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Abstract

At present, researches on optimal allocation of dynamic reactive power
compensation are all carried out under the background of AC power network, but the
influence of HVDC transmission project joining was not considered. And most of the
optimization methods obtain results from a certain perspective after linearization, or the
target were just to optimize the installation site. Those methods are specific and one-
sided. This paper focuses on the dynamic reactive power compensation to improve the
stability of AC-DC system under large disturbance. Combined with the topological
structure of the power network, the quasi-steady state characteristics of the AC-DC
system and the transient information of the system, a multi-stage dynamic reactive
power optimization method considering the characteristics of AC-DC power network
is proposed in this paper. The Multi-stage method includes the assessment of
correlation degree of node voltage stability, the severity of node voltage instability and
the improved sensitivity index. Each stage is conducive to the analysis of the next stage,
to finally obtain a better dynamic reactive power compensation configuration scheme.

Based on the voltage-reactive power sensitivity analysis of AC-DC system and the
HVDC operation characteristics, the correlation degree of node voltage stability is
evaluated. And a partition method for reactive power compensation configuration
considering the influence of DC power injects is proposed. Then, taking the
improvement of the system voltage stability under large disturbance as the guide, and
considering the failure of HVDC system commutation. the voltage variation in AC-DC
power network is analyzed. The trajectory violation integral is used to describe the
severity of node voltage instability. And a method to screen the serious fault sets which
lead to voltage drop is presented. On those basics. a multi-objective optimization model
for improving voltage stability and reducing economic cost is established. Furthermore,
the trajectory sensitivity index of voltage combined with the economic cost factor is
proposed as the objective of the optimization problem. After improving the empire
competition algorithm (ICA), an improved ICA algorithm-based optimization method
is proposed for the optimization problem. The effectiveness of the optimization method
is verified by calculation and simulation. which can provide a reference for the planning
of dynamic reactive power compensation in AC-DC power network.

Keywords: VAR compensation; AC/DC system: sensitivity analysis; critical failure
analysis; improved trajectory sensitivity index of voltage; Improved ICA algorithm
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(MR ERTT, FrEsss], WECRETERENEEFTENSE. FEE
HERBFEUENRBESTHINRIME, EHLR MR, Lkt
MEZHUNINE, BAKESRERE.

4. RANENERE

WHRGDSHRNEREIEFERER. TENEMTERG Y. BHE
BB EIARZIAME, AERSEENITERER, B RLRBERESE
RIEOL, IR (R WIS R AT 21 B RGUIRSE A T 12 58 B & ZE (I 1)
IR IR G R BT A 8] RGURES IR G IR A R RS, HERAMEERE
HE—EEE NS A Bk, #EMNREREHMIEHITEN, BERLERTL
BidE, A-EBEELERCERE, BORSRE (k) FRG RE.
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B2, FFERAMESRBER LI L E M BRI TRIE . Ak, . AETRIEH,
RAFE L3RI s M B Sh M e FG E AT

2.4 KEIPES

FEERAY FACTS AMER &M TR PHETR, 3 S A M2 XA i
FRERIBE TR, TS ERGESEIL TR, R Rg g SReit.
AT EEHETEERM, X PR R AEh A LI AME R % B R AR B Bk AT
TOHT, IR T ENEXIIAMEN AT ER S R . &, 2T 7SS TRMER
JLF R MIE AT E PR TRARRO R, 189 T R SR B DT AR A T



Sede i R R S

E3E ZETVLEEREXRKENXEREMSX

WA R R EY), N TEARSBANTSNTEHR AN, mREE
WARLIMEREMEESNER, WRINBKERS TR AESR, MH
HHEIEER. FHit, BN BMERHITON, NBEMAEKARAT, UE
R E LI AME WA R, X ERAMETE X, ELhMERE
B A, X, DMUBYSEFNEERDRFARMPOMBL KR, HTHE
BN EIAMERRRE SR, RSO TETRE.

ToohAb £ s L B B KR R AL ThR L B BRI, X T
BB RS, BAHRAERSENEN RRE N RGRERRORSENRE
i, REMBANEERERRBAERMER. AL, AEELEFHRBEST
XS 3 B BB AT A, A AETh S R T, FIRE T HEERRES
BT ERABMETTX.

3.1 RBESTIEL

LGRS, HBHREREMPRAN, REFRELER G HLER
SREBPEN, RENZEBMASRARRSZIMENRR, RRENRYE

FEFREIE Lo
REES TR EFEATUSA:
F(X,U)=0 (3-1)
Y =(X,U) (3-2)

EREFFEG-DABR L G REG- )T ERRE U RERMST, SHBRERES
8 M R E R R ERERE A NAGE-)FR.

X __dF ., dF
dU ~ dx' dU

, . (3-3)
dY  dG dF

— =] ]-'£+f‘l_(;_
dUu dx dx° dUu du
Hep, GRARdHE.

— R RBE TR — MER RS SEm H RN RS HEA B
FHRUHGUERRR R 7 ED T2 — 2R, R T ACRT DU SR DR
SEEH N REXN RAASHRMBIBERERE, A Lo —8 2 B R GRS
B8 RMBRERE, RELOHFFEREWBLRNSEN RFAER I H AKX
HIRZIA .
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ERFTERE BXREBANE UM RS, MRS EM SRS EH
IR SRS ENZN, X T AR E L EH KRR P MRETERERUX
ARG, AT AR AT iZoRES R B BRI LA RSt BT m R . X
ARG ZTHIRER T, A Histrx REE 5T REUEZD Y, AMERE
BHREE RO RERNE, T HREWHRR R ARG oA R 19 &

AR RBE SR T ERARM T ER AT RN B TE (s
) RAZAN, MEMBESE (V0L MR, Eoig RER
L, HHARRSEERTWLR, Hit P o MR E GENHE

3.2 EERIBRAREM S

BT M Z B R E TSR URAERSHEM L, PTUENATERRSR
B v LR R AT 04, S8 G NERNINEH, IR EERBANB RS
H I LTHRER Y = AR E RO R

TR E TR A E T 5, NG-4) AR REITR T I RR,

th%ﬁ%ﬁiﬂﬁé‘g—g A IR G-I, S A PV 3 RIS A

oP oP
AP | 36" aU™ |[ A6
_| 88" U (34)
AQ| | 90 a0 |laU
06" oU’
L” =-?QUI :UI(BII _g;-)Ul
au, U’
3 (3-5)
,=2.u ~U(B,cos6, -G, sin0 U
oU

!

MNTHERAR, BRMEGTEN:

O, =—P tang,+wBU;

32

U, =—nkU, cosaf—En,X,[d (3-6)
V4 Vs

A

X1,

r

J2kU,

cosp, =cosa —

L
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Hedu R Rt 22 AR X

R=P IR

Q =-Ptanp+oBU}

JUdi:inkU COS}’—inXiId (3-7)
T

COS Q. =COS ¥ — \/‘;}c]((jj
He, O O AR BRM A MR LI /1, Pl P oy Bl RSB
MRS ARG G ThH 1, L AERRG BRI, R NERRELEHME, UM
Ui 53 5 2~ BRI Al B M B 2R B, o FT @i 40 ) 3RS BE TR R0 3 2R (R Ty
REBA, nF o D HIRBBRMAS TR BN LD RR R
FAFIE BN R F A E R, o HERNAE A, y REBMBINH, X F X
43 12 7R BTN RO 38 2R ) e AR B L

G- MRG-NESH, ERAG L EHRBEIENGRR LB EFX,
ER st T BAFS B B L Th S e IR i) R Sk R an N (3-8) A -

30 _ oPW) dp(U) )
= oy U)o PU)+2BY (3-8)

Hep, QNBRB/BIIIES, PRERRKE NI, UNBRKBLBEE, o -
hEREM, B NALIFMERY.

B R RS- - BOVERMET R EH, B0 E BEEG, ERmERD)
RE5BRMGETRFEBEREXRRED, JUFTUZRAT: DERMAF, H
RE-DHG-B)HEFAIE:

90 .92 piry+ 28U
U

2 (3-9)
=-—(2c1<(c) +2B U_)_ 2P ZK(C)

Hep, c=—1, K)=—- >t . ‘
J2KU ©) (cosy —c) \/l —(cosy—c)*
#EANG-5FKG-9HBIXERBMNF ET ST B ER R BER:

?_Q’_:U'(B”_% + ] “« c:l_]éi)
o, v’ U P,

(3-10)

2Q——U(B cosd, —~ G, sing))
ou,

B, Ttri, jRFRTERS.
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321 DRHESEE

P T A 30 2 B GRAE B S A8 (1 A PR SR P AT I i 4% B0 o Th A M AT B ¢
TEThAME B % BN XS B P e B B A F B RIS T T DR M 4h 7e, i — P Y
SEIZR A MIE BRI RETN, NTima ) RaakREfi. HTEE
LA F] £ £ ) e o AR EL 2RI 5 2R, 19 810 AL P RS R ) 58 S R B PO 1 s A R £
SRR, SKIME W S BREREHKRERE. Bl TRYRENRHRLL G
B LR AR AL, T FLE XS JETh D R R U Al LUE . E— 5 47 B B L Thx
S REEERIPA RN SCRR[27)35 tH 45 & s X T ThDh 2 4 R AT LU BRAN ]
TABRHREEERE, LHE-11).

2~/ %
%, 99,
Her, ay RoRTm j B KA NRWH 5T 5 7 B EEAIH K R

AT RN B EAERRA T AR LEEAERE, AT ETHER, 2R
M R EHBESBEE d; A G-12)P17, ZHEAI R KR S R ERER
REKE -

)AU, =a,AU, (3-11)

d,=-lgle, -a,) (3-12)
R oy F a; PFRAEL/DS, SRR AN R A BRI B3
MEBSEEEMA dj, FASIRE S SRR 5k /N 3R B 7 s (8] 8 IR A B f2 mal F2
B, BH5EhraHbEERE S EMERE
TEBEMPE T SRIMESER, LB HESERARMERE D W
KG-13)FR, BR— DN HBE.

0 dl? dl/ dln
dll - - dl[ dm

D=\ . : (3-13)
d, - - d 0

322 XRERBRMYRXEX

B TRBITET S BERENXBREMNESEEBIrZ B, ENABSE
BEXTE M PR AT X ERE. HETN AN REEE T E/HEX L. LABKE
FEEHATRIS B, W K-Means Hik: S RBEXAE, 20 CURE(Clustering
Using Representatives); % T % &) 4, # DBSCAN(Density Based Spatial
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