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Abstract

Abstract

In order to serve the rapid development of economical society of our courtry,
and make use of the coal, hydropower, wind, light and other primary energy in the
Central and Western China, the power grid of our courtry has been developed fast in
the last decades and become a grid with the structure that most of energy center is
located in the Central and Western China and load center is located in the Central and
Eastern China, electricity is transmitted from the western areas to Eastern China, the
northern power grid is connected with the southern power grid together, the AC and
DC system operate parallellly.

Mainly for the development of the AC and DC system and the wind power in the
power grid of our country, in order to supply a new modelling and simulation method
for the AC and DC system dynamic perfomance analysis and reasonable High Voltage
Dirrect Current (HVDC) system emergency power support control strategy and the
transmitted power of the HVDC system follow the fluctuation of wind power control
strategy, the paper focuses on the dynamic phasor modelling of HVDC system which
can reflect the harmonic characteristic of converter, the three-phasor dynamic phasor
modelling of HVDC system which can reflect the dynamic characteristic of HVDC
system under asymmetrical faults of AC system, electromagnatic-dymanic phasor
hybrid simulaiton of the power system with power electronic device and AC-DC
system and the HVDC system emergency power support control strategy based on
adaptive dynamic surface control and the transmitted power of the HVDC system
follow the fluctuation of wind power control strategy based on constant power
control strategy, the contents as follows:

(1) An HVDC system dynamic phasors model including the model of converter,
DC line and controller based on dynamic phasors theory which can reflect the
harmonic characteristic of the converter of HVDC system is proposed, and the
simulaiton process of HVDC system dynamic phasors model is analyzed. The
simulaiton results show that the proposed HVDC system dynamic phasors model can
reflect the dynamic performances of the HVDC system, especially the harmonic
characteristics of the converter in AC system side, when the dynamic phasor model of
converter which is a algebraic model and a large simulation step are used. This
proposed model improve the modelling of HVDC system based on dynamic phasor.

(2) In order to improve the appliability of the HVYDC system dynamic phasors
model, a HVDC system three-phasor dynamic phasor model including the model of
converter, DC line and controller used under AC system asymmetrical condition is
proposed, and the simulaiton process of HVDC system three-phasor dynamic phasors
model is analyzed. The simulaiton results show that the proposed HVDC system
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three-phasor dynamic phasor model can reflect the dynamic performances of the
HVDC system under AC system asymmetrical condition when the dynamic phasor
model of converter which is a algebraic model and a large simulation step are used.
This proposed HVDC system three-phasor dynamic phasors model improve the
applicability of HVDC system under asymmetrial condition of AC system.

(3) In order to take advantege of the electromagnetic transient modelling
method in building the model of AC system and the dynamic phasors modelling
method in building the model of power eletronic device, a electromagnetic transient -
dynamic phasor hybrid simulation method of power system with power electronic
device where the electromagnetic transient model and dynamic phasor model are
used to build the model of AC system and power eletronic device respectively is
proposed, model partition and mutual equvalent method are analysed, and the AC-DC
system is used as a example to analyse the simulation process of electromagnetic
transient - dynamic phasors hybrid simulation. The electromagnetic transient -
dynamic phasor hybrid simulaiton of AC-DC system is achieved by using the
proposed dynamic phasor model of HVDC system which can reflect the harmonic
characteristics of the converter of HVDC system. The simulation resluts show that
the proposed hybrid simulation can reflect the dynamic charecteristics of AC-DC
system by using the dynamic phasors model which is simpler than electromagnetic
model and a large simulation step. A new hybrid simulation method of the power
system with power electronic device is proposed.

(4) An HVDC wide area emergency power support control strategy based on
adaptive dynamic surface control is proposed. This strategy which can deal with the
unkown modelling error and extenal disturbance is desigened by using the center of
inertia (COI) equavilent model of AC-DC system based on the global information of
AC-DC system measured by the wide area measurement system (WAMS) and the
dynamic surface control strategy and adaptive control theory. The stability of the
AC-DC system controlled by the control strategy is proved based on Lyapunoe
function method. The simulation analysis of this proposed control strategy is made
and the simulation results show that this control strategy is adaptive and robustness
for different operation modes and faults and robustness for time delay of signal.
What’s more, the performance of this control strategy is better than the HVDC
emergency control strategy based on the pole placement method and back stepping
method.

(5) A control strategy of HVDC system for wind-thermal-bundled power
system transmitted by HVDC system based on the constant power control strategy to
make the transmitted power of the HVYDC system follows the wind power fluctuation
and to transmit the power fluctuation of the sending area with weak ability of peak
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Abstract

regulation and frequency modulation cased by the wind power to the receiving area
with strong ability of peak regulation and frequency modulation is researched.
Meanswhile, a scheme that SVC replaces the conventional reactive compensation
device to reduce the action times of the conventional reactive compensation device
when the transmitted power of HVDC system follows the wind power fluctution is
researched and the coordinate control strategy between the SVC and conventional
reactive compensation device is researched. The simulation analysis of the control
strategy is made and the simulation results show that the proposed control strategy is
feasibility and effectiveness.

Keywords: high voltage direct current (HVDC) transmission system, AC-DC system,
wind power, dynamic phasor, eletromagnetic transient, hybrid simulation, emergency
control, dynamic surface control, reactive power control
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Table 1-1 The built LCC-HVDC in China
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Fig.1-1 Diagram of interconnection of power grid in China
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GRS R TR, DO bR 2 PU AL ER AR R . XU L DG AR BE U IR M AT DY E K
L L FL g 1) o AR S L M I TR, R L e A ReE KRR Lk
I L7 R Gk B Tt 5 AT AR B AL R B K A BT SIS AT R W
PR 5 B B AR L T R G

1.2 REAREHMEX

ENTE R ERE RN ERIFINISATE I RS, RERMZERAS L
WRRE R v, SR, NRIEZEREM B 228 EisT, LHRAGENEE
PR 70 A S+ ia Yl seAh, A E RIS AT B IR AL I E L R S5 R AL
E, HEMARKASG T, AHZEE., KEEMBEESHERRHE RS
AW RGAHL, AARRE, TR ARKR. ST ER A, X
R RONAZER AR GRS e F2 ) XL 55 BT i sh PERS 5 iR R IR A% e S 1t 17 T i
iz 47 75 3.

A RGBT EAFAR N RGBT ERA TR —, BENE IR
R RS Beit s e AT MRl SR Ot ikeE, AR E R E L i R8T
TEHCERAL, BT RRR MR, USRS H I RGN AT hRIZ RS A
WE LS ER R G2 B B 247, B FEN G306 AN R PR AR (0 22 B AR Sl
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PR DL R AT B ITEITE 7T 2058 H Al B R G 807 Bdr )2 A8 A R0
BRI T 43 ST 2 - o 10T A R 20 U TR el 87 A B0 (AR D v R s s ) 1
FLTE B AT ERGAA, (H2 B SRR M Z 0 i B, TR
HHPITE R EE R, EREHRRSESE D T REENUNE NHE, RS
A M EBET, R SHRTENSERDN, HZENE AT RS =
FEXS PR B HTHR T, 10 HLAS B B Wt L 77 H 256 B 1) 8 O ) A

DAL 77 R B FORS FE R SR L 7, S S E RGN E
RS  E AU, %A I AR A B AT AR e, 3L B B
JE FRTINE AR A F I R, A LA N ) S B T A B AR M R Sh A A E LAY . AR
P Aok v ) fE 7 2 B A R AR Y, T L2 AR R R ] DR 0 A A A 1 1)
R, IR G T T A B ERAE Tk e i HL g R AR IR R
T P AT Y SR A AR () () I R ORIE KRS T, NEIR RS Him a5 i 13
BEB AT EHRRSG I B T3 .

BB &40 (High Voltage Direct Current System, HVDC System) %
FIETH, BRASKIRIEINRMELR AR, AAERE. HE, FHER
ROGIX—Frml, HilE SN ER ARG R SR BRI, AIERINIEL
T, REXEMIFVRFAMNGESRENE, 2—MIEFLFN AR L 2BHF &
MGy, 7R R4 (Wide Area Measurement System, WAMS) 1 4 3,
DL Je B W 4% i) S W 1K) % %, R HL ) AR R AE 2k S 5 R SRt T Se B Ak T Rk T2
WA F FHWAMS 2GR RS 2R E 5, 1 &l mug st 17— L.
TR 2 Mg AT 77 O 2 Fh R SR B ) R R R R S RS RS 5, %
ERGWM ZEREBT, RERGANZeEREMEAEFEEZE L.

AN, ande] R FH B 2R G A% Y D ZE PRI AT X R A, E SR EE R S
L AR s T AN AN A2 TR UGV AT RE ) % 55 1 1K i X KOS LR, i RUKHT
7 RN 22 B R Gt A1k 21 X 28 5 48 Wi, 1 UG AT RE ) 9 1) 32 B 4l [X 3K — X
HLAMR IR, $2 i B AR G PR R R D 2R IR By, R 3K g L X ) X HL D R
B BN B 32 v ML X, AT D XGRS IR B A4 B 4 i B F e B, RO R T B T
#H .

BT ERER, APETERAKGEE. KEEREMNDEREE, #H3)3)
SHEHREERARGULASH B FRENA N RGEE LT RNH, &
M HM ARG SHERS, LA BB FRE R RGN BHE-3) S
B HITEMZHIR RGBS SHER S0 BRI RWR . AR FHERR
GrifE . AT A E R KU HUR/ADRE A B X 8RS B R G KA
B GBI RGN S D3 SRS RS, A5 B X 2 Bz AT J7 TUM 2 Bl
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KA A B B NS R R B AR G R S DD A SR AR ] SR T R
T BEAT 5532 b 3t X BB XL XTI 7 10k W 28 LV A/ 32 31 55 52 i 3t [X
X — JRCEL A& A5 2, 3 0 LA AR G R X R D R U8 B0 4% ) SR T R AIE AT .
MNIMAZERAZGA LG EIETREMNBENRGNHEER. BERAZES
Ty 3 Sk A7 1) DA L BRI X R T 3 P Al 42 i SR SR L B R 5 7 o

1.3 ERIMNARIVIR

1.3.1 SEERRFEREHIREE T

1.3.1.1 EXITHHFM

—

Pa g
— ¢ 4

AR C S INE WA X‘Z —C

12 mEER ARG R 2K
Fig.1-2 Sketch of HVYDC system

Vdor COS ¢ Vdor Veoi Vdoi cosy

P 1-3 = s B 2R 40 55 R0 i
Fig.1-3 Equivalent circuit of HVYDC system

PR e IS BV AR G B B0 1-2 Frows s Ok I AR OB ] 1-3 B
RIEERRAGRRSHER, BB 1o 7] LR

o = Vdor COS @ —Va0i COS
Rer + RL — R

Fort, Vaor 1 Voi 73 51 9 B0 2% F1 105 A8 25 1 4 900 AR He 25 0 0] 1 28 28 52 AL 28 FEL
HRAE: a My 73 0] B e B A DL S A 28 AR 9 s Rein Rer ALK R
oy B A L TR ) A RN A F LR LU i 1 HL B .
HMARIEFIBITHEIE, Rev Rer LKL RUFERAAL ;s Vaors Vaoi 1T T
WMAR AR Sk AT s, (BT EEL o My KR ERNZ, £0hE
MARGE G R DL LR B R, @A A Bk, BERASEN B

(1-1)
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FHLYE 3 AR 1Y) o Ay o o — ML SR B I HL U0 AN L 49 Ji1) ER R A 2 AN AR
A 3E 47 2 1]

HAE (1) U0 A% 8 B AR ) AR e R N TR BT AR AR AR I B 2R, (HIE N

25 o) M 2 S5 7 1A S2 0, S B ) RS AL A E U AR R B AR e RE P R B 1-4

ol 26 BT H R AL bRl x il B2k AB. BRI, B R AR AR 2 S AR R N

Vd =Vdoi COS ¥ + (RL — Rai)la (1-2)

— S A L R KT 2R % FLPH Ry, IRk, 4308 AR IR A 52y 42 il

HAR R 2 & 1-4 h CD B, A— MR E L. B8 iAs

MR Z R S E NEM AL EHIREN MR EE1T .
Vag
F

Fi

Kl 1-4 Bt RGeS iE R
Fig.1-4 Steady-state control characteristic of HVYDC system

MRAE A (L-1) TR, B E AU B2 I T BRI, BRI . 9GRS
BV GUIEE , B A I AR R o RIS R B AR . AR B A 1Y
Firls a IEABETIRMIEN, N 1 RAEB RS A 20 1 I A B S RE il A, —
IR E o B /NBRAE N 5 A . Rt B IR FF SRR, (615 a B2 T
BRAEI, B9 as 2 dl 7 s e o€ o 120, HApthii & 14 1 FiA
BroR . BEA RET A S PR R AN N B, 8 o FEHIFIE p 1231 M SRR
LR ANAFAEAS Rl BRI, AR TEAR &5 [F) I I B 2 A, 290E o S HIATE
y T SR P 2R AN AE AT R, AR SR E y FEHIAR O E RS, &R
GHIEAT R AR N 1-4 ) B

N Y G R A0 AN AR B R R YA 2R AR A, PENE R R R 25
R —NEE, RANBRBE. REEFZITREN, BRAGKNBRSE
fE AL FE AR ) E R 2 5 H K — D B AE, 1042 4% 1 e FL i 42
FERE YL As o2 TP ) W AR A B E; B RGAER/NTERSRERRSHE
I, AR R IR ] A B A .

ARG R FERECORN, &2 S B EH R RE, WO ERASGN LS
R, FFEEARHA RGP RENE, [ ERAGBITHESFHNIEBIT A, D4R RS
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FoE s JREME G RGPk R IR, PR B B A D 28 ) PRI g, RUEYK
WIE RB TR R KSE,  PRIUE R Go il 5 R 2 . S sc Btk Thae, &)
G hiE WA KR R R #I3A % (Voltage Dependend Current Order Limiter,
VDCOL). B VDCOL [ E it 5 Gt fa A 45 il R v th 26 an B 1-5 P

Vi

P 1-5 75 I s PR 3t 428 6l 34 19 1) EL IR A% Gt A a5 4% 1) R Ak
Fig.1-5 Steady-state control characteristic of HVYDC system with VDCOL

1.3.1.2 EH RGN T BEH

Hind B 20N 3R, B 1REATIER B (BRI H D, 25
2 ENNES, B 3 JENMAEHI . I 0 G O R0 ROR 1 B s
NSRS Per LALLM INIZ SRS Pows, B IEHIIZE UG, MR R ER
RIS HAE Qarere FLH, BEINZES] T ZAHE R SO R 6] BB 42 6 DL A%
PRI AE RS WIE SRR R R, F S A R R IR L aser
PP FEAR TR AN 1-6 P, AR B R 40 n] Aet & AL e i 4 i
iR TIRE

FURTAIR S Poe
?

RIS LI HELE
5Pl

l lges

A%l
EBIRE ]
IEREN IR AA?%%

Yaafa ] gl TR

GRS

[GEEE

B )«
i e kv e e

K 1-6 = s E i AR R G R A5
Fig.1-6 Hierarchical Structure of the control system of HVDC
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1.3.1.3 ERARZGEITFIRITH R

BB ARG ERE RN HERME 1-7 i, H-Ras 3 MR, 45
fe: 1. BNETNRIE AL, 20 MEhndsmaiE; 3. Hm BRI ST AR, 1
Hr, B D Fe e A B H T B B O FE L AR IR Th 8 4 Pees BEIMEE
) e o A L U B L R P O I o AR T SRS B 1) T R ) 5 PR T R AR AL
EHEL Pousy SHNEIIRIEL Pser BN LI B IR 5 B RGNz B
FEL I i 4 T BB e T B e AR 40 L A A B T 2 AN L R T A B LR L A

4§>1Ei idesO

A in 2 s A e
¥ W R
Pset AN
+ : lges
Udc }
W e

(RYRZSE FLILEAT)
17 EL i A F 2 7 1) 20 47 ) D BEAE

Fig.1-7 Control diagram of main control of HVDC transmission system

1) B i A

A LI S AR 4 a3 T R DR R IR L, RO L D R SRR e B S
oA R T B . IR AR G B 4 ol £ 5 B R AR B LU L R eIk 52 T i
RIAZ I 28 Gt 7 e S Bk AR G0 5 8 A 5 (A 2R A4« R LWL A T S AR A 55 )
T E U ARG DR AT S, (8 2 PR WS Bl kb 232 52 P i 1 A2 3 AR 4
TR, AR S SCHRAMBELJE R I ROR o ELIR AR St BN 4% 1 46 Hi 45
T Pos — B P H O ROR BV HIZ DI RAR L Pee BN, IS B H i R SUiE
&) Z A Pordero
2) HimHFLE S E T E AR

M E VU RS 1O RIS AT I, L SRR A — U B A S AR
Yoo 2 A R RS E T AR ERBRKIESME. —RisfT AT, Hilt
RIS ESE T HR RGBSR RUERMBE RGN ERB L. BB iE
AAE TSR B A P HIE B A0 1 1-8 fros .

I:)order E{fﬁ: EE{;’FLTE/:‘ME
EEE——

ldref

Udc
Kl 1-8 ELILHL AR A B T SRR A% i AE &

Fig.1-8 Control diagram of current order calculation
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1.3.1.4 EREBAFZHRITRITHI K
B RS IR 2% 15 U HE B A B 1-9 Ao .

EERVLERT Tk =R
(B A 2 TH SR i )

lges lar Brmax
[ [Eam o
Ys fvpcoll e e
,Bimin T
EE{}IL% = ﬁidmax
. + - g
. é T A eI
! B/ Rl R4
IEEEI ﬂldmm
+ ﬁymax '
b s Ay [EEEA [ Lwat %
+ Eietilbn; B, #
Pref ymin T
ﬂudmax
Ug _ = SE R
O
T ﬂUdmin
Udref N N
JE H 45 i 4%

1-9 M 47 il 20 42 fhiAE P

Fig.1-9 Diagram of polo control

FLAE N — BT 25 T AT oumin PR 52 FRL AL A A AR R AC 25 E R
TP A%, g B 4 ] 5 s M A 4 1 8 P A — R, B I % R U A A
i DA E B A 1) 4 P KR I A P o) o RE RN R 30 A 0 ) 5 L VAR A A 4 ) R
W2 A0 — Bl TR IR A M B iR 2 T ARSI R g, Hor, %
TN FR 2 25 (H EL I AR B R S (i = 0.1p.u O FLIR A B o b, A2 i
TR A HEL I O 22 4% i T

1.3.2 hSHEE IR L XE HVDC RFEEFR RN

1.3.21 BSHEERVRE RN

1991 4F, &[R4 Je Y K% % ¥ Sanders S R %515 X4 H 3 A AH & 1 8%
VORI I X AR S A AR e, 5 S 0 R A I A A
R SR N 3 S AR B AR DL SR TT R B S SR, O A B AR o
TR T R B A R, SR T E AN T RGO TTH TR
WFARN REERE

b5, 55 E R B K5 #4% Stankovic A M XA AH B EIRE HL L R
T R G ERLLL Loy M b i RN I 1 4 . YR AW FT . Stankovic #0443 H 5

9



S AP L e VAT

SMHEH®R, BV 7T ZRMAGMNHRIEL T DC/IDC AL #ds . Iy o1 i a4 DA
Je A7 V5D I 7% S e 7 Fl 2 O 0 A A e AR L0 O MU K i el B L 10 B S A
AR D8] e e b, FTARE I 7T 7 B LR SR B NS S M A,
W T AR I R PR S SR ERY B AR ARA S FRIGI T,
SR T R G ARG O 4t — W i 4% ] #8 (United Power Flow Conditioner)
LU0 2z g e L POy Sh A M AR TR, P A AR 5 R T S AR R L X L R
PiERE s UkAh, Ny RS H IR M NS, Stankovic #1034
BN B RGRELSEGE. B ARG ME SR E ST s & T
M 28 1 s ) 2 B PRI . TR AR, BhAS MRV N TR B
B 7 B BRI A3 AT SR AL T — P AR AT A R RORS BE A T L A A T VA A
MR A BEBINEZ B, TR TH, R TGS E T REN EZHERSE
SE, TGN HL ) R G T A R R BB A

teAh, B RN AL K E X A S A RIS B T R RG oot
(e SR ) A SE RN R P2 1 W < VA UL o LN -3 T8 ) € A T == )
%48 (Thyristor Controlled Series Compensator, TCSC) 2829 [ 5/ B i
G R RO =P R T oh R A SRR i TR E B S AR B, By
AR T R0 B AR S 7RSI 2 o i 4 (Modular
Multilevel Converter, MMC) X4 2% H /7 L 725 B (M 5 S AR B A A8, 5
FH AT A 7Y o3 A7 7 AL 2 BSP R AR I AT R, AR, MMC B
AR S B ST R ARG A, WERN RS AR S
W 5 25 K R A T AR A T IR A RO AT R N AR B A A R AE S
A 2 B ER B SR R G T A AR T T T OR B TARRES), R T e S AR
HAG I N VG . BN ANRERTHES) T sh A E AR R B R E K
R G IO B AR K 4y B S T T B B

1.3.2.1 HSHEEEILE HVDC REEEFIE A

XA S M EEIR A HVDC REMEB P RIR A , B N A2 il 7 K&
WHIE AR B A0 2l i 2 A A8 R G = A X RS DL HVDC & G4 it 28 11
TFIARAS, HEAL T R s It 4 8 B A A 2 AR BT SR B B, IR AR I 2K bR
B AL BB S S EI S, B85 7 HVDC RAEELR RGN IRIRE T
) 2 A5 AR BB RO B S R B, HVDC & 45 50 45 M B AR 2R AT DL 4% R F 0 75 2
AR R K IR RS, I REAE 52 R UE B B ) AL AR 4 3 ek HVDC R G &
AR

NI HVDC # Gish & A0 B R A A Ve B, 0 EN SR I 70 22 i R 4
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AXF R R T HVDC R Gu it as BB AT RF Ak, L 1 £ 5T AR G AR IR R T
HAT R BB EE, oA J Ta) PRF FL 8 A5 A 1K) HVDC & S it 4 21 25 A
%%.; jﬂ:g [42-44] .

NHES) Z S EHEIRAE HVDC RS M= 05 1 N A, B A ST
7 REWH AR, B2, XHETE 0 XN HVDC RS i 43 18 ek, i X
TR, 3 T2 R G AR AR RRIZAT R 0 R ) HVDC & G slaS Al E A ALie
AFFRNHEIT

133 BORGREEHEMSR

1.3.3.1 BEARZHFEHERAK
1 WARGHHBEE SR

BEEIARBENTREWKE, LAITENEARERNDRGEFHNH, BIR
GETOREARPAR T CEKE. BRI ZHHBE N RAR T HEARAEMN
K BARGEH RSP MR S0 1.

B RGN A0 5 R E R L R KB G 18 &5 /L
Ha B SR EERE, THIT T AR R PSSIEM, 5 [H 74 &4 o /1 A 7 W& (1
[t) BPAMOILL K v [ /3 Bl 4B 2 B BF & IR L 1 R G0 M s & A8 )5 (PSASP) 1]
#HETHL RS ERMA; HRHLE RS TH#EFRES (Quasi-steady State,
QSS) NI MR ML, Hh, WRSHEHENAZNEE. Hi%
AR NI SR ) IE S R A, TTHAMERE, RIS ST RS s AR
FARE T FEH . @k 52 B B R ARy T R AR BT R AL, R RAE KA
IR . H R T AR — R R SRR T A vk L SOk Rk vk SR B R
GITIENRME, ARETT RRH — MR F SR AR AE S M AR E 7 RE 20 1) 28 W02 i3k A7 SR il
iy, RS KAZDR, Gl LKA .

HiE, FEEINRENRGNEITBFHORE, BI85 & 5P
W ER I RFIERR TR E TSR R A DR A
WHARKE RGN BHE ST ERERF, 5 HVDC R4 A1 FACTS Z5H /) H 13
BT R ERRSEIAL, AN RE Y S i i e Rk B S I AR .

2) HARGHUESE

HL ) R G G A 1 SRR R Rl bs LR ik, g
W REFIEIRE SR EFRENEES RS RGEME SR,
H5HLEEESSEANR, B RGHEESTEBMR, BEESET (EMTP)
491, fng= k2 RHE I HVDC B 58 o W % () PSCAD/EMTDCPO L J7 42 [ 74 1]
T TR 1 NETOMACP 2150 & - o 25 45475 B, 41k, MATLAB/Power
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System Blockset th g #E 47 HURE 25 25 1 2153,

NAMRGHESLE, BB ET, REGREH =MHBENERR,
%i%ﬁ75¥#@% USRI VEAR ) AR 2R R I IR, A Ty T R R, R B AL £
o R I BE BR TE AR 0V S BUE AR 4 T R D B R O AP KD,

ﬁMﬁ%

BRI ISR AR SFE I 52 R T DL S IBN H  ELAB K BR ) T L B A AR, —
FEEAT R R G BRGS0 BN, #7E Bx KRG AT S E k. i HVDC R4t
A FACTS 5 TR EAE RGP Z N, XL E 5] & 08B
AR BTSN RGN A SRR H 2 W%, 0 AR R Gt i e
DA EA G LI A I AH T () B ) 3R G MG A T B AR R AL HL BT SRR
17 3253 A LT A T A B 0 ) AR R ) R Gl B R 2 (1 TR A

1332 BHRZREHERE

NI B ERAL, TAANREH T SHEDETFRENE DRSS
ML FL - Fl T T 2 R A 4 B B 0L SR AT L R R R N VE G R G R4
RE, THOBTRENHEMRSE E CNBMES T RS, KBS S0 5
RGBT RERIINB RS E N BES T RE, KAV BEEI . bl
FH - LT B S TR A U7 B R AT i DL AR 2 it r B TR B S AT R, e
Pewm Ui FUR BE, R FANBL . o4 s pL H - R A TR A O AR 1Y) S AT
AERAYE, BTN GO T R 4 A B e 3T, AN RGN B R G AR I
2 i 58O ) e o b A5 784 6y 432 11 05 9 102X 3 AN St 1] Bl T IR AN

BRAE SN - B SR A BB, RN RENSH B FRENE
ﬁ%%mﬁﬁﬁmiMmmﬁ%ﬁTﬁ*mmhﬁmﬁQ%ﬁ%¥§EMQﬁ
ARGt Al v B e R B 5 R R IR B B U7 . SCER[63] 41 [64]
53 L HVDC Z 48 M i 1k o DiAME 284 9 B D LT3 B N R, TR0 i 1
THRABRTFREBNB RGN E-SESMHER S0 5. Hr, RYEM %5 i
B, WHJHEFREMHISHERS, SR ARG KA RS SEA, I
S THLEES T RENNEME T KRR 2 A IEE T LR A B0
Jiik. WHARERWY, MRIREVETESBEES0 EMIL, BA REFR 2R
B, JRmth 7O B, SO AT EAHE, AR — 8.

RE DT B R —Fh i ) RG A SRR 52 % FE AN F0RS B2 35 2
R ITERWNP BT . MRS B SHEA, HYDC REEH I H
7135 B AH FH AT 22 e A VE AT G I FE SO B R, BTSSR AR TR R I B S A
BB () HL R - B A A IR A 7 FORIR & 0 AR A 7R R B, A RRIRAE A
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134 SEERARG RN R EERIRBHAR

HE ARG A Wik h R Pk a I (s, R R et ™, R E
MARGUX LR i, 1] DU E A 1 B R SRR SR SRS g, 8 H
RGFEHEWET, MHERRA RS CRR &R G ERRR RS0 &
DE, 5N VA4S E 2 e e St 2R A 25 m
SRy YR G g 10067

EAMER THEEELRER, RETFENERRFSTELE, CRIIF
MERARGR S NERER R R EEL N TERAGNREE. EE
mEBERASGEREWPOE R E, RECIER T ZBRIFFEEIT B RFE W
BGEN, EHRAR RSB IREHIRIE RS A AR R T — THRAR
(981, MR ¥ 5 2 o o S AR 4 o) SRS (0 1) R T 9, ELUA AR R R B Th RS R % i S g
43 R 28 XA ) R0 A 2 a4 o T 2

Horp, B G Ul 7 R F B 2 TR, Sem VLIS ) 7 S 45 i B B 2L 0
R PR S, @I X RGEEA A B NIE AT TR 6 4 A 78 B 2R
TRERBELITE, WeHE RG KRG NIEHTE M, 2 m6E B /RE%
haE RS R, REANE LT THARE AR B RG wafE
BHRER T . URGEAELBATH, R SLhRI TAE R EIE IR . A
HeZh HiR R G R 2 IR TR R, BN RO 4 VR 2 oh %S ik AT
TREI . CH[661F 7 TN Z R ERRAN R NE LR NELEH
MAGIREMENRT], ZREHRRS W E SRR A 8 &1k 52 i
NRGNGEREMN, D iEm REUIPEE, B RIEEA 5 g
X, GG EE . CHR[67]LL 2010 4E 5 J7 AR TN &, bl e T %1
-H B 500KV AT LR ML R MK A B IRE R E T, WA RAY S
FROEMR =) R R B S SR SR H R . SCER[69]07 04 1/ 77 H
WIBE) RITAN=T 3 5% LAl F 2R % 5 S T 30 SCHR 42 ) B S WL ) R GRS
EMER R, R, HERSREZBERSGE RS EE6e ), e
AL 2 8] B ST 2 SRR P R A ) SRR . SCHR[70]MF FE 1 Y )1 - P b
2010 FF Rig47 7T, A B B R DU 1] e R S8 i 2 % 0 B 4 B R R
R A 1 () S D R SR A W S o SCHR[7 L]0 1 T X 46 A H P 21 A2 L H Y
1000KV 45 1 s A2 AL Bk 265 28 WA B )5 B R 400 (1) 58 B D 2R SCAR A% 1 SRk, 17 R B,
il 58 B0 428 1) S T A AR = RGN D A AR e

702k A As 1l 77 vk — AR ) 3 & R4 (Wide Area Measurement System,
WAMS) KM EE G RGIRE L E R, RALWERTE. et
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Wiy I IE] B AR ) LA R B R AR ) O v A e i R B, e IR S TR SR
P SR . IS K N RS E K Kunder FIJ 28 4 e B IX Rl 28 1 3 41 7 vk, DA
P X A BB R GO AU &, Tt TR 4R R XA B R AR PR
B RSS2l R IR s A,

H B P B B i B A ), RN REHAEE T, BAIKsI R
gt H S SEPLEEE] E AR B RS T, REHNEE M. 2R EGE L
AN, BT BN B B R SR S T F SR I I SRR ) e . SCRR[74]
FI[75]M8 F /N e d 2 M 2%, 45 & WAMS EHE, 45 s BEEER RS,
Wi T AR TN BRI R SR E N ER RS R 2R IR kg, #sh7T
BB HIEER R AR SIS H S N . SCER[76]48 H 2 A £ X
HAR, #E 7 RRFENRIERG T ERE, R4 E1EE S B )E KL Kk
TMEEZ B R 7K = A BRI E IR R A5G Vil B S hl sk, i = airkm,
ZIEHIRIS R R ARG R E M, 8 T MRE ER R NERIUR, IEES
IR A R B & HE Y, R [ I AR R R G0 D AR R e AT H R AR E MRS AR TR K
IbAb, B ] B 4% i A R — P A 3 G M4 8 IR U6 R 2 3 B 48 Ao e RS Bl FH
1) e S B0 42 ) 7 VR, AR I AR 0 R R T R S R A o SR 1 o R TS TR
TF B8R o SCRR[78] AN [7910E Tz = il il s 7 Pl Ik & 2 X352 B R e e 1
MBI R GRS IR SRR, IR, 235 0 58S B8 5 oK PR L Y oo
REMEEREN, MRS RGERRIKEFE .

BRIt Z A, BN GO A SO 2 A T OBk, TR AR 2 R AR
TR R B ) 2 B R R R SR IR RS A T K ERE A T AE,
87 LI R G0 P A 1 SRS O TE 28 20 LU 3R G0 R 2 T R SRR A o SR ) L Ay
Fa

SCHR[80] 2 T R i g Ak v, IS BI NIRE R B EE XX EHR R4 M 3E
Lk, HETHRARGHEEHEE, ERAXTMEHERS T 2AaMEE
FaoE e, BUE T RIGMEHIZCR . SCRR[BIIRH WAMS R4 & M ARG5S,
i S5 9 8ih 1 AR A A ARR 2 . RGPS AN T A AR A LA B R AR T 1
HL RS E IR, WIS T R MR . SCER[82]MR#E COI A4
P X AL B R GUIRAS 2 5 R, A8 P I AR 25 b 4 o 5 v i 1 Re b B ELIR
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Fig. 2—-7 The diagram of voltage switch function
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Fig. 2-9 Simulation results of alternating current from commutation bus to DC system at rectifier side
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Fig. 2-10 Simulation results of commutation bus voltage at rectifier side
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Fig. 3-2 Direct voltage simulation results
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Table 3-1 Residual similarity of fault 1

Var Vi Idr Idi
D, 95.94% 95.81% 93.33% 96.03%
D, 76.60% 77.41% 75.56% 73.24%

® 32 bR 2 BOEARLEE
Table 3-2 Residual similarity of fault 2

Var Vi ldr igi
Dy 93.95% 94.35% 90.2% 94.99%
D, 73.89% 72.93% 74.39% 77.29%
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Var Vi gr igi
D, 98.84% 98.82% 99.56% 99.29%
D, 70.61% 71.47% 69.37% 69.48%
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2w 2 A (6-1), HAE I AMA R B V) FR .

Quiter T Qove —Que Qe 2AQ (6-1)
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T IET
2 2 N (6-2)1, HMTEIIAMEA R B RN

Qdc + Qac _inlter _QSVC 2 AQ (6'2)
6.3 {HEDH

6.3.1 AENKX RS

7t PSCAD/EMTDC H 42 P Ak i [X B2« KRR FT 916 P 42 EL I AR Gt 3k T A%
ot T MR, RERMEMIE 6 -4 s, HRRSE W LR EH
77 VA S RH 37 O ) kLT 005 H 0 s B A HEL R R P OUR WL 12 ik B 45 44
K HLI 8 E H 7178 3600 MW KELIZ L E KL &€ H 718 4400 MW, K
RARGSHUER 6-1 Frox, FEJ0 MR 158 AR FC 24 10 98 U 2% A1 I BBk H 25 48 175 I
oyl 6-2 f3K 6-3 Fios s

EEE o Hro-
Kt Q——— i
-0 B
o ]"\_’[ | A
s %@@ﬂﬂ ait] B 6%
21 =
s o | Bo
A
R4

6 = 4 “RUKATH IR X 22 B Ak 5 G st AL 45 4 ]
Fig. 6-4 Dagram of the wind-coal-bundle interconnected system with HVDC link model

®6-1 MARFRASH

Table 6-1 System parameters of the test system

RGSH A T AR )
R B R S R kY 800 800
IR B R G AL D) FIMW 4000 4000
Wi e 245 5 FEIMVA 1215 1129
i AR e 23 AE A2 L 750/171 518/160
AL i 2 I Pi/p.u. 0.2 0.19
AL AR G BE A LR KV 750 525
ARG R B IMVA 37184 41311
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R 6-2 B ANE A% A I L A A 22 R DL

Table 6-2 Install situations of the filter and shunt capacitor in rectifier side

B RN FLAHAL B T EEAMN
BP11/13 A&k &% 230 4
HP24/36 B &% 4% 230 4

HP3 ZY 8% &% 230 3
JEEL A A 270 5

K 6-3 1AL IR A% AN O I P A 2 B 22 B
Table 6-3 Install situations of the filter and shunt capacitor in inventer side

B R FAL2H %% B OE DA B E A
HP12/24 B8 4% 260 8
HP3 24 8 % &% 260 2
AR A 260 9

Pi B, B R G FE6 9k € D Sy S, AR 2R H R
] 58 FEL UL 28 ) SR, 00 U0 S P 4% ) A IS, [ T A A T A A B4y T A A FR
WA KA RS 7 2 RS ER S, B ER KH) R
FRD K VLA ks, EREmMEH 4% &R 270Mvar ) SVC &
R—HAHFEFERIFECR AL, SVC RN 750kV/35KV 178 [k 43Kk
{08

SVC K H & 6 - 3 From i) E LU h & W i #H] 5E0E . Qconstant=650: LG
DAMERE R T $E 805 SVC B i (0 AN 65 TG D) Dl 26 1in 1 428 o) SR, i ]
Qac=620, AQ=230; WiA{l Qac=445, AQ =230, &y A1 A5 M) & FH TG Th b
LG E BRI 25,

6.32 HELR

15 BB E KGR N KGR AE 11s F) 14s MXGE A E(E 11.5 m/s R3] 9.5
m/s, ZJGfE 16s F| 19s P XGEFF LA 2802 (8 X5 B X Th 3 e (E
3600MW F&A{% 3] 1980MW J b T+ 31 4 5E M .

JAFEL T 28 3% B IS L 2R G A i 00 A6 T Dy Z RN AR ) B AR 4 L s G 1] 6 - -
K16 - 6 o B A A BELR LR W] 6 - 7 B s SVC K T T Dh 2 ] 6 -
8 7R o

ELR R G AL o R R X B Th R ARt fE v, [ SVC BARE L Th b
PEAT G, WD AME RS E SR IR B R 6-4 iR
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Fig. 6-5 HVDC system active power fluctuation following wind power
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Fig. 6-6 DC voltage of HVDC system inverter side
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Fig. 6-7 AC voltage of converter bus at rectifier side
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K 6-4 HHIC D AMESE B 3 1E R
Table 6-4 Action times of conventional reactive power compensation device

i SvC #ar M SvC &R

HTC T A2

B EH A A (K)

ME 6 -5-156-8 Ll 6-4 ATLLEH, ME ARG K H E )26 5K,
SVC K H € ToTh U 2 o VR 42 i &, I 5 R FH W 4 o) 552 W6 1 5 R0 TG T k3% 2
BACA I, B R G E 1A DhITh R Ae s AR E X T R B, ki fE e, SVC
T MR B & BB R, FF 0] 800D & TG D fh 3% 256 B AR B &R G R B
JRHL T ZR % BN IR B A IRE, TR ] DR IE 4 i B R AS U H R R

6.4 ARE/NGE

X X 24 45 ) A 55 ) 326 i b X RO X RSB I XK IT A R X 2 LU AR
28 02K B [0 2 25 K R 1028 5 ) A7 A o T — XU AN IS T AR X, D A i s X X
LD R B e ¥ B 32 v L X, AT ST 1 E i AR SR B X D R BN B R St
JE DR AR SRS s LS LA G a1 D R ER B X R D SR sl i R v, el e
Tz B s E AN SVC B UK MUCIAMER B I U7 %, LA SVC M HLE
Ty Mz 2 B 22 1) AR B B 8 7% Al SRS

SEA VAL R KT IR BRI 28 B 2R Ge AN SE B TR, X 428 ) SRg 384T 1 05
Hotre D E MR, HO B R 5 T2 42 i SRS N, # B 3 BR) ns Ty 2%
A CAAR G ) R BE U B ) TR 8l (] SVC BAUR U DhAMER B, JFK
P HR ) SVC 3 Jo Th Ly 2 ip 8 125 fi] SR s LA 2 o R0 TG Th A 2 2 L 81 47 1) SR mes
A AE A AR BUAT BT T A A 2 S A 4 ) SRS R R 2 5 PR IIE ELIR &R S e i 4
THAER T Ih AL, SVC MV MU DA B A& B3, A3 R0 b FLJC Db
B B AN VE UKL, [N ORAIE H it B 28 i R AR E
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I EI ARG A AR IR . KEE R RIS, ERER RS HE R
JTZ N, AR B RGO B AR AR BRI T R G, (R E ARG 1
FELSZ 0 S B AT N IR 22, FRINE A H R G R K R
HLFER, BERAGMHERR AL, BAMIERRET ., Wik, 258K
ERF R NAZEL AR G IR S8 R DA B X L SR IR Bl R A5 1Y) L 7D BEER AR L i
PR AL IR OE T 2 MG RE L ] T B, v, ARSI B AR G2
D7 FONVELIR 2R 48 ) $2 1) SR et 19 7 1t A, A P s A A R B X B AR gt i A 0 31
o HL T LT L ) AR ST A B AR G 1) H - 2h S A IR A U EOT T O
FFRH TR RGN FEAT SR RS B B IE N A R, T H S
P AN A2 B B R G0 R S IR SCIR AT NG s Be Ak, WFIT 13 B X D R B
) ELIAL 28 G 1R S, DAL R g/ el R v LU AR 4 e L 1) I Th A 3 L Bl A
B T3 58 B b R 4% 1) MG o A SR 2 AT T AR A S5 T

DAL AR GEXS ARG DL T SN LR 2 G 40 a5 1 4 1k 1Y) B A 12 ksl HVDC
RGNS ERA . AR ZSH B BAR AL E L ) T R SR Y, AT
T A A A P AR A, IR BEAR A 0 U AR 22, A7 o3 A R AL U 2 1R AR Y
FRIRF R MRS A ST M (1 B AR e i % 0T 0 R BOBE Y, S 7 1 A ST Ui 2R G0 AR
THOLT , BESNL ELIA 28 Ge 4 70 & 18 B RF 1%k ) 54 12 ik 3 HVDC R4t sh &S AH &
R, AR e B B R G A . ELU R DL R AR ) R G Bl S A R
R, Rt Vs S MEEM N SR TR RN, Zah SRR R fe
il PR AT AP K BAR LG L A% 4 H B B A A g B 11, AR U e it 2 3 25
MEBA TR T, AR ER AR ARG INE T, BEEHR ARG
Uit a5 2T A gt 2 18] K1 R s A& R PR AR AR ELIRL AR Ge sl a8 R, BRI 1T IRl as
R S A BRI B AE M AE . 5% 7 Hi A SIS HER .

2) ZRAGARMEI T =S EiR RS =S ERE . RIEA 7
BT B B AR GE i a T % B0 AR B, 45 AU AR ST A R AR I 22 B AR S I I
BREE, AL 7@ TR AGAR RGO, BE BN EHRA SRS, H
Tk i A S A% i R G B R g = A S EA AL, IR0t iz =Mzh S B
R Jd # . T AR B, B AR G =M 3h A E AR Y BEAE {8 BRI 1
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SR L RAABOE AW B 4 =M sh SR B AR OL T, A R N AT AR A
X RRAR DL B R SIS AR 5 L SRR L, 07 FORS R RET 21 K
B, Bk 7RSS M B L BOTE A S ERE R . SR R T
HVDC % 4 20 45 A1 B s A i) 4 3

3) FHABTRENBENRAGHEE-ISHERG T ATEULZTERARS
WL -Zh S A R A0 H. ARIE S SR ARSI EE S AR, 2
TERAETRENB ARG T, AR TREMHEMERR, HRZR A
g f P LG SR B R -SSR G 0T 155, PR & 07 7 A A X k]
oy KA BAEROTEBAT 108, I LIS B R G B 0 1 I8 0 505 1 1 S
PLFE . /£ MATLAB iR scil 7 L HIR R A -3V S HER G TR, IS
HL TG B AR R LA SR EAT T X EE . XF LU AR B, BT R HH AR A 0 FLRE AE A
bl H B T A AR ] B 5 SR () LU AR e sl S M B AR R A SR P KA UL T
EAFRMRZERAGIE T, ARRMZHRAS WSS, Bk MRG0 R
(R IR PEATE R A B AR G & T TSI I R GRS I Rt T
HTH B

4) HeF B3E M PSS B RS R B RS RS . R
PP X B AR G0 COl SR {E AR AL, DAY X I8 COI S5 H A1 8 & 22 9 T AF Ty i il
F b, AP 2 285 T 2 A SR R 1 3 B 9% ) B R 1 REAL B R SR RIS AL RN
AR S HR 22 AN T PS5 R FIRZE 1N, 3T H 3E N 3h 2 1 P2 6] 10 B R 405 2
ThE SR SR o BLAGIE B 1 72 FT $R 42 ) SIS P ) T 2 B R G MAs e k. 12
PUBLPA X 3852 Bt Ik R 4t A 7 0 e i o D B0 R T, BT B 42 1) S e A
[t B A 2R G AN RIS AT RUB ARG 1 B & BRI & e 1, Az i ROR L T 5 T 4R
s HE B AN T SOD R B R R B AR G R B SCER AR A SRS . B, P iReE
i) SHES X A5 - IR A Lo (1 B R

5) B £ St HR B X H Dl 28 3 s 45 ) SRS A AL . R F B AR G ik T e R
AR FRVRE S5, T T O 24 46 g T 55 10038 i s X DR RIS XU R I I ST 4R BB 2
ELIL AR GEAME B W0 28 45 #4591 A AL IX — UL AMIE T O S, WA 22 B
UL A 98 3k A 2 1) SRS 1) A1 B T 8, RS 0 LU AR G R B XU D SR S Bl I LU R 4
ST AR AN s DA% I ] SRS N B & 4t 1 T 2 B BE X e ) 2 sl il A2
e, PR EE DI AME R B AR IR SVC BAUK MU TIAMA 3R B 7 %, LA
S SVC RVH RTG T Mo 2 B 22 18] ) AR EL B 8] 42 Al SRS

72 WMREE
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