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Control strategy of a hybrid UHVDC transmission system cascaded by LCC and VSC

PENG Zhong', SUN Panlei', HAN Wei?, LI Tai', ZHAO Jing'
(1. XJ Electric Co., Ltd., Xuchang 461000, China; 2. State Grid Henan Electric Power Company
Research Institute, Zhengzhou 450052, China)

Abstract: A hybrid UHVDC transmission system cascaded by a Line Commutated Converter (LCC) and Voltage Source
Converters (VSC) at the receiving station can prevent power interruption caused by commutation failure of the LCC at
receiving station. The connection control modes become more flexible and diversified. Current which depends on a low
voltage control strategy based on the DC and AC voltages of the receiving terminal and an LCC for the limiting voltage
control strategy are proposed for AC fault crossing at the receiving station. To obtain stable operation of multi-converters,
a power coordination control strategy of multi-converters and a VSC online inputting/quitting strategy are proposed. A
crossing strategy based on DC voltage deviation control is proposed for DC line fault crossing. A simulation model is
constructed for the hybrid UHVDC system cascaded by LCC and VSC using an electromagnetic transient program
(PSCAD/EMTDC). The simulation results show the validity of proposed control strategies.

This work is supported by the Science and Technology Project of the Headquarters of State Grid Corporation of
China “Research on DC Line Fault Protection and Self-adaptive Coincidence Method for Hybrid Multi-terminal HVDC
Transmission System” (No. 52170218000M).

Key words: hybrid UHVDC transmission; AC fault crossing; power coordinated control; converter inputting/ quitting;

DC line fault crossing

0 35l5

FE DX $8 A 4 2% (Line Commutated Converter,
LCO)RAMULAE 1R HE ARG AR 5
Sl i, I N T v R R v R LU A R
gr, (EFRIE PR RIS . R BIPE TRE b A HE A

EETIH: BRORARNEEHALAD “REZHARA
L R ERY 5 A R EAFEAR” (52170218000M)

TE . fH LCC A7AE N B2 T - AR ST i AR 4t
PR, LCC H it R A Y, Lee
B D3RI T, AR SRR E T
WA, FENFRIE A AN - X i s/ v R L
WTRBHIE 2, REZBINME LB, B
FHRIGOA S K, X6 AR GRS RE 84T T UK R Pk ik o

N LA AR AT S SR AR (VSC)
1, BATHANRIN . A7 DI ANIC D A%
Wil BN AT IR RGE SIE 2 i RS



EA Pax
W8, &

5 LCC 5 VSC ZIBKIKI ey s v £ LU i O A S92 SR - 163 -

AR A B (S B L P A R TS SR
BLRESE, TIANN T R B AR M 5 2k ) L
T i RFEAGASK A BA FEBREE )
Vs D B R s, SR AR
LTI Y LN

IRAEF R LCC 5 VSC [k s>,
D B R SR BB TR R T S . SCR[18]42
T RN LCC, 3k LCC 5 VSC 201K
By R A HIRA e 4h . 7 IR ibE ey, %2
o LCC R BT VSC ()52 FLt, Atk VSC ml ik
FHER S A FIAFEATRL /N (1) 2 M AR A
Z P A (MMO)Hh $h o E 200 A2 U 7 6 W e
i, LCC nIReRAHAH KN, H VSC {58RnT Li
KR, NEFEARSETRPW, FI VSC L)
CHEEE R TFHE] LCC A RM, 25 L #T, LCC
5 VSC Bt s R G Hm AR s
498 FH I 5

LCC 5 VSC B RA Hits i R4 2
ANFERA P A LA Ty R, e B i 428 1 2 A e
WesREElT, AN &M o —A
PRk . MMC 148 Sl AU R 4 (IGBT) i Uit g
TIPSR JE T RUR ORISR &
SN S INE MRS au e S5 LT S N =T a
BR[19T3R HH T — PR & 2 it ELUR IO AR ZR M T 4 061
Hehg, HTRG 2 ERNET L, ek
5 S B ) e K A AR AR N . SCHR[20142 H T
— o adE FH b XU T I RV B 22 i EL IR R T A
PRI, SCHERA I UFIS AT 7 2 3 I 1% SR s (1) A
Btk. SCHRR21EH T MR G 2 HIA AN 2
s B e/ BOB R . SCER[22)82H T
— AR MR TR A P 1 2 B s S SR . S
HR[23]0F LA T 52 v FEL R 5 02 o o PR RVRR 75
LA FRACIE R AT N, . SCHR[2410T5T T LCC
55 VSC IRA G L U A v M s i 5% 100 I B
(BPS) & I (1) 8 245 rL A il B AR o I SCHR XS T
LCC 5 VSC ZIITR A B R AN 2 i s
DR YRR A 520 A8 I 2 4 e 2 fe Mk 2
FER B I e 2 SRS e = IR A

ASCHET 323 LCC 5 VSC R i VR &
HH RS, JEH T 2 Wi g DA PR 45 S
VSC BOEFE I RIS o A R GRS 0, $E
T T EI 5 A2 A U R AR s PR g 47 1 5
WA LCC PR M ST E i Skms, JR4e i TR Hii
S i 2 42 ) P L 2 B o T SR o R T LR
P A (PSCAD/EMTDOC) 5 FHARE AL, BGUE T 48 1l Sk s
(A 50k

1 BEAR

i LCC 5 VSC G 14 iy e VR B B A
RGN ARNAR PN SR 1 o . 5 LCC, 5%
Sty i 414 LCC, R HZH 0y = AN FFEC) VSC. A
JE R AR K75 3K, VSC % MR8 MMC $h4h
ity 400 KV RELE 5 R PR 2R 2 )L E K RE S RERE
B, BiIER2ACI ARG O R A 2R
o R PB. VSC I E L IALE = d H T O (HSS)
A KRS T B rh P BEL TF R (NBS) o W12 52 i
LCC KAHAN I, VSC ¥4 400 kV HJE, K
BT SR A S A T o T R IR s
23 LCC REE BH W VSC W 1 FH i H L, PRt VSC
T Bk . SR VSC ARERE 24T, {H LCC
R RE S, TILAE R B Ak PR, %R
2] LARE s AT

56 6 &

B 1 RGhiME
Fig. 1 System topology

2 ThIEEHI SRR

SCHR[23FT R X Tk LCC, SZ2%ih
VSC IRA B 280, RS0 EIH RS HIAUA
JiE 36 ity A 2 7 ity o 52 Ui A U 2R 9 W o SRR RE S
Ko HIEALHIR ARG MR FYERESEIN 2, 1%k
K€ D2/ maids il Som LCC SRAE R
PR, 2 LCC & =4 VSC XHH
JE A N 5 AR 5E Pt i) VSC b B R
PR, R =A VSC I EIRHIE, P4 VSC
HEA SR E R FRAS LR, %8 LCC 5
VSC Him HRAHSE, #E) VSC Tk AT
£ VSC #B . RGu st frb, s d s e
VSC H s P ThIhHAAk, €A Iy
) VSC it VSC ZhE 4 il 2 8 0 id 3 Th
RBHEAH, i3 VSC TR Tadstb. K 2 4 VSC
DR HRER], TFEARE: Fe MR, P
VAR RO BRMEER Y o Fi 2 PREE A b g il b
B L 5 =AY VSC I ERHBIR S H 2 AE
75, MINZE PLIEHIAS, fifF VSC HitHZ%H



- 164 - ® N EREFEEH

LRI Ioq FHE o PL 4545 (1% H 3R AP A5 11
AR K, THEH=A VSC I E R RIS %1 .
P RER T CLFE P T SR B 23 A A A R B A4
Kl 2 w1 dblk; K5 i A VSC IREIE S, 24 dblk=1
I, 25 i A VSC REFRRAESMIRE. RIER KR AR 15
AN Ko W2 (1)

1

,blk, =0
(i=1,2,3) 1)

3
Knowi = ZF(blkl)
i=1
0, blk, =1
L K, NE i A VSC YT SR P R4
blk; 55 i A~ VSC WHABUE 5 s F(blk) M35 i A~ VSC
{14 P R 5

0, blk, =1
F(blk,) =

Lotk =0 Y @

Kpasn. (m)=K, ., ,(n-m) (i=123) 3)
A K, (n) ATE n INZIH i A VSC 15 s D%
PHHREG K, (n—m) ALEn—m W% i 4 VSC
SESTIIPPIE SN EY i

BIp iR ER Y

o 4

2 VSC IhER i HIER

Fig. 2 Power coordination controlling scheme of VSC
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