@ hHLRER

60 2019 4F 5 A

Electric Power Engineering Technology

F38 % Hi3H)

DOI:10.12158/§.2096-3203.2019.03.009

I 44 2 D 6 35S e, 03 ok, ) 4 W B 5

Mk, FE, AR, e, o, E
(1. S A RREBREBE , L5 1001925
2. [ L H548 v S R b D BRI T35 s 211103)

W B EZHRRGR AR ER, AT o W e AnHe i 55 69 AR W AR 0 A A AR R Mg LA, 3K A5 B LA M
3 ) Fo W 3% 5 T o o Rt ) K R S A A i R T AR A RALF AR R IR AL, B, R E T —
b o 2h) B AR Sk M 2 18] 3 5 i o, R A9 4 R SR OuR- , R R 2k B AR Sk RS PR iR RN E M) 5B, SRARYE SRRk B B
h T g o At F ok B A KR FR A2 B 45 1 (VDCOL) 89 R w45 41, RS TR AR RARER T FF
B 69 3B ATAE R T, ARAE L 3% 70 IR A 4% B B AR ST 454 — 52 09 AL B IR, AN T B S R R 2 3% SR R M AL R 64 9]
M, P A RIEIE T R Rk 6 A Ak E R AR LA R BB SUA R A T TEM

SRHRERA] B AR K R BiAe s 4255 1k ; VDCOL ; 42 4] SR vk

thE 4y K5 TM743 X ERARARED : A

0 3§

T [ P A G A7 RO 20 S5 T S A R
AREBHBIX, BEVR T ) o A W AN K, B R E WL )
R I AN W73 I, BE R 5 5 SR 20 A I P JE H 4 R
H DRI, O i P i AR P DR o B i s o
SR R R 3 o SR, B A
HOBORBR, — H& A B MR, A 5 5 R AR TS
LA HI A [F] I 2 A AR 2R W, 5 U It
IF] Py i T S BT DA B RS L B R
VU IS L PO A DAy 555 , OB RE TS A MR AR, AL
U7 2 (532K s L, O R I [ PAY A A e v s A B 2K KL
LA o L 20 Y FREL, S BOXUHL 25 B RE T3 75
B

FIA, © 44 — L8 SR A 2 O 1) [ ARG X
AL R RSN JE DT TR R ARS8 A . SCHIKLS |
AT AT LA T A A T 0 R 2 5 R v R K 2 g
oI5 A, DU T AR e BRI B AT 2 W 7 |
FEL DAL T 45 S S B, DTG 920 1 480 A 2% WO 1] 9
514 52 v v R S B JC Eh B 3o Sk [ 6—71 3 5
BIFFE 17 A 88 T A0 A0 2 0 R JBUAN [ 42 il 75 5T X
BARRIM R o SCHRL 8 |25 1 HAR 5% I iy 410 il
FENE LA S AR R S 4 AR GRS s o SCRRL 9 ] 45
AP B LA TEAL R B AT R p R
TR R GU O B R, IR M T LR K AR
FASR G B Dy 3P A et A rp i) 5 BB o AR 3l X

JAS B #1:2019-01-21 ;45 w1 B #:2019-02-18
AR R B R WA R 8] SR AEOR B A & R AR
BRI BRI MK BB LR R BRI S 2 A7

X E RS :2096-3203(2019) 03-0060-07

AL SCRREEAT 20 M, KRS0 18 SO ik 5 19 2 FL IR &R
FACRRSIBAT T I T AL TGy D 3 42 1 SR ., ke
AR A R PR 3 S L R ) 20 A FRI,
TOSCHIRET Xk a0 e e AP i b, 0 i £ R TS 90 5l A
E I SRS DA , SR B X i — R IR
AIFFE , AT IHE G 45 A 2R IS 1] IRUAIL 25 5 e I 14
KA.

T ST U L R R A A SR S T RE
G A i S AR G FL T 1 T AL, o AR 2 T )
SR s LU R U IR R LA ik A A
7 TR AT o SR, 5 Tl R MR s B 5
SEHL A G ICI T -7 10 B T — g
PTG AT SR G S A P s o A, LA 300 ) 5 3 52 1ok
U IR dJi, PP 55 92 P B O L T — 2K
07 FAR T B0 T 2 F i SR A A ke

1 BB MEEERREFIEST

252 Vi 52 A G A S BRI i A 4 A 2R T
J& , BV R AR GE R LR R R — S R
B EIRRAG R BT AR S IBCRT AR
Fr 9 2 A B S — B BON B RGN A A 33
AR ] — A A1 ) 5 308 T2 B 8 , LA L
W ARG, LU R T g, 0T 4% o AR 8 2 3 R
Fi1 ARG AR B0 L IAL , LI AR ST FE Y G 2 2 AR A
R 63 AL I HL  FARR 5 245 — e BERI B BR U, LI
DIRAEMA S R BRI IR R . B, B
ol RS TR I A4 e R T D S R {328 9 5 U
RAEMB—E R o TR AL, BT



UK 25 < $90 A 45 2 DS 16 i L 4 e b 4 i SRE M F 5 61

R G IR A RO, 2 R ) 0 ) S SN 126 i L S Y
SR/ X T 55 5 R GE T 5, i T 0 B A A
ZIN LA A AR AR O W I 226 i L e 2 e PR R I 18
o WR ARG P AFAE XL R S5 BT RE IR B 47, 2C
Vi aed i HeoRE S BIORR  AS B 4 ve L o e R
F 27 R T3 AN A9 KU LA I, X v, 1) 22 4 g g
J 2T p A AT RT L AR AR SR
R RN SR L s 22 g T — A SE R R ETRRY S
e, 6 B TE AR T RE X I P IR LA 1Y IE s AT
R
DYENIESUNERIR S CER NP = DoR 2 g
AR A R WO AR S ek A P AR 4 0 B e, REAE
F R S T[] 248 - 5 L P I 1 LA R T 2 A 0 e
DAL L R, R A 390 7 A f5 R 2 DA T o8 3 o
Bt e — 2 B To D7 3K, AR T B AL o 52 U i
e S B JC T E AR figp R S P P g P TR

2 DR ok M b T R TR ) SR g

21 RS
BRI L VAL A% 48 TH #6 1Y JC ) B 384, 45 52 Vit U
Wedn & MR TCI D UL S 5 38 i R Ge 384 (380 &
S A B RGN IE) B TCH P, B
Quc =0 + Oy (1)
A Qp AT UGB AR S HE R TN 25 Q. AL
TS HIR RGN T N3 Q. NWHI RGN
FEMTCII T %, B R G JC T V) R 45 ] D e LA
AbTF I PR A, RER Q. FEAE— DB/ NS
DX B LA P 2 DR S 3 0 e AR A A T Ty 2 2%
ST B RS IH AR T Th 2, AR 4 SOk
(24050, Hii RGIHEAE T R 5 G IR Z
[ ) RN -
Q,. = Ptang (2)
(w/180)u — sinucos(2a + ) (3)

tang =
¢ sinusin (20 + )

U, =1/2 Uy, [cosa + cos(a +pu) ] (4)

P =U, (5)

Kr: U, A as AR A 3B T 5 @ AR AF

MR P BN 1, W E BT

o A REGAN Mok K2 AR 5 e ARAR A5 Uy RSO0 ELOR

ERAE

A (3)—G) AR (2), &k Fi b RE

THEE, AT DAHE S 1 i s v RS IH AR TC T 5 B

YL Z ) PR 56 2R, DT A 3] 450 AH 25 D39 1] v, 3 i 21
AR/, A0

~ 4Q,.[cosa — cos(a +pu) |
UL [2(m/180) ) + sin2a — sin2(a +u) ]
(6)

7 (6) BEME AR 52 It Uk bl 45 7 A Y TCZh D 32 LA
F R 3 1) H A AR O A2 7 S H 5 B L R 4
R R DA 2 (L, XM BB 808 die IO b i 2 46 R 2R T
T JG B R GEIEFETC T T 38 (A2 Ak, 300 462 4R 2% K
5 | AR 8 i 52 U R PR R B o
22 EFIRERIRE

TR i T B U P R A 4R O TS B
A Ui AU FL L T AT, 2 b T — 400 el 45 A 2 D
S0 1) 26 3 2ok Pl PSS RO, SRR AN P 1 i, LA
LU

(1) HGrI 38 28 458 4 A 4 R 2 O, 78 390 722 ] R
HAAZZEXS, IFRIE(6) , RITE PR IS R S B
5 L ZR e S T T N 3B A Y I U T
JE LR LA /), ] o 30 A8 MR s R 9 42 il A
£ ( voltage dependent current order limitation, VDC-
OL) 2%k,

(2) FE s s X ol K b A R W5 5 )5
R A S BRAELZE 95°, FRH IR (1) 14 iyt DU o e e
flf VDCOL 244,

(3) RG] 3] 306 72 ) 5 i v, T K 52 T I, 8
B AN 55 T, ST R it O ik &2 71 FRAEL, P52 VD-
COL 5l S5k E .

BRI 530 X AT 2R T 60 ms, H AN &
TR R MO B A FRAEL, DA T R 1E Bk RE A 44 42 1
SR AIAE T, SO 255 AR I O s B & AR b 5

A g 1Y e A= R TERR B 1T LR
ARSI ZR G W o R, AN T A A v
A ) R DT 325 1) 136 % i L, IO P 1 Y

3 {FEWIE

3.1 REER

FET L 3 H AT R W S A A o SR, R
PSCAD/EMTDC R {F5E 145 S Pn TREAE il R4 R
GE56 4 — EAHE PG ALk H 4 g T AL (7 OB TR, 52
L FEL O SR T b, P D S5 A0, L i P, ) R B L AR 0 5
Pref MIREAT BEE, 7 H A K 50 s BRI D)%
Sk 8 000 MW, B i it T 800 kV #5575 rh-ff i A8 R 4% |
ST WA E IR MDA SR I — B B
AR T DX R A AR S IR e (A BRI 80 ms ) 3
U KA B AR SR I, F 2R BT 48 H 3 400 il
06 Mg 1o FEL s A ) SR A 6 SR W 14 A A K I
Yo iid PSCAD/EMTDC #5 5 1) oL i 87 25 7 LA




62 2 HEHEAR

HRARGANK
A AR R 2

WA MHEEN SHIEXT, A VDCOL
P R R A, | R RS

y
S b A A BR g 9950,
& SRR N VDCOL H (¥ H AL TR i

SHEATFEN
I 18] >60 ms

0.8 p.u.lL F(T>10ms)?

s EXTHE 4, KA
VDCOLH [ H it Fi5 &8

{
I BTN fi A A BRAEL, K
PIIIVDCOL A1 Fy it 45 A {8

Y

B 1 iE)Eimid B E AR I R R IR 2
Fig.1 Flow chart of the control strategy for suppress-
ing over-voltage at the transmitting end
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Table 1 Steady-state operating conditions of
low-end converter of pole 1
P e A
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IR T2/ MW 2 000 2014 1 670 1 659
o ffi/(°) 15.7 15.4
v/ (°) 18 16.9
Vi S EIbA 23 25 12 10
S E TR 4 4 3 3
AU/ KV 778.6 777.2 510.1 509.0
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Fig.2 Waveforms during commutation failure
without the control strategy ( Kscg =2.5)
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Fig.3 Waveforms during commutation failure
using the control strategy ( Kqcr =2.5)
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Fig.4 Waveform with and without the control
strategy ( Kgcg =2.5)

KEWSPRIEEE S HIVEE RSN R e S
AJC DR B 8 A S ) DL B S i B 4 e
XEECE o M 4wl DUFE H s A A i St 8 5 e
FHER IR B R GIH AR G S R
LS8 AR GE AR D) AR A AESE X TR N o R SR H
8 L e S N R 9 ' L SN
HRSC TR TGS, B S 1] L IR e R Y
AR, T B L A 326 S HL s T e T R BBCR
SR i U] R % 42 ) 7 i B B 18] B AR 48 A 5 58
UL V- 0 D) Dy 3R TG, AT JBE B 18] 52 HE
RITEATC o H o B 0 52 9 BE L R O 52 P
(EIEATHE A, 5 B0 J A1 5 B Ag , Hoxmt
] B A ik K AR, PRI 2,05~ 215 s Z ) LR AR 48
THAETCIATIR T3 T g e 7= HE Y JC Eh By % o 22
MARGEH W —E M TC T T3 Ik v OB
H i e 01 18] A 2 2 3R bl 2 7 R BB 42 il 48 ek iy
JaZERANK S A B 2 A2 ) SR S A X4 AH 2% T [l
LRI i 1 B 5 R R o S B 2 T A K
TELAR X L AT LA 247 ) SR RE 408 AR e 1 41 o FL
Heipe sl , B 1k s R U s i 42

(2) Kgep =460 2 T AT HUAS [F] 560 55 P 2 S I 2R
GEAE KA HAR SR G F9 w157 175 O, 7 B 5 7 K i
HLIUON SRS ARGE T ( Koep =4.6) , 3230 3L FL I 2
s JCPE ORISR B R M, HLARSR BB P ) SR
T AR GE R A BUCHAT I B 15§ O, 115 BB
E2I N Py R EP R R S R S AN )
Sl AR A e 1 DA AR i B AR S F
HA A AR AL B0, A& S B o

2 51&S Xt Ha AT LA i, 18 AR R % il



64 2 HEHEAR

4000 s

|
E oo WF

4%&1@1@%

_‘\/“-“\

>
800t
I 4%‘%(13\““‘“”’““

0 1 1 1 1
1.90 2.00 2.10 2.20 2.30 2.40
t/s

B 5 SRENIZE i 3R S B A E 5k KUHA 1]
W (Ksor=4.6)

Fig.5 Waveforms during commutation failure
without the control strategy ( Kscg =4.6)
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Fig.6 Waveforms during commutation failure
using the control strategy ( Kgcr =4.6)
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The control strategy for suppressing overvoltage of

sending grid during commutation failure
LIU Lin', LEI Xiao', KONG Xiangping”, LIN Shaobo', SUN Xu', XIE Guoping', ZHOU Yifu'
(1. China Electrical Power Research Institute, Beijing 100192, China;
2. State Grid Jiangsu Electric Power Co., Lid. Research Institute,Nanjing 211103, China)

Abstract: When the AC system of the receiving end fails, the DC transmission system based on the grid commutator has a
problem of commutation failure, which will cause the DC transmission power to be interrupted. The excess reactive power at the
sending end will cause the AC system to overvoltage. In turn, it is possible to cause new energy equipment such as wind
turbines to be disconnected from the network. Therefore, a control strategy is proposed to suppress over-voltage at the
transmitting end during commutation failure. The specific strategy is to quickly input bypass switch of the inverter side when the
commutation failure occurs and calculate the DC current command value during the fault according to the reactive power
consumption before the fault. The strategy can maintain a certain DC current in the mode of the active power interruption,
thereby ensuring the converter valve can normally commutate and have a certain reactive power consumption to avoid the
overvoltage problem of AC grid. The simulation results verify the effectiveness of the control strategy which can be applied to
both strong and weak AC systems with different short-circuit ratios.

Keywords : commutation failure jreactive power loss ;short circuit ratio; VDCOL; control strategy
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