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Research of pseudo bipolar LCC-VSC hybrid HVDC system supplying passive network
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Abstract: Line commutated converter based HVDC (LCC-HVDC) is better than AC transmission in power transmission
characteristic, self-defense capability in line fault, overloading capability, but it can’t supply the weak AC system and
passive network. Voltage source converter based HVDC (VSC-HVDC) can supply the passive network, but the cost of its
investment is high because of the limitation of power electronics technology. This paper proposes a new novel hybrid
HVDC (H-HVDC) transmission system combining the advantages of both sides. The rectifier side of the H-HVDC is that
two 6-pulse LCC connect a AC network, and the inverter is that three-phase two level VSC connect a passive network. On
this basis, its steady-state mathematical model, start-up characteristic, steady-state and transient characteristics, monopole
block are deduced. Simulation results show that this H-HVDC system can supply the passive network with high stability,
which provides a theoretical foundation for further development of the future in hybrid HVDC.
This work is supported by National Key Basic Research Program of China (973 Program) (No. 2013CB2280204).

Key words: hybrid high voltage direct current (H-HVDC); line commutated converter based HVDC (LCC-HVDC);

voltage source converter based HVDC (VSC-HVDC); passive network; transient characteristics
PESES: TMT721.1 WEEHS:  1674-3415(2015)21-0027-07

0 2= AT ARG (Al A [R5 6 45 7 T T 452K HVDC
iy L B AR SR T A S5 i R A v s O B R

Riti 5 v Hs EL UL (HVDC) i HiL 7 A B ikl 224, (Line-Commutated-Converter High Voltage Direct
KR I A KT R . ST, A Current, LCC-HVDC) HH T i Il 8 4t el R R AR i X
AP, iy 55 RS ETE I )
EeWH: BRETEAMARLLEITRFRE 973 RA) R, HdsarT A KR, M558 R AL
(2013CB2280204) ]S A A AR R, TRV 1) 95 A0 R G B TCE M




228 - CE R R R EEL

LS,

B H ) T AR R R IR R R i, LT
BT I A g B G A B A - A S M U o R
(Insulated Gate Bipolar Transistor, IGBT). 20 {2 90
SEARCLG, DA RIAR AR N R Al ) v AR U5 i s
J& B i it HL (Voltage  Source Converter based High
Voltage Direct Current, VSC-HVDC)5 3| T i &
J&. VSC-HVDC ZHH T A8 ) i 738 FLk
ke N QUi | NE % N W 2 (5
LCC-VSC i Z [i 4 i, thin VSC-HVDC w] LA
SEILAT DD 2 ANTE D Dy 3 g, 1 G el
M AT CATG TR R L PR SRR B, AT
T TCIRAZ I R G L ] LA il 7 35 RIS AT
Tl RS54 LCC-VSC ML,
VSC-HVDC ) RGH RMFERCR . TR .

TR A R L I A L (hybrid-HVDC) Bl — 5t K
F LCC, 3R VSC gy, wfLi& R
454y LCC-HVDC #1 VSC-HVDC [t . L4611
LCC-HVDC ik & m A RS, 1 H Ai7e
VSC-HVDC T2 1) 55t ey i 328 25 8 R B vy HL M 55 2
WAL T 2x1000 MW Fil£345 KV, EAR &K
KM ESHIEH —x =M, HE%ER
VSC-HVDC H&JEIURFIRET 5%, 454 LCC-HVDC
M VSC-HVDC MR H ik fooks B TR N H A
St DRI AZAR U AT B R (s

SCHR[STEST T HEm M 4P 7 VSC HR R
AR 12 kB LCC [RERS, 3 B T 4045
UV PR Ik R N M (PSS VR U xS
AR R T REME o SCHR[6- 11T 58 T 4& 3
LCC. Al VSC e, (HEA s/, HIJoik
X TCUR M 28 o SCRR[12] 00K 38 i /> 6 Jlik
8 LCC H G, AR —41 — A — Fi > VSC Al
B, W T SIS, I 5 R A
Wity VSC HEAT T X LG, {HR AR B i 505 eI M
AL DL . SCER[ 13176 SCHR[S] 56 Eishig T
BORM LCC. AR VSC [Rasblsng, (HIEkf
B X TR M 28 I I T o SCHR[14-1710F58 T
VSC 1) TG Ui P9 266 (it i e 4 1l SR, LS 7 i >R
VSC A MUK e SCHER[18THFSE T XM, VSC-LCC
RRA HIM RS A8 k. SCER[19)WT5T T 4%
Heb 2 foF 20 B oA R A BN S B i
SCHR[20] U AE LA XU LCC —VSC MR, 3@ it %
LM e I FAL, WA g AT Y R - B R R 4%
il 7 2N ST R CE P 2 A

AR AL FTAS 6 Fkz5h LCC H3 1 3554 {)
JE AP VSC R A R BV L (Hybrid
High Voltage Direct Current, H-HVDC) &4t . Xkl
A SE I m) C YA i P 2 i HX — H 1), ok 746 4E
ff) LCC [RRBe, RN FEAC AR VSC B HiA .
7t PSCAD/EMTDC by 705 B, #5720
R HE LN 2 L R a0 AR ) 5 A2 i H s -
HAHER . AR A SR RS RESES
REMEL AR PABIEAT TEE . IR REW, %
H-HVDC ZR&HeMe LIl Jolimzsfit e, HEARS
kT, ARG ERIE— D R R T e 5

1 {AMIRLCC-VSCRESEERMBERLE

1.1 BEARLEH

PR FH—A> VSC #rimias 1 i T X, A A%
G H T R S PINUR RGE,  IX PR S5 AR A D AL
ettty

AR SRR B i v K LCC, H#ii A8 &
it )58/, N R 7 ) 3/ 10 1 S o A7 e e
B, Ho Sy R Zy b S AT it 2R G ) HL RN A
RGP, M2 s emas R VSC, M
Mr. e Pias . B A AAS LIS I 28 4 Ak o
Rav Lo 70 i B SER R A& . Ko Koo
Ks Ky 25 B AFFE 52 B T 0, Ris Ras Lys
Lo 24 it A > T AL L 4 i i A1 il o
b — 6 kBl LCC KA B, A AH ORI 55 1% T
K, WERGE RT3 R FAR H T R 4

% H-HVDC [ gty Ean & 1 fros o

R2k2

T, -
: MR AU
’ 4@ QT s

1 LCC-VSC #hiMEHE
Fig. 1 Topology diagram of LCC-VSC

HARHFT LCC-HVDC N 02 i 2%
12 ksh Hiifnt 248, (H3E M4 6 Bkah i,
PR BASEINE 2 . 256%18, 1% H-HVDC H3&3
MR XA 6 BkEh Bt Ik 4 4h k] 72 (RE A%
RIS ATREN . F T SRk S R, AT AR
DT FEHRRHE

FLrbadi A (0 b SR a2 R



XA LCC-VSC FLIR A o s EL A B 2R 8 I 0 U5 9 4443t L RO I - 29 -

{F‘;%%
[
%

2 =AY VSC M EM
Fig. 2 Topology diagram of two-level VSC

1.2 T1ERIE
TEELRM, WA S A e, BAHf Ay, W)
LI MERR S BOA RO IR prosi,

2U
1, =%[cosa—cos(a+r)] (1)
1
U, =£USl cosoc—%)(l]dl )
J6
=Y, 3)
n
U
cosp=—2L 4)
do
By =Ugly (5)
Oy = Fy tang (6)
32

X Uy ==—=U, s lg Wi&imERBIR: Uy N
T
Edm H A s Xy ik RGP, Kra(1)
RN Q) P AFHES O HL A
32
Uy = )
T
WA VSC i 4% K FH K 5% 1 il (Pulse. Width
Modulation, PWM)FE A, 2t oy

U, [cosa +cos(a +7)] (7)

m
U, = %Ud245 ®)
P= —US;(UCZ siné )

U,U,cos6-U,)
0= X, (10)
e w AERAEEAIZ: m R O Ug
M Ug ZIA B 25 Up WM EREE: X
i AR I F BT

B (D)~2N(7) T LA, 0 0 3 e 42 il fid
IR oS B R AT D) Th . 1 i a8 (9)~X
10y LAE H, AL ELB T8/, LHIH
THEPIRT Uy, 1 Ug S H1 VSC Hirthi i) PWM H

I QU Ao ek 1 < PP P 1 U oy £ skl T
PR G LA D2 RN, ] Ug #hnT
DA VSC A& H B TG T B 3 K
1.3 LCC-VSC #=H g2 [RI1E
1.3.1 B LCC $ 5 5w

BRI LCC 2 ISR me , K FH e Lo L s #2531
3 ST aff I, R I AR I W 3

3 ERMmeyizH
Fig. 3 Controller of rectifier side

1.3.2 WA VSC i e ms

SOV [ SRR ENAER) S/ Sk g RN = e Al A 2
L2 W E FS AR ), B D-Q Azl Jr 5K

R4 VSC-HVDC REGH— i, 5k
DA L PN 28 TR (1 0 T 24 I ) G905 ) 8¢ B 2 A 1)
AL FELFR R M 75 06 JE 5N PR AZ 9 L R HEA T4 31
R CThas I SR s A A il ok T SEBRTR
& HI AR IR AT e, AR A This
ISR B r s o7 =K

H1 Park 413 2 d-g AR R TN ASHM = AHB) A
Wy TR A

A _uy Uy R

dr L L ! (11
di, wu,-u, R. )

—= ——i, — i,

dr L L

X ugs sy BB dy g R s

Ueg 53R VSC AN AR FEDE K d g Blor s g

ig P L R dy g oy Ry L OREBREAR

255 I0AH PRSP A58 F BEL R 55 Ak FRLUEK
FEENGIIE

di
Uy =y +oLi, - (Ri, + L=L)
dr
di (12)
i
u,, =u, —wLi, — (R, +Ld_:)

cq
u, _ mU,_ (sind (13)
u 2 \cosd

cq

BEM 43 VSC I HI & m R oo h

iR



230- CE R R R EEL

2. Ju, +u’
m= cd cq (14)

Udc

8 = arctan 2ed_ (15)

ucq

WARM R R g, Wl 4 fros.

[ e
S
PWM

4 B AR 35

Fig. 4 Controller of inverter side

2 (AESH

2.1 (hERZSH

EFXHEE 1 Bos OTR & B RSEE PSCAD/
EMTDC HL G A5 HAR P iR d s iy, Sy seBiln)
ToIRME b, EICE R T 400 MW, H
TR 200 KV, BTN T KA. Hirasig
AT IR GE BB 2520 220 KV, 35 AR TG Y5 99 4% H
AR 105 kV, WA ER BN 600 puF, AH
HPIAs A 0.074 3 H, IS S0a Ry N 2 Q.
SR BH Y 0.07 H, fEAKA 50 s, f5 B
(B4 5 so JCUR 45 1) 4 fuf FH 400 MW 1) = AH FEBH P
BRI .

2.2 B S5RSHFEMRR

FH TR VSC it sl e A FRYR 8%, MU 3)
TRBENTE 0.04 s I 5 S8 il A B LCC #rymivl, fF
BEHBEA R 0.1s Jaais-aei VvSC. JHahfIf
S, BHREE. HRER AR, Lo
MR AR A7 ThIh 2 15 SR L S B

HIPYAS /N 20 ARER AR 23 1) B L
BB IR BUhR, magaRmm
PEMAEE . HRER. AR BhIE, M
FHAET, AR RS A YT, 4
AR AN 527 35 AT DI D2 o 11 LCC 1E FuAfon)
Fr, BrCLERE R AR o, BURE .

FHE S g, Hm R R HT 0.3 s Btk 3] T4
EAH, WE BT, SRy 234 kV, &
PR, HMHBRMH T 0.35 s stk 8] 7T HUE (.,
TR 2.13 KA, AT 0.35s

inverter: Graphs

-DC_voltage P -DC_voltage N
300 2.25

inverter: Graphs
- DC_current P - DC_current N

2.00
200F’ 175
<
; 100 & 1.50
& E’ 125 ‘,
£ o0 Fo R [ o s N I
; o 0751
g ~100 2 050
200 025
% 0.00
-300 -0.25
00 1.0 20 3.0 40 5.0 00 1.0 20 30 40 50
tls tls
inverter: Graphs inverter: Graphs
PP PN QP QN
250 o 50 e -
200 ’. 25
150 ]
B2 EO]
2w : O
5 50 5 25
E g r
2 i L2 -50
& ~50m £ st
5 -100f S |
< ol 3100
200}-+ -125
-250 150
00 1.0 20 30 40 50 00 1.0 20 30 40 50
tls t/s
Main: Graphs
=P _rec =P_inv
450 -
, 400 14
S 350 |
T‘B; 300 K
& 250 HH
2 200 K
g 150 H
&) 100
< 50
0 L | | |
0.0 1.0 2.0 3.0 4.0 5.0

tls
5 EmBE. BERER. GUWIhE. TINE,
BERMFNEZ MBI R
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and active power of rectifier and inverter side
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Fig. 7 Three-phase short circuit fault occurred
inverter side AC bus
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