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Abstract

Due to the reverse distribution of energy resources and load demand in my
country, the scale of DC external power reception in the east and central receiving
areas continues to grow. Flexible DC transmission technology has been widely used
in the field of offshore wind power long-distance transmission due to its advantages
of flexible control, no commutation failure, and static/dynamic reactive power
compensation. With the continuous promotion and application of flexible DC, the
study found that the maximum transmission capacity of flexible DC connected to the
receiving end grid is not only limited by the power transmission limit of the flexible
DC system itself, but also limited by the receiving end AC system. When the flexible
DC is connected, its interaction with the AC system and the nearby conventional DC
must be fully considered. In order to enable the receiving end grid to effectively
accept the flexible DC, it is necessary to accurately analyze the carrying capacity of
the power grid on the flexible DC, especially the influence of the reactive power
compensation device on the flexible direct bearing capacity of the receiving end grid,
and perform dynamic reactive power compensation of the receiving end grid.
Optimization to avoid the problem of flexible DC "can't send, can't drop". This paper
focuses on the research on the flexible DC carrying capacity of the receiving-end
power grid, and combines the characteristics that dynamic reactive power
compensation equipment can improve the transient voltage stability of the
receiving-end power grid and the influence of STATCOM on the flexible DC carrying
capacity of the receiving-end power grid. The dynamic compensation and optimal
configuration scheme of the flexible and direct bearing capacity of the power grid,
the main work is as follows:

First, based on the MMC-HVDC steady-state phasor model, equivalent
processing is performed on the receiving-end power grid containing STATCOM and
conventional DC, and the access capacity of STATCOM is continuously changed to
solve the maximum transmission power of the flexible DC in steady state. The
calculation analysis proves the influence of STATCOM on the maximum transmission
power of the flexible DC, and at the same time proves the feasibility of performing
equivalent processing on the receiving end power grid to solve the limit transmission
power under the steady state of MMC-HVDC;

Secondly, the voltage sag index is used to describe the instability severity of the
node voltage, and the severe fault sets are screened. With the optimization goal of
improving the voltage stability of the receiving end grid and reducing the
construction cost, a dynamic reactive power compensation optimization model
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considering the flexible DC carrying capacity is established. The flexible direct entry
point optimization and the dynamic reactive power compensation device
configuration optimization are carried out step by step. On the premise that the
flexible DC carrying capacity of the receiving end power grid can meet the planning
requirements, the optimal solution of the configuration scheme is found with the help
of the optimization algorithm and the method of local traversal.

Finally, comparing the effectiveness of the optimization results of reactive
power compensation, and verifying the flexible DC recovery characteristics under
transient conditions, the optimal configuration of reactive power compensation that
comprehensively considers the voltage stability, economy and flexible DC carrying
capacity characteristics of the receiving end grid is proposed.

Establish a dynamic reactive power compensation optimization scheme
considering the flexible DC carrying capacity, rationally plan the flexible DC access
scheme, and give full play to the role of the dynamic reactive power compensation
device. The planning and construction of power grids are of great significance.

Keywords: Dynamic reactive power compensation optimization, MMC-HVDC,

Receiving power grid, Carrying capacity, World Cup optimization algorithm
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0.75 3.534268 3.051301 2.649277 2.335032 2.116423
0.8 3.52427 3.043578 2.643224 2.330589 2.114258
0.85 3.511403 3.033295 2.634719 2.323687 2.109652
0.9 3.494619 3.019418 2.622636 2.313023 2.101085

Bt R 2-10 LRI, 7E STATCOM A S5, AFEIEHIZ T B MMC-HVDC
ZimAE MR LB R A E, THATE MMC-HVDC Ml B EEHE KT
1B, BEASAE ROhIR R S un RS L
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AL T RFEF AR
e ————————————————————————————————

SCR

2-19 523 B M S5 R0 B% L SCReq

TR 2.2 WETEIL MR R, KABEE RS R Lo HUE YO FH DR Faw HIHE S
PREI T B Pemaxo 5 € LB IEHI 77 30T 09K M7 K AL, wE 2-20 Fiow,
AT STATCOM MI#EN S 4, &£ LEVEVEREARE M, BT M KBUER
#l, FAEFTE LEEEHEER, AR LA TS AR LLIRIEAT Iy & K E 2 H]
THE 221, TURREARVBEREHETSEFRAAERNES, RGHEE
STATCOM N Sk, TREZESR.

B 2-20 AR T RIE S Me

K iR
/s

&

B 221 FTHTH L& XEETEE
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AL AR LR

£ LBBETEE W, K% MMC-HVDC #aE 3B S 24| T8 2-22, NEF
ATLAEI, STEA KT 0, &5&A LH TR P, #mizkE MMC-HVDC Frig
1A BT R AEHR R -

! /.

B 2-22 1 FIEE LB N MMC-HVDC fa B H#E S

d ! /
2-23 Iy BYIUE TE B 8 MMC-HVDC £ 51 I P,

MR S L KT 0, FHik PR I RKAMIE R, Wl 223, 7
L BUE 76 Bl 9 MMC-HVDC 155 3h 2 P. & K {E B0 A MMC-HVDC H Ih R & ik
R, @ 2-24. F 2-11 fi/R, B8 MMC-HVDC 7£ STATCOM AR &,
ANEEHE T HRIBERIIE.

B 2-24 AANET TR T E MMC-HVDC # R 58I I Peomax
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b A RFR 2RI

£ 2-11 NAZEAT LA TE MMC-HVDC #BEAAE L Pemax

\U'\ 1.1 1.05 1 0.95 0.9

0.1 1.0290 1.7500 2.4415 2.2950 2.1675
0.15 1.0290 1.7700 2.4415 2.2500 2.1335
0.2 1.0395 1.7700 2.4225 2.2320 2.1165
0.25 1.0500 1.7800 2.3655 2.2140 2.0910
0.3 1.0500 1.7900 2.3180 2.1960 2.0825
0.35 1.0605 1.7900 2.3085 2.1870 2.0740
0.4 1.0605 1.7900 2.2990 2.1870 2.0740
0.45 1.0710 1.8000 2.2990 2.2320 2.0655
0.5 1.0710 1.8000 2.3085 2.1870 2.0740
0.55 1.0815 1.8100 2.3750 2.1960 2.1080
0.6 1.0815 1.8100 2.3085 2.1960 2.0740
0.65 1.0815 1.8100 2.3655 2.1960 2.0825
0.7 1.0920 1.8100 2.3275 2.2140 2.0910
0.75 1.0920 1.8100 2.3560 2.2230 2.1080
0.8 1.0920 1.8200 2.3750 2.2770 2.1250
0.85 1.1025 1.8200 2.4035 2.2860 2.1590
0.9 1.1025 1.8100 2.4795 2.3310 2.2015

IR 2-11 F Poomex BT R ATULRRE RIL, 1 38T HL E 6] 7 =X
T, YR EBEFESHIE 1K, MMC-HVDC Ttk B EmmR R R, MEH
EREHEE, FERAD; EEXTRBERGFTRT, EXRMBEHBEXT
1 i, MMC-HVDC REhRAHMBFELME R EZRIAS L Me, TEX
MEAEMTF 1 B, MMC-HVDC A EAMMBWEIELTMEA XL
MMC-HVDC B2 4|23 /R1&; STATCOM HHEA AL 4% MMC-HVDC ##a
AT RAL TR R =4

#% MMC-HVDC #EAH /T STATCCOM 52 I FEL T Be48 B8 19 | K155
EFTR 2-12. F 2-13. BEXNHSHTLUEI, £ STATCOM #ENJF
MMC-HVDC M£ERBRBAERRKN DT, ESH TR THEENNER
MMC-HVDC f1& 5 Th %R .

2 2-12 AT STATCOM B3 B T I Poomax

U, 1.1 1.05 1 0.95 0.9
Ic_max 0.4095 1.070 1.4175 1.659 1.89
14_max 0.4 1.02 1.35 1.59 1.80
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fedh e AR 2R3

£ 2-13 FEAFH STATCOM 5% 38 8. T fY Pemax

U, 1.1 1.05 1 0.95 0.9
Pc_max 1.1025 1.8200 2.4795 2.3110 2.2015
14 max 1.06 1.83 2.62 2.60 2.60

243 RETFYRE R BEERITLE

Wit b7 AN [E 35 80 5 2T STATCOM 2 A\ 523 #5 M j§ MMC-HVDC (%8
BIRERR AT UBF R LT 4%

(X FEBRRRZimE R, B2 EMERERILNELT, 6k
I F P S MO R g 4 B 05 v R i MMC-HVDC BIFa S THEEMRE, HhkE
F AT A W] 33447 2 R0 AR 38 1 52 0 FEL Y

QEABE M 7R T, STATCOM # A 2 P fE 5 H M H 1R &
MMC-HVDC ¥R B ERRIR .

2.5 &PE STATCOM X R EIhE Pk 8 B2

BT =F X REEMNT R, IEPATE STATCOM BEANEXH T, BH
AR FF MMC-HVDC RO Th 2R A& 5 % IR 3 W FR 25 50 A 5 B 52 o ol (R S5 R b 38
HIERA M. AR 2.3 TR SEE, £REIRGARSEEBHE
HEH T, Sttt STATCOM Rt SR B D R K & 520 .

$01 ﬂ
| JCSTATCOM 3 A 1400

— — HSTATCOMIE A ISTATCOMEL A

200 1200
1000 v \
e 2 S eSS = N, e
| " 800 |

800 bl

85 90 9.5 7.5 8.0 8.5

P/MW
P/MW

t/'s s
(a)7E ToIh oh Ze 42 il (b)7E A it H 4% |

B 2-25 STATCOM & L B M i
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Ao T RE LA

MW

PAVW

(a)iE o Th F 1% il (b)TE 22 ¥t B s 42 il
2-26 STATCOM #: A\ MMC-HVDC [fif

Wi 2-25 1l 2-26 Fias, HEAHEMBASLURZEMARZEH TAT,
STATCOM W #EENEREfE MMC-HVDC fEEME/E UL ERINEE R E e, FE
MMC-HVDC 7E i [ T RIS RIRE MR .

2.6 RE/NEE

(WAFEMET&H MMC-HVDC. LCC-HVDC, STATCOM Ll LKA A 4
() U0 i fL P, JF 45 & MMC-HVDC %5 %045 B F 52 s o R0 A0 25 R8BSR fR
MMC-HVDC HIfaSThEREMERRIR, UFBRMNKRE T EER FIEM T ES844EP
Sy . BT 3T STATCOM #: ARl f§ MMC-HVDC KD 2R LKk R, k8
STATCOM (8 NG A JUARFE A R 7 2T 0 MMC-HVDC /&£ 58 .

Q)& EREHRE, JTF MMC-HVDC BN, 5 552 o o W 1 45
RMHELBE L SCReq LA K Zim B M S AL {H, BL& MMC-HVDC RIS RY, R
Al K AEH MMC-HVDC Rtk B IR, X5 2252 b s M ThAME R ALt
FEH 2o M ABRE KR AREER .

QYR ZF/NTUE, ARAZHm BT REERARE S, TLHEFHT
STATCOM MIELE .
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b R LA 1R

FIFE FEREMERATENNBTLTNAMENLERE

3.1 5|8

W 2 BT 50IE, IE STATCOM ANV A Ak % 32 T+ 52 5% e W 14
HERENE, CRBRERAZMEENVRBERMES.

AEKRWBEZEREERABBE IS EIAMERAOER, BAHEXNT
UEMSISEAMERAER, ERIXGHZEETRERSEEFZEE
REOBANUEZHERBAGEREHEAR TR E, ERAZHEMNEE
REMANEN, RAZMERORBERE ), RIEZREMETERASGE
WEXEMBENTE.

3.2 IS TIAMEM AL AREL

AT BB T T # R ALK RE 73 IS AT Ah

B—H, FUHERBEAAER. EBMZmENRET, ERHBEE
MEREEREANSR, RORKERMEERNLIRYE, AEEREERBEAGR
MRS T T RIEEROARE S, ERRENKEERBAL, IRK
R I 49 T 2 M2 A P B B e

B8, AFRMERBEASHEUS, NRZmEMOESETRRITHEL
ThAMER B ROk . 2 58 o0 B ik P % 52 i v Y R S R R M ORI LA R Bh A TR T
EEEXN T RIEERABEANIE, &2 BMNRAREERAEE
WEMRIFTREAEELAR, LTAREHSITEMEREE IR

ATENSEIIERENEERKRENSE, ERSAKESEERE
WA RE B AE BT MERENRBRAAFRE, RIIZLIDAHEMR
WEEMAT M, FHREIFEHMENRAERENE — B IR =&,
M2 —AN% BiRu i E. HalERSMERL RS RTERRETE, #&
MEBE P TR A EAWRNTTERNE G F BT BP0, mE AR 7T
T, ARATEUERTREREME— Bk E, RRERER; &
R TREAMMATTE, EHGCHERE 1%, BREEFEE-ETE, §
WEMRERNERNE. Bkt TZERNAERERE, BaliiR AR TMT
=

=K

A5 g 32 3 mE R T SR A EL R B AR B BE 77 UL K B 52 i R Y R TR R E 1 SE
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b ARFT LA

W, WREHSEUIMER B E AN EZ B M SRR L U R EFRME
HABIESFNEES, RANSESNSEIMENLI NS, BFFANES
TIh#ME v % STATCOM BT E, B L HIRMAHIERE . LK
MR L, REMDE, HEESEREEFR RIS LINMERE W
RAE B R ERE R, BRI AL A E 7 AR T 5 v o Y A R AR T
LR O 52 0 e R SR EL AR BBE 05 T R Rt

3.2.1 BERFEABEINS B HERE

Z B BFEMRAL B (Multi-objective Optimization Problem, MOP) #1132
BERFEZEADNLULBIARRE, EAXHTTEEWRNIS TN
BRENEY, FEEZEINSEUMAEGSERA TN THERENERAER,
ELIIAMERL B MR RFA, M HEEEE S M T R ERN AL
Nk, FERETEREEREFNTESHE.

AEREINZ BENAURAERER - EHRE, B8Rz EERE
FHREZHRE, - EREENRERACSSEHMBERE TS, SEmeEs
BAWRARERE. Glns)RLIMEREZEW M BE JNRE TN
MR EE, ERERBENARAMIERLFEREFMEREZE. ANBTEIF
S5HRZANEERMA—, WG EET A LAE Y RA— LR R
HEBEBERNE Lz —, FHBRHES I 2 BiniiibEERET ARMK.

Z BRI RBITE—REUT UM (1) £ ERESMRALEED,
RIFEAR ALK AR 2 BT R I SFERR AL 5 228 2 B dn AL B 4b o B B AR 4L i 53,
FEREZ BRI AN EHITELSHIAE, BFERARENL. Fo0ik.
AL atan RBHEFERITEERNL: Q) ERFEBRRBNRNMER
MEEEEE, AREARABERMATEREEEFH T RIENZMLMBE: (3)
g LAmMERE, EEELBETEEARRE, HARAERERRERR
RN, BHAEAAREREBRBEHETHMNIARETR, ZHEARBT &
ITES FR/EME.

KRB ELIMER ML E TERELREARLAR, GFEZHT
MEMNKREFEHAR. KEIETHHMSARUEEHIMENFTEA RS,
5HFE, STATCOM MAEURZHRABHETRYTE, FhZHEET
—MIEERNEGBRELERHMATE . EERAEFANTENRILERRERE,
ZFMEERBTRRENKEILRE, FNEEMEEZNE A, STFHRMEE
REHMNREABEEFBRENEA, RN TEHEUENRIMEEE, &
FEXT BB A B AR AR
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LA VAP N 2 e e S VA9

SEL STATCOM MM ER M, BHHRFE T ## STATCOM W LIEEH.
STATCOM HF— M KRAERMHRESMETHERIBRBNRKERSE,
RSB AT EREAZRRS, WK 3-1 iR, VaRERREGREHRE, V
BB BHBWBEE, I 2HRRNELRIA STATCOM MHER, jXa RN
STATCOM 5 B/ 2 [AE# HHl, Ui R STATCOM Bt il i i 25 B R (431,

/ U —]
(I | i Sgﬁf v
o et JX T
/

|
STATCOM

& 3-1 STATCOM fifk %Y

RIEEE 2 TX STATCOM SRR AT %1, STATCOM X H %E H [ 35 i
3, EEEAT LA STATCOM EM Al HIEIRE, RAEFMEHEKWHER.
% STATCOM B& B E KT REBEREFE, M\AES A STATCOM FHA KR
FAMIRERT RS HEE—EMAE, STATCOM TIYEERMEX, it t,
%4 STATCOM B4 HE/NTF RABEKE %, MARSA STATCOM i AT B
MG REHRE—ERNAE, STATCOM TIEERMEX, fHHAMK L)
% STATCOM B4 H K% T ARG B ERIE &, STATCOM AN | RGH LI # .
I3 STATCOM yE N5 H175 s B IR E , U STATCOM {1l %) SE B B R A8 B
Us ARG M 61 S A sEPr i K8 {E, kA STATCOM EAN RS AT
S=U:l, HENMMEIIRT LA STATCOM HIEEPL

BAORZBITEEREFHINESHRFTERNN G-DIFFR, HF x RFEGH0R
SEE, yRTRAGHRHBEE.

%x; = w(x, y)

g(x,y)=0 (3-1)
h(x)<0
Mo TREETEAEEZEHRESAN K BIEEITRE. BERSGEN &S
. BARSGREEERERE. FIERMEIELE. STATCOM #iHiFH
HETE. REERBEHRENISEREULERERMONESTIESE, ERAK
BIEENREME TR, REIFEHEIRENBSAAPELIE. FEX4Ra
BRENAEDEDE AW ETR, FOEAFHETR, &BHEhEN L
R, RHEFROREIRRS . FHERORETHRES . REEFR/ENER
P 28R LL M STATCOM A K ELRE R HI%.
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LSl AN 2 e L VA7

EREMRACBFAEL, IEXIMERBFERSTZEINTILIHMZ
FEXNHERENRANE, AMESHIETLCIMERBENRAERBELULSE 2
FHEH MBS TO T AME 3 B X 5t L X AR B BE T R TR B . BRI E X Bh AR
DMz de B gt AT IR AL B, EENENE& o Dh aME SR B X B R R 8 R R
BNASTT I AMERL B M2 5% DL 52 s L NN R B AR S BE 1 =N AR ik
ERRER

1. Hfr—: Sumd P kRe R ee

BRAZmEMNPBEEREERISENIMERBEBEANENMZ ERFTENT
fe, MEAZEEFEEENHE, HXTACKW AR HELTHhM2E
ENEBEASULBEANEERSNEREARNERTERKEW, FHEFENBEAN
HENEMMUEFTRE, EEERNTR. REFHPNHESRAR, TEX
i EN LB EHITRE, BIESEE MU TR RAR KK E X,
— R FEEEWER R A TR BRI e bR B
FiaEE#T R ES T, MPUTERGERIR (trajectory sensitivity index, TSI)
[4410

B8 R R R B S B R B R A R R R R R E,  BIE R
CRIEAENZINESEEEHSTEN. BRAESKNESILEY, FEXE
SKRE P I TR) (R B DA B i B R B AR, T A CE B PSD-BPA #EAT {5 B R A
HEHE, ERENASHENP K-, MEXFHZPNESA 1. FTH
MiE, AT EHFEMSEEREE, R S500kv BENEESHRE, HEE
BE—H, HUSENEBHEA 1. BEHEN TRIGEMKERERS—E
B, FEHENTEMEZRRA, FTRSSBARG AR, HEAXFENT
WM ERERITEEN T EARHEIIELINIMER L E TG H,
B 50 B A0 T R B SR A DA B B B R e AR A T B

2. Bz LOMEREL T RAE

PMALMERNUEEN FERBRRES RERERENE, HEA>TED
WEEBNEEN — B2 EBERNETFTRA. BE R, ZEDNSLEIHIME
BEPEFRAMESENE K, @A, WEMAMERENEE
HHRBERAANREERE.

3. BHiF=: REERAZBEIAR

T BB N 5% i B B > HH 3052 g L D SR B R 2 BE 1 A RE SE & R LR
FORAIE, BiEE 2 ZENTARN, ZIENMREERASRR IS ZHE
M &ELAMERE MR E T X, R LIMER BRI ES, BINEE
TIMERE B X B MR E AR N 5NN T MER AL AL,
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b AR FEBR A8

AR HMRULE LIRS ERBEANZ I B WA EM E3HT, FtELD)
IMEZRTREN R EROEN ST RAE. EREEARUTEF, HEE
FERFMELIRN, BIHRERLN THREREMNRITES . RETIhME
R RERAR], FEREENAR R 32 b 5 P X SR BRI R 868 /1K
ZIRALE, BEZFERLIAMELIA TR B A R AL .

3.2.2 FMERBEANARNS LI EE B IR

FHERAGERAREABWBENRETRBRENREMEARA, HEE
ZMEERBBARIAAEEREAN, BHCEASHREERB BT RE
B HE R A . B AT E A A A2 3 7R Q0 AT AR IE SR M B M R AR RE B AT BL R
MAEEFEME T RETE, ERRARNIEEREERNBNATETE
AL, FREMERFMNARERATR, SBEBREMLUREAZSKE
BHEIFARNARD . REERFMASAFTELABEREERNRZ R EMNZ
R, AN FELZBZRETHAREERME R Rin b M58 E
REERIEREREIZT . RUEERYEMAX Z 45BN m. TohmiEx T
MG AU R B RS BETMEF S RE. R 2w EM Rt E
MINFHERILR, R T 2B RN REERAREONPME %, HEE
ST R ELRTE 32 o i PR R X T R i AR E MR R T R, R HRE
ERREERBEANT R,

RUEERERRANAT RO T

(B RERSEMESSHAZIREMENMALS S, WAREEANTER
HNER, QEREFELTEMNEMPTHITHESE, AFRAHEESFRILE =
O . N-2 8RR DA R B A e PR (R RS (B)FE AT AT B4R T b AT i F=
HHE, BIERESEEYR UL TS BERERF TVDL #HT/™EH
MR M IRIE (MM\ERFHIMLFT R, FlnBECEMBEAT RS, WHEE
BEEFR: GOEFRRETRTHTRINER.

WA 3-2 fi, TEEAMUCLEERESRETZR . S5t %K
HRETTERRAB IR, RAORCEREERTISCERIRFNRAEE
TS B (55 K T0 Tt 24 AR LA R 52 v v O Y SR EL AR B RE 0 R 5 0 R IR R R 0
RAR, RARMNAFREARBR A ERAMTRZAET —ENER, BAWH
BB E R ETIBUMA B B ir T .
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HJe B ARFP L F MR

T PR g ey
[ ; ]
PR G UL . =
— - tRALE b
< S N 4 S e e 225 T
¢ RAREZMERE
R ). TR
et N §j> e e B s
I oY
7 e} O AR 2 I A
AL BT 7 2 i 2 B 95k
e N B
[ 5% i HEL 1Y

B 32 FUEERENMULRE

REAFAEMAGEMEEERGETHRCRE - ENMAE, FRES
MESZBHERALERBHRRES. BB ERESEMNEXIRHETRT
(EH, (52 2 ERUIREX (15 B RO S5 K0 & 28 7 ARG [R) B 3 SR B 1y Bt LR
LREEMNESHEERETRESWAHENS. SR ERER
ARG EEM B EREEN TR —, RBEEMEEBE KRB EANTD
CAG 3 L X R TE DD s A 5 A1, FRATE FR I L IR O AR 52 1

EESLHMMEREL, METANMEERUESSLIMERH N EE
R E, TIhaMEde g R M2 p R 1T . B M E E ik
RAEBMESRY R, BTN ARNEEREEERESEER, ETHEER
EMRPEI ABSHERERFNETSHERERFERNTE. HEGHRE
g, TEERTHSEEREME, HHEE SRR B R R UL B R 5
W, BEMBSRERELRCEfiEERMBEESNRERE, RIEE
MESREREERATIIAMNNEZRN. BESEEREARIFEER
KRG BRIV RIEWL L 4RI ARSI, R B RMI%, HEfkE
S EBRFRERIE. HBOEITES.

HlE A2 E BB A2 R BRI BN HXTTARE, Atk
TEMARTUSARPRE: —KBTRARXEERES, SIEHEEEY. &
FRHEEPCIMBREHEPIE, B-RETRMEAER, SHREAERL. L
PERIR] . IRELRIR R B F L SR L, BRI A A AR R BEE
SR AEE LML S ESNSRINAMERALTIHZ B+ 2T ZRIRH. B XK
HEEHEMER, SRR EEEREAER, ERMAMIFECHEEERY
FYRLARAEE T, HMAEFRESHBEHUMENORETEROEA, 28T
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| AP N 22 e e S TR7198

— _  _  __ _ _  __ _ ____ ___ ___ _ _ ____ ________ __ _ _ ______ _ _____ ___ __ ___________
BB ARESE. AHAATERSHEEFEERAFEZ I EM B ERE
PEFIEC B A M AR, P& R RE L TL S X il B SR HE AT SR

HalH AN SRR ESEEFOBESRERERR. TS aRBRA
G R EHBEPLERGESE. ISR AL EEF TR
o RE AT E A B ERE R VR, R LR T AR A SR Bl R R Y
RipEnt, ETHLRGUET NS RERTHMREN, KB, &K
SCIRH T BB R MOFEE A RIERERER, HFRE T RERBRAZRIESL
ThiMEREIE B BT .

A LI E RIS R LT BRI T

(DERERSERSZRAZREMENAE S, WRREZANZER
FAE R, QUIEEAZERE MR AT RS, SRR SRR =M
PR . N-2 LA R ERERM SRR RS, Q)EATWFRE T HITHEN
B, B k@A EEREAHESBEBRERR TVDI #H7 ™ Hil R
ik OWIRBESHERE, ISREEMTAMETE G GO FAT 154
EARAENNSLEMERE, #TERBRETHNESAE, HiExTHE
BHE: 6)RMEIAEIR, EEREMETR,

WA 3-8 FiR, BhATIHE BRI AR E RN G K32 B My 2
w, EREBENEXHET R EEANSHERENAL, DRFEERENE, &
REBERANRILE R, ARFHEIE FACTS REMNEERN. ZimBEMIE
ITSHAR. FEMTISHEEE LR LK 52 v i P AR S BE /13 2 R 72 R 4
R

2 N2 LI Y A2 i L)

I

REAERTS

A THECE Ty % o L R i AR Tl 0
K CUERBUE)D
! SRR
- AL
LR WAE V61 >j> FACTS%: B 75 B K
I R IET S AR
ZME BRI T 3R IR
e o il
L 4f i B i g S e e
WARE TR 3 B P AR B HLRE D0
T BRI R LR (i
250

BAZEMERIT ST
THECHE B e R L

B 3-3 EIAMEEAHRER
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S DN T e 1A DS

3.23 ZEERBAULSNSEAMER EHER
3.2.3.1 EHERBAMALEE

HMNESEZMEE, SHHENTEEERUA TS 8, ARFHHER
F RS B AR RN, WEXNAFSERITRES . BT IEME
fri iRl & o BB ME S E R, ERNIE SRS HTER. BEmE
e £ 11 i 0 DA B AS [R) 4 B O A B 2 A AT BASE IO AT S ik, SR m Ry
AET 1

HEl, EASEEEELREEGIT TS 8RR R W™ E
BE, BB - EBERBERRNTREEFHENX S E. AXHLE
AHEERBRARREREY), FHESHEEBERIR TVDI(Transient voltage drop
indicator)H A B [E R AS ™ EIERE .

U

B 3-4 TVDI =& &

TVDI P R AERE R T
TVDI=S, x p, (3-2)
S, _—ZZZAV (Hat (3-3)
k=l i=]l j=1
_ Vi,V Vi <V
AV (t kit TR r el Lt 3-4
k() {0 V;IlZVI e[s e] ( )

A S——#EPEESERSHEENRIIE:
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b B ARFBEF AR

n——&5 T 5
r—— MR PIRR B S R AP K3

p——k TR R AR

Vi —— R EkET i WAE 2 EEME;

Vo'——i T S aSmEE;

AVi(O)——k&BET i 7587 ¢ B2 R BRI

ts—— TR BB LT R B 1] 5

te—— P B RAT ],

TVD] B KIFHERES RGN BEEREEGEBRR, ¥ N FETH
TVDI E#THF, R TVDI B R FIERIE /™ E i . AR A ik ar B
KAKBAREUKTEE, BREITEEE.

ERBERBEAMMAS, TEZEREAN TR M EEREENR M
PLE Zim B S TR ER ARG 7, HHEFRREEHEL TRI:

(1) FEHEHNEERBEZEIEE TSI

'my=§mi(

= i=1

30U, (1.0, + AO ey ) U (tk,Qo)j 3-5)

Rt AQume——FREER N RENEIEANE
N—— TR EE K
Ne—— T EHRERE;
Un——i 1 57 [ 3% F R REE
W IR ERERE, HETERLNAEG-6):
TSL——j W RERSEHA RN HfUG KL RBUE BT
_ TVDI, —-min(TVDI)
""" max (TVDI)-min(TVDI)
£ =TSI, (3-7)
(2) ZHEMEEERAREETR
XM REERA RN AELFHIREEALIET 2EEARBAA
mRAENE, B G-HRTRERS T THMEIERBREMNEZ /KE
BENENGMAZ BfrR AT . HRETHREDRERBIRELTR,
T 4 DA B 2R AR AR I B RY
Jpmm (= Foy) (3-8)
REMERIEE S 0 EZ A B FRO9 SR B X 52 i L ) B4 2 2 1 193RIt
F MR EENLL EIRA:
foe =arctan(f)* 2/ x) 3-9)

(3-6)
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Hedhm IR EFM L2 AR

g5 6 HL ) BB AT 29 SRR 32 3 B O 0 3 B R AR B RE 0 49 TR OL 58 B R 32 0 HRL
MEREEANNAER .
max f, =arctan(f))*(2/x))
h(x)<0
g(x,y)=0

F ax, st 2 PPLAN

m

F, max,dy 2 P PLAN

Qi < Onex
A P, —FEABRES GIFREMETE;
P ——REABBES (BAEEETE);
Py ——BERAKZERANE;

BRI B 2w X L E R AR B R DA, KA T R AT A,
LBEFEINIE, MABREEY RN ER. Hik, FESIEENNT
AT E BRI AR B, RIGEM atan BEVE ST . TR 52 i H Y
FEBANMUERRRIT:

max f, . = (arctan(f;)+arctan(f,))*(2/ x)
h(x)<0
g(x,y)=0

Pmax,st 2 PLAN
F, ax,dy 2 h PLAN

(3-10)

(3-11)

m:

Qi = Ornax
EXFmAEl R, —RERBAKRIERY.

3.2.3.2 IS ES L ER

— R Z BB S K B RR AT AR, KERRHEIA
AEARBEEMRLABAGE—, FHEAESF R RSB mAUIT ST E . 3)
LRI ERUTFROIN NN E TR, — PRSI EREN TR E
P ER BRI SR, SRS EREIMEFEER, B
EANB LI ERNA, EEME RSN AER MmN, ERE%
BRSO MENEZ BRSNS Zim B M B ER e, HAXRHERTT
FRBERERAMEM EMALF A REOSSE REERTFRE, HHRL
MEMNLZ B R ER M R BRNILRE. HEREEREA T ZHRL, &
ALK R REFF TR, BARRARERmT:

(1) BHEBERERBEIEIR TSI
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Tmfghiigmxmg+Mamm%MAm@ﬂ (-12)

=1 \ k=

RHF  AQracts——BIELINIMEXT REH B TIENE
f,=TSI, (3-13)
(2) ZFHIER
R 3E SCHR[SSIRISCHR[S6IRI N A, #ESL STATCOM MIAF LB R R:

f,=0.Cri 5y (3-14)
i=1

C, =0.00378s2 —3.84426s, +1604.988 (3-15)
Xt C——RUIMERBRMNBFEMH, CrATEREXLK (3-15);
s, LIFMERBELRERE.

EHS T ERAEENERE S, BRI LLERRA max(h, A1), &
AR 3-16), EUEIETE B E X im B MEEREEE IR
MERERAER, X G-INR, EFETMERAEES, BERZ
v L X e L AR B RE T R R R RAE AR KA, MBI E 2
F.

tacrs = arctan(f,y+arctan(1/ f,)]*(2/ z) (3-16)

max f;,.c = (arctan( f|) +arctan( f,))*(2/ 7)
h(x)<0
glx,y)=0
P

max, s/ Z PLAN
P, 2 P, PLAN

max,dy =

Qd < Qmax

324 REERMNARG LB E UARBANMUIIRGE

Hart FRERGERFONAE, BRMEERE T0AESIER. 23X
FMANBETSHERGREFRYRELRE, X EREHAT R EE IR
i Bis, MEBRABRESTESHEIER, EEIFHRIBEMNREN
%

Wi 3-5 A3 LA PSD-BPA AT H#HTECE HF RN G EITE, KR4
#% MATLAB #THhALieirit 8, FMEFRAHFLFER, WX HRE FE#
TN, ERNIEEEFERMNER.

(3-17)
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B35 Bl EcHERE
3.3 KRB/

(DAZNFEENG A T7 X 5 b e W R B ARG 11T e .

QAZEBENTHSELRFEBEAN AU R EL MR B LE
BEHR R DL R SCIL T k. EREBAARAAE R, ZRRENBMEBEERE
PR TTRR LA & 2 s W T R E R AR/, EMEFRPIRBEREAN
HE. EBEANARAEBERE, ROFERINELIIAMEIS i B W B ERE
MR FHER . TCThAMEEE B S B i) 73 UL B 5% i BE P X 2 v B IR B AR R
AAE, EEENREZECEARTIN, KASENNELIMEELRE
£

(3) TEMALBISEIM G, 32 MATLAB 5 PSD-BPA AHEC & #8253k 4T %
P46 SR B 1 52 B .
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R R RELM AR L aME E R ERT TRl BE 7008
DL ERY, BEBCRAEMEEREL, JCRRIFE ERBEHEE
KRt — BN, MRS E PR, ACERBITIEANRIZ R
THMABERENMEAMAES, HEREMUFTREEN 4000MW.

42 I8 EXBIFIENZIRE M TTIhEMER RLIEEH
4.2.1 mEIHEETRE

RE (RN RAEZEREFN) WAR, REERTREREFAN, &
B 28 Y 038 FE AR P MR BV B0 T )

(D)X T H HUAZ L B P O PR IS B % a) X T XN [BI B % [al £ B | 31 W £ 2%
R DLZE B B9 = M SRR AR B AR B E B KR bR IR EL A% 5
MEFEEAIN, R854 MR 42 MBSk A b, DR EES R (E
A, L ERATE S =K N-2 .

QX TERSFEMP IR R AL FHRRE R RN R R HR s A B
BARAS. WRAY. hERE. BFREsIULRSRMEEREREELD.

4.2.2 TR EBIENFim B MIEN S UL

KRB 3 BEMAAAR, FEELEITEMBEEEAN S 0E 4-1 i,
AT EREEROEN, REEEHIER LA S00kV # 8 ERLIERAREEAN
B, REBEASFHBRE., REMFL=EATE.

B 4-1 VL 55 [P0 1t R 432 40 T DA R R LV A e 4 N i
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RIE (BARGREREFN) X BT HEE L KSTERIFE,
BRI HFBENEEEANTRORAHFAGET LT =R HmEET, SEmEl
68 FhET 1T i -

(1) 500kV UL 2% —tHMME: FRFE-FERELRE = HHESE;

(2) 500kV R LA E£6B& N-2: ZM-T5 N-2 #fEs%,

(3) BLA BERXUK AP 05 ER A RS,

EEHEEHERNZEBEAN S UEMETIL S BMKeITREEE, TH
MAEMRBEBATREMOEFELHEPRIZE 4-2 #17.

v
FIFIBPA AT 68/ u] 1T Wb e 1 M B gy 4
v
B3 1651 500kv Bz LA Y 45 AU 4 A R 048
KA 4 B0 R RS S LR BE TR PRT VDI
!
AT TVDIK DN, il e ™ b b bl 4
!
EE#E. RE. FILMEAZEHE
v
SREA L B #2
v

IEFF IR &

K42 RV RAL S IR
HTENEET 2LEE 8 MMM It ERNEE, FHE LB TVDI
{EXTATAT MR SR AT I 08, A R % B I HE T R R 52 i o K Y J L i B A S 7
HWEE., WK 4-1 iR, EEEEE-EE =N, BEEREAS. 3t
-V =R . MO ERPABIHERENERELE.

F4-1 EEHEE

7 E R A AR HER-EER MEEERAS U5l WSS ERAS

BN E 0.3099 0.4088 0.6139 1.000
B E R TVDI 6.158 7.743 11.031 17.221

fEiE L MPEEE, RBHMMHEREZAEAL (FIE. REL BE) KX
A 1000MW FIRMEER, HETEMEETHITESOE, CRXEEGFLS
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EESEE, FEEAMMUBRERERG-9)RE, THEERNR 4-2 Fir.

K42 ARFEEA SR BRE

FEEAA K=+ ) iR

AL FE R 0.990389 0.990407 0.990414

i LR BR TR U E A, A SIS S R B R M
AEREREENREI B REE, HREFEEFEAREERYEANL.

2 BPAITH, HEEBLEAREER, ImEREBILA 24 4K, FIA
2 S B, ) 42 AL BRI T VE SR AR 1S B R B Dh AR AR IR 297 5000MW, i 2 FL L
Ko
4.2.3 Zim B MBI T AME AL BB I K #7507

FEX R B R EA SR #E1T R B 2 3 s M 30 S B Th /M2
ERULEP RS FZENSENMEEENRE, XABAS, BARESD
BEAT B0 VR UL R R LR T IR T R AMER B A A EAAE
B, ZEUBRNBREHBARERLETR, RESROE 2-2 fix.

C_
l FIHBPA #1768 AT 4T A4} A (h ,u_-l
v
ll'_.','.l( Okv Iz Ll EAS 1
¥
‘ SRR M T B SR B GE R R TVDI ]
v

PR R B TVDIE,  Jiik fh 295 5 -l
¥

‘ {i A R4 —I
v

I REALAL H § 1
¥
¥

1 BEM A N REEmAEL 1
¥

B 4-3 SR LIhFMERIML LR

FIFH PSD-BPA 7EffiE HAIEEE T LA BEBMBFITHE, X 165
500kV UL LR ESHE. BB G-2iHES T AW TVDI {E, %8B TVDI
BAEEREEBRENEN, EEPEFEEBERTEN=ZL£BLENIME
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& 43 i, BT TVDI EEESF AR C2. A C1 FIFREGE 51
=T AR ARMER TR ST .

Fz 43 FET R

EF R HAR C2 HAKECl H T 51

H R B354 TVDI 2.4958 2.5231 2.5908

RIELFRZ YK, STATCOM #LL S0Mvar — 42z, R HEMRLITTE
B, BEEEFELL 50Mvar NIEIRE, 7E 0-200Mvar 22 [8] BA_EiR =N AT s
HME b 3 AT T AR < 38 T U7 VR I B K AR R R R X = AN A R AT M
A R = S AME I E RN, SRR ARERMNEE, i
ZRWME 4-4 i

xR 4-4 IMEFTRURAMAIEHF

HHR— TR FR=
HAR C2 0 50 100
TR Cl 0 0 100
FHEE S1 50 0 100
AL &= 3.4975 3.4853 3.4849

4.2.4 BT FHRUULEZNEIS T IFMERL

EARE B RITEE R ENMEERE N ET I, BhTERER, |/
A5 REEENSKEE N HILHE, BEASHADNER TR FEARLE
X E R BT RE, IRAEA T ERISRME. HAFRUMEER-METERE
BRBEA MBS B T, BRI, SRR RERTEET
9 Rr =P

4241 HixETE

AEFAAE AN LMY, W @-HFRE LY M AKH, 84
KMEE NAAEWER, £ @278 TMEREE -, MEEHEARFE
IR & xio

continent = [country1 »COUNIYY, - +,COUNIYY ), ] (4-1)
country, =[x, %y, Xy, | (4-2)

H o RAAFEEE i RAE, BAEFEEPHEER. 4-3)AT

AEN KM RS L RT B RBERE
Rank = f, (contient) = f,(x,, %55, X150 ) (4-3)
O=MxN (4-4)
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edum IRFB A0S

EAFES, MR EARSBENE 4, HHEAR A TFERVER T L
Bk, EHYIHALE FERE AR B TR FERSEF, APIEERMFE
EREANRARGAEFERFEHEEERS R ERMHFLETRE X ¢-5)
KA E P EE RS KR ER, ZEWA 4-6). X 4-7)
P s AR AR 45 20 1 B3 Br A KN BEAT HE P

RamFﬁ“;X (4-5)

X, :[Xm"'Xxn]TT
Xz=[in”‘Xvn] (4-6)

X =[X51,- Xsn]r
XTolaI :[an'"Xanle""ina'"Xsl""XSn]T (4‘7)

ZEih, BEAEEKIEZE U EA T E Xenampion 2T H LUK H
X ampion = MAx(X Total) (4-8)
HELERZ ERFEN T RN ENSHENEHEITES, EHOAES N
A4 B _EJE A T . Npest FAJE BUBTIE T XRando
Pop = X gy =[ Xiea > Xana | (4-9)
ATEFHIRIFZMRAONE, FPEmAEER@4-10)7EH &R, #H
IRERBA BB B CP ¥RE .
L<X, <U

Best

U=%xacx(Ub+Lb) (4-10)

L=%xacx(Ub—Lb)

Xioa = Pop(1:CP, M)

Xpeo = Pop(CP+1: N, M)

KBRS HER G, BBERG-1)EFHFSEHES, #HITT-RALE,
HERHHELER.

(4-11)

X e =[Pop(1: k)]
Xypew =[Pop(k+1:1)]
Kiad] = Xpew =1Pop(+1:7)] 4-12)
X ipew = [Pop(r +1:5)]
Xsnew =1Pop(s+1:1)]
A EEHRRRAEE, RIFEANMILERE, WIS TAMERERE
ANBE x UEASSEIHEEENEAL x, HY x WRETEEER
[10,200], x; KIE{E VS W TVDL ER KM 10 DRI &, BI[1,10], &

Pop =[X4

est ?
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