bipolar short-circuit fault; fault ride-through; current limit

control
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