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Abstract

At present, China's wind energy resources and load centers are inversely
distributed, and the supply and consumption of energy are extremely unbalanced.
Therefore, China has implemented the strategy of transmitting electricity from west
to east, achieving maximum wind power consumption and long-distance transmission
through high-voltage direct current transmission lines. When a DC fault occurs in a
large-scale wind power transmission system, severe transient overvoltage (TOV)
phenomena will occur at the transmission end, and may even cause wind turbine
disconnection or system collapse. Therefore, starting from the mechanism analysis,
this paper proposes an overvoltage suppression strategy that comprehensively
considers the control system performance and reactive compensation, and achieves a
better suppression effect. The main work is as follows:

Analyzed the mechanism of transient overvoltage. Based on the equivalent two
machine model with wind field, the transient change process of the bus voltage at the
sending end was discussed in stages. The reactive power conversion and the response
of various control links were comprehensively considered, and the causes of
overvoltage after commutation failure and bipolar locking fault were explored. Then,
based on the power supply system model, an estimation method for transient voltage
rise was proposed, and the mechanism of wind turbine overvoltage generation and the
mechanism of wind turbine disconnection from the power grid were analyzed. Finally,
the suppression law of overvoltage levels was studied based on wind power output,
electrical distance between wind farm and converter station, wind turbine control
mode, and DC transmission power, and simulation verification was conducted.

Studied the overvoltage suppression effect of DC and fan control parameters.
Screen the control links closely related to overvoltage from the mechanism analysis,
and derive the suppression law of overvoltage levels by control parameters such as
proportional integration coefficient and time constant. Subsequently, through
simulation and verification of the two machine model, the key control parameters
with the greatest impact on overvoltage were selected based on the Ttrack Violation
Indicator and the Transient overvoltage Suppression Index, taking into account the
impact of parameters on the dynamic performance of the system.

Studied the overvoltage suppression effect of dynamic reactive power
compensation equipment. Exploring the mechanism of static var compensator (SVC),
static synchronous compensator (STATCOM), and synchronous condenser (SC), and
establishing a controller model, comparing the key performance of each device. The
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condenser has certain advantages in reactive power response ability, response speed,
and other aspects, and is more practical in most cases. By comparing the economic
costs and suppression capabilities of different devices with different capacities in a
two machine system, the theoretical analysis of performance was validated, and a
certain basis was provided for the initial selection of devices in different scenarios.

A transient overvoltage suppression strategy based on improved imperial
competition algorithm combined with time-domain simulation, which combines
control parameters and dynamic reactive power compensation optimization
configuration, has been proposed. On the premise of ensuring stable system operation,
data transfer and interactive iteration of PSCAD-PYTHON-MATLAB were achieved,
and real-time joint calls of time-domain simulation and optimization algorithms were
completed, resulting in the optimal configuration scheme for suppressing overvoltage.
Finally, the effectiveness and universality of the strategy were verified based on the
two machine model and the improved 39 node model. This suppression strategy is of
great significance in improving the planning and construction of large-scale wind
power DC transmission systems, increasing line transmission capacity, promoting
efficient wind power consumption, maintaining equipment safety, and grid stability.

Keywords: Transient overvoltage, Control parameter adjustment, Dynamic reactive

compensation, Optimization based on imperialistic competitive algorithm
optimization, Software joint call
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K Lo

FHAHETE-NBRERBEENBRES LT s, KERRBHT(VDCOL)
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Ocv Qu~ QuIEFR%EFE, AQARQ-FIR. EER(Q2-5). H(2-6)FHK (2-8)F K
R A BT RAEmRGSER AU, ARQ-9)FTR.

Qw + Qc + Qa =Qd (2-7)

AQ=Q,+0,+0,— 0, (2-8)

AUI‘=AUL =AQ=QW +Q¢-+Qa—Qd (2_9)
U, 8. S,

MX(Q2-9), AmEF AU 5 A0 EMXBS S ik, AT RITTIH
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BMELZEY, 5 L—MBRAGHEHBEREBNERS RIS E SR, FH
¥R RS 5 R AL B ER DR R B, B TR B B®ms 5 R E
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EHBHERSER . RS AR BRI REE KPR FEEWERER
X E A B EREREAT T8, AARAERART BENSERN, WA
TREMHAHRET . HHRFVZEELRE. RILERRERRBREE. Fi
FREAKRAREKEESE, HTRREEMTEST BEMRIZRAYE
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RES1. T BEES IERBEEBRANLIIH S, KRB S Bk, i
GSC R\ M B EZLFETHRE LY. FkEMEE, €8k DFIG 225
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STRMERBETEZEAENRT (REFBENEBHRERARMEY W, 7
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BARMOAB, G EENSHAREERRRBLN TOV BEM TVI
Tats, SRR 3-1 Fios.
#3-1 ARBHBHENRER

TOV i TVI TOV i TVI

ZH & ZH B{E
H(p.u.) (x10™) H(p.u) (x10?)
1.08 1.23655  5.0970 1.8 1.24385  5.6661
ky 1.20 1.23265  4.7605 kp1 2.0 1.23265  4.7605
1.32 1.22806  4.2655 2.2 1.22196  3.8790
0.027 1.23515  5.0201 0.045 1.22285  3.9630
ki 0.030 1.23265  4.7605 ki 0.050 1.23265  4.7605
0.033 1.22979  4.4875 0.055 1.24211  5.5007
0.81 1.21566  3.5925 1.8 1.23634  5.0789
Uan 0.90 1.23265  4.7605 kp 2.0 1.23265  4.7605
0.99 1.24547  5.7924 2.2 1.22845  4.3534
0.36 1.22263  3.9068 0.02727  1.23048  4.5210
Uar 0.40 1.23265  4.7605 kia 0.03030  1.23265  4.7605
0.44 1.24138  5.4537 0.03333  1.23511  5.0136
0.495 1.25069  5.9787 1.8 1.23036  4.5138
La 0.550 1.23265  4.7605 kp3 2.0 1.23265  4.7605
0.605 1.21684  3.6686 2.2 1.23475  4.9834
0.018 1.23630  5.0936 0.02727 1.23376  4.8676
Ty 0.020 1.23265  4.7605 ki3 0.03030  1.23265  4.7605
0.022 1.22856  4.3902 0.03333  1.23137  4.6364
0.18 1.22823  4.2964 1.8 1.23053  4.5253
Ger 0.20 1.23265  4.7605 kpa 2.0 1.23265  4.7605
0.22 1.23693  5.1785 2.2 1.23505  5.0129
0.09 1.23426  4.9480 0.02727  1.23399  4.8897
TCrpdown 0.10 1.23265  4.7605 kia 0.03030  1.23265  4.7605
0.11 1.23051  4.5267 0.03333  1.23123  4.6043
DRER, SESTIHEEMXNSZHEU,, . U,. G, ki« k-

kp3‘ kp4’ ﬁ*ﬁ?@ﬂ’]?%{ﬁkp\ ks Ly~ Tos Tovpaoun kpl‘ kp2‘ ki3‘ kig o

BN EMXSHEERAMEXSE, TOV BERK, FEBEBRRER TVI
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BEGFZHN ZashS e ttfta —eg2m, MREXMEm, EHERS T
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HOHE, MESESRERURBEERSHAEEFZH, BRI RS
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BTSN, BIEE#EANE. BEREERTRE SR £ ReiiE R
AEEEH.

B IHEE S REMRBI AR TVI SCEE N, TRIFREESHRENE
AL B E R G EE SRR, FiEFERE T HRERE SN TVI MEAIER,
B #2453 | s #0181 48 $(Transient overvoltage Suppression Index, TSIH{EJiTEH
A BEMBIEE A NEERME. ZERESE LESSBORET G B ER

HEWERE, R ERESTAENMRAE, BEF —eEst, HETS

BRI EARTHE . TSI F8Ar R (3-8) TR, 1ZFEhrlER, WXt i &k A 30 4
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Xt HTRAT E A R — DA, HH TOV I§{EAEX 114614 [ KL 18
R TSI #atr, fREMMEIBERJERXRBIEFH S, BIK 3-2.
32 FARBEHSHENHASR LM

TOV %
. TOV & {H TSI . TSI
ZH BU{E S8 B (& EHZL
254K, (%) (x107) (x107%)
(%)
1.08 0.3164 -7.0686 1.8 0.9086  -19.0232
ky 1.20 0.0000 0.0000 kp 2.0 0.0000 0.0000
1.32 -0.3724 10.3981 2.2 -0.8672 18.5170
0.027 0.2028 -5.4532 0.045 -0.7950  16.7524
ki 0.030 0.0000 0.0000 ki 0.050 0.0000 0.0000
0.033 -0.2320 5.7345 0.055 0.7675  -15.5488
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0.81 -1.3783  24.5359 1.8 0.2994  -6.6884

Ui 0.90 0.0000 0.0000 k2 2.0 0.0000 0.0000
0.99 1.0400  -21.6763 2.2 -0.3407  8.5516

0.36 -0.8129  17.9330 0.02727  -0.1760  5.0310

Uar 0.40 0.0000 0.0000 ki 0.03030  0.0000 0.0000
0.44 0.7082  -14.5615 0.03333  0.1996  -5.3167

0.495 1.4635  -25.5897 1.8 -0.1858  5.1822
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U7'2
X, +X,

"

Q\'(‘] = (U‘/'z _Un )(id() -

) (4-1)
[(Xr’/ + X/r )(K,.1+1)_(Xd +X”, + KAX,,-)]UTz(l_eKET'}“ )
(X + X)X, + X, +K,X,)

Qg =y, =Up)iyo — 1(4-2)

33



Hdbe HRER I E A3

R U, B B L
Uyy —— 08885 P 0 B 5 S
X, —— WA S S B
X, HWEAEH;
X— HMRESEH,
o WAL IR
K,—— BRMKIEE

T, —— VISR E Mg S IE B R 2
A3 SC #HIEA A 4-3 pin, U, AMMIBLEIE, E, RENE

B AR EE.
U. /_(/' LIT(];':mx _KrIﬁi
Url 1 & [kassyassn) K, |u, o E,
1+8T + |[(K.+sT)(A+sT,) 1+sT7,
U _— & o
SR o U= ERRE | ERm
SK}r
1+ sZ}

B 4-3 FEAPEE RARE

4.2.2 1L XIHAMESR(SVO)

SVC SRR GRS MARB T, @it d] & ae 558 A E 2 EH s
sy, mMRE. BARRBEFSEERFBSD. B¥HSEERYTBEER
(TSC). d& I BRI HB(TSR). & &= 5 BI85 (TCR). JEHK HAES(FC). H]

5 70 A0 B 3T 28 (SR) S M B 4 1401,

e

é i

AL =) i
3 -F 1
X V. Y S

T T]T]T

Fl 4-4 TSC+TCR & SVC 4 #
H ot TSC+TCR # SVC 52, Z5H9 P 4-4 His . TCR AR % T

34



b 7 RFW AT

TSC BEAMERM T, #p 7THMAEE TCR FERFBHRAMEE TSC LIhth
ERNESENE S, ST REETINEE AT .

[/.7
2 XK

4

F 4-5 SVC ) U-I 5t 28

4-5 4 SVC W U-I1 F{E 28, & 4B BOE ST KRS, KA

WA EERBBEERE, ERIRTREARELNRFERTREUAERAE

R, AIRELETEEATHEI,. WEBBK LIS M EZ B A5 A IE

tbX & . FE LR ER R TIhFMERE I 2 4k, ARk R

TR, X R ZAMERNEERERE. R@-3)MRE-4)5 508 SVC FEF
SR A X 35 B G Ty v

U’

Ogpc =— X, (4-3)
U 2(X " max _X max)
SIC = T X L X L (4-4)

Lmax " C'max

AP U,—— MEZ A,
X e —— TSC I KB
X, —— TSC B KB
BRI AR S SVC $ 8 BIRY A 4-6 Firas, B, 9 BC#& i S5 RCRME 5 90

= 8 & IR
A ae EEl@ELJﬂB
("En‘,ax /—. L'—Em.m Eﬁﬁﬁ E, 1
R 1+sT, ¥ ﬁﬁﬁﬁ% 1+sT
1+ 57T, Y "
B : NS
IVJ man
o BAE S gycpe
fRAES— RERSR

B 4-6 SVC 8| R ra 1Y

35



b i R 2 AR

4.2.3 F# L[] L F#MEFF(STATCOM)

STATCOM ifid 3t 22 Ji Ml f R W E ARG RO Fthl, B BIFT R B, LW

T RIESEAMEED . STATCOM 45/ W 4-7, EHA N H BB ER = e wid
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NEBEsEEZHMEERS, ERESSTRMER T U4EFERERE, .
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R BRI
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& 4-10 STATCOM #) U-1 5tk dh 28
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s 4 U 4-5
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Kl A S SVC #H B R tn A 3L STATCOM 4B & 4-11 Fiw.
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2 /~ [ wwma
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B 4-11 STATCOM &4 &R G Ay
4.3 ST IHAMER BRI REXTEE

MESTENEMNEN EXTEENEEREE CEBTREN
WHPRE, thi SVC B ESMMBEFHZIERR, TIWNAEEZIE K
PR#I; STATCOM #HEL SVC REMRINE £ K Rl BT, (BIRERKIIIS MM &
EE2EMELXR, HENWEHGEIHEESZH—ELW; RA SC RAFERER
o BN P B R f o), 1)%%%‘&3%&@%2%%&%%6@%‘%73, MEHE
THRENER, XE2SCHEZEMRE.

() &FHA. SVC RAGZMEREIT R, HERBENESLEMFETHIR
K, 5 SC MPIE A Lz gEImFE R AL SVC & 20%~30%, &5t
%F SVC: STATCOM KR 7ol kids ., wihl kAt @Rt a, GG
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SHE R, $RE STATCOM MEARALN SVC [ 2.65 f513, EFHAE=M
wETHRE, ANEERE.

() MIRLEE , SC REEBMBHBANRE RS, BRESMNBERED
AT E KXW ; T SVC 5 STATCOM £ F i 7 8 FR 4k, SSHE
DML EERE, BE. AHSEPR, RNKE. BERABEEBEAR#HD
STATCOM Hma Rt (Bl DAL EER T2, BIER LA ek & i B
EhetE, THATHREERBERIINHRAER. YESHETHERSK SVC
5 STATCOM Hyma b FE B BEACHY, iXim DA I Bk, T % & v ge i
TRERSERKLD, EERSMBEADBEERRIARE. mHiHHEILE
AREEWMNIER, BFBERERRE.

(4) 1B KF . SVC. STATCOM {7 R FE8M, Ar@athsm iR
GIENERK. SC RET BB ERT, MUK EEE AEMA, THFEK
HEREMBERSE.

® 4-1 BTEIHIMERE ML

e &) 2 AL SvVC STATCOM
WERR TR & Blws Bitw&
AV E A/ AR e Icd) 1
AL puE oy B &S

LOWNEES  EAANZHEEW SHEEFHIRELE BEASHEERIEWR
2 5F A B a3 =
M) RS2 P R 818 B
WK 7 % 2

R 4-1 NS TR B WA LLE . SCEESLINMMER . i
KFRWMBEE S EAEERNE, BUFEEYURER. 4P HARSRE,;
SVC BABMAE AR, HEFHERTAEIRE. W HEERIEMIERKT
PRIk A; STATCOM ZEEATLINIMERE 1. ARSI S PR EEH
LT SVC, BHEERARERE. TEENEHIEA.

Hig bk, SC ENBEESIHEMMHEENERMLSE, SVC
STATCOM Xf#a& kWML #EEFR. ARBNETINHME R & MR
HERERE, BEmARE ESRIEHBMLRERRBE.
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44 ZREFERESEFRARESITBEANFIRAKXFR

441 BEBESEZFHRENXER

WEMEFRABER €A EEAR. BEHRENEHERTRA. &
PR AL, ATERABEEITRA. EPREE. mRE-60)R, BREIEELE
BNBELTFRAARELERR.

Co=hsp—Asp+4, (4-6)
X C,— BB BMNBEBELFRA, HA1HIT/kVar;
s,—HFHREBITAE, B4 MVar.
RIEBIME R Z AT RIS, BRI =MREFELEREAR KRR
ERMK4-7). RE-)FRXE-9FTR. HEAFEE=FREEFRAEETHE
FrRA LA 4-12. BAAKE SVC A RARIK, STATCOM B & A& i o

C,,-=0.002415% —2.449345,.+1022.6066 (4-7)
Cy =0.00257 —2.041125, +852.1722  (4-8)
Corarcon = 0-00378s7 —3.84426s5,. +1604.988 (4-9)
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FE 5 $125-1.9632%- 2.3769%F1-0.5354%, TSI 43%|4 0.3405. -0.2541. 0.3185,
lthAE R SC MR R &E, SVERRREE.
xK42 BRABZESFMERBBTEER
ToThE & & TOV &fE(p.u)  TOV BHE A Lh(%) TSI(x102)

AT E 1.2327 0.0000 0.0000
SC 1.2085 -1.9632 34.0480

SVC 1.2620 2.3769 -25.4061
STATCOM 1.2261 -0.5354 31.8495

HE 4-14 58 4-15, SC Bh{ERf & F, MR REIIER, &e PR HPH]E
AL E, TOV g FEE 1.2085p.u., BEMEERETUBRNEEETH
J£; STATCOM 1 RERE BB AR TR tRma B2, {8 S B 3 B R4 il 8R4 EE A
£+ SC, TOV I&{Hk 1.2261p.u., MFIREE S SVC JaIhua B 1E 4 5 i % 0
HER SN, FESERE, dBERRPERNLTY, SEEBRERA, B
BRIIMNAMMFEER, TOV BEREE RIEF] 1.2620p.u., LEFMERERTIE
Ewm. ZERS5HRERT—H.

BERKAINERLEENRAEEHTHE, RARSEESNHIRRKK
. 0 TOV EEHHE, FHAX LB B EFIH 8R4 A E TSI IE4F,
HERANEK 43 Fim. BHIBLE RS A MATLAB L& /5 RS ih 28 5 il 3R
Bk 4-16 iR .

% 4-3SC. SVC. STATCOM BEEARAAAZEMNFES R

SC SvC STATCOM
5B TOV 1§ TSI TOV 18 TSI TOV 1§ TSI
{E(p.u.) (x107) fH(p.u.) (x107) H(p.u.) (x107)
100Mvar 1.2300 18.1820 1.2313 12.7884 1.2326 7.4300
200Mvar 1.2260 26.8393 1.2378 3.4694 1.2323 12.0849
300Mvar 1.2214 28.5226 1.2458 -5.6705 1.2319 17.4471
400Mvar 1.2171 30.5293 1.2517 -11.6209 1.2309 22.8305
500Mvar 1.2129 32.2949 1.2585 -19.7866 1.2281 27.5623
600Mvar 1.2085 34.0480 1.2620 -25.4061 1.2261 31.8495
700Mvar 1.2039 36.0485 1.2676 -33.0937 1.2231 35.6181
800Mvar 1.1996 38.1063 1.2716 -38.0901 1.2199 38.8818

900Mvar 1.1957 40.1462 1.2754 -41.5897 1.2164 42.4364
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SRER, WAREEERTHMES. BENTORAANTELRRRHS
R, ERIEHERTENITERBERBETERE, N TEXLFRGEXILTEZ
AATRefEIf. FBEREIANERRAEERET 2 B RAER, JHmMH
KBV EERE, FRBTRENRUEFNFERE, RATRESN
ERAEE. BHttS5EAT.

43



AL R ER L F AR 3L

BSE AHBENEBEERE L RS H 251 8 EHH SR rg

5.1 E 7S B I H SR

ERIZHMME-ERELNE TESTERESER, BEFENASRSE
THMEAFHSHRNAR, SLATCEHAR, WHZREAR, GELS
HME S BEEURFSNEER, MaISEHMEREN T RKH0 MR
R s AR BORIMEEE T, BETEMERPOAHZRER, HREEE
DR RAT AT BRI AR HEAEREHERMINGEENLSE, &
H— MR BIEGH SR ST ERARE LR T U R ER S ERRE R
107 E R AT e R AR SR, R R A eR AU R R A A

A 4

I

|

:I BOEICAZEMATLABIRIL 2 | PSCADF IR 53T

i

: Y

VSEE TV 5 A e ERZHNUEE
I

e e m e s e e i i = - ———

e s i i g e o

PSCADRR K

IR HEREEE

—/  wwpernrz /[

h 4

(&%)
5-1 FAI k) SR A
TERBRERNOE 51 firn. B PREHSHEE, TRUEBLIER
R ERAMRIEZEF A TR KRS, BXERBMP RS EHSHERE N
KBS R ECE B3 HE A st B 554 HIECA) K& I 4y Jst AT

44



Hios HRFMEZ AR

EZRMHEBRBOIFMKME, B AT EARZHNRNSHUEETR; &E
WRIE TVI il 5 g B IR EIFARAGERNESRERGLATRERRA. HO
FEERNPIEHHEHMHAUER, EATEWHTT—F. FZLRISE
TIhAMEIE, FIRAMABEESHEGEBRERE, MHMERERYEAE]
THRBATHA ST BEMFIRRNE B LURE, RHEBRESTHRIE,
M RANRAEETR.

5.2 R RBESL
5.2.1 IFHIS BT ER

() BFRE Y

KIS S MNRETIES 3 SAUA, S A E A bR
(TSHE R FHISHE, BESBMAETAT RENSRBEHSR. RN hkE s
BOABIBCR, % TVI MAEERR V) FBE RN RSERM SR TV,
CLECRE BI TSI BAARAL B A7, LSRR S HNERE, BT RG-1)
BRI ERRES, Hob £=TSL: X, AEHRAEE, B L. U,. U, k&
kL EBH.

F(X,) = max[ £,(X,)] (5-1)

(2) 4R 3E

BHISHMAE, BT 2HDETESSENREMBELOR, LERRGEN
ERREEFR 9, FLEXERHSHEETREVDRAR, ATFEEEN
B — 52 BRA1en,

DR GRH T T LR

Py —P,—U, > U (G, cos6, +B,sin6,) =0
Jei
5-2
Qs —04—U, Y U,(G, cos8, - B,sinf,) =0 -2)
Jei
Kb B—— KENFEHHE
O —— KBNT i B
Py—— S R A AT
Q,—— ABH i B HH s

G— % i RS
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B—— XHi5 jRIBH;

6,— X&iL jlAAAAE;

U— TRiBE.
DRGHREZTEBAR

(pmn < P < P™, i=1,2,..,N,
omr < Q, <Om, i=1,2,...,N,
JUm <y, <UM, i=1,2,..,N, (5-3)
Um <U, <U™, i=1,2,..,N,
(K™ <K <K™, i=12,.,N,

K U,—— KEYHIREEEE,
K—— ARAEZESS LR,
Ny—— KT S5
N, P A
Ny—— FHAETESRT S8,
NREMIBHIEBLR
AU, I ks by ke by ARBEHISH

(Um <y, <U™

o<, <1

[ sk <k 5

k:;“" < ki2 “<_k7112mx

ko <k, <kn

~kirt?jn < ki4 < k";"‘ax
ARFZHECEFEENREMETGTE. RBIFETE. BESAGFEITIE;

BARGHTERE. RENHESIE. ERANEH IS TESE. LRERY

R AEAAREZENRR L TIREHE 7B TTEE.
5.2.2 ST INFMER Z BERILILIEEY

(1) ZERMIL R

M4 ERER, MEURFEREBRK, XARNSHEHFEIE
Bk, ERARFHBRAREN. SEEELTRNERFRNAEN MEREK
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HAL s ARFB AR

WHEIRER W ER R RS, FIE T A 545 B E L
RIZ B S LIAME AR

MEGRHER—BRELRARMME. ML Birtiik, & EiRREMETHZ,
S B BE AR R AE BV R K R G, ARG — M AR LA A it BE 1R A
AEAELFTE BN REH—HE, REeDEhERBRAESR, XG-5A
HBHFBRHFA . EF min FOX) X ERRE FOXO)F g AT B REE SRR
MME, FEHERBEASFANREIRME: X ARG EHBRKRE.

min F(X) =min[f,(X), f,(X),..., £,(X)] (5-5)

el TSL BN B EMGIRR MR E bR, REFEFES £,, Wk
(5-6)FTn. FHEEE 4 EZENHT, RERNEFBARFHREE 1, 0X(5-7)
FiR.

fo= TVI, (©, )T—V "i'VIn (Q+A0y) (5-6)
n (Qo)
.ﬂ:J(CDaSDa 50) (5'7)

¥ Q—— VIHEKRLI:
AQp,—— BB LUFMERAL F T Th AL &
o,— WEERERE, 6,=08;
J— BB
BR ik BA TSIn B KA R AR BAR AL B AR, BB LT IAMER £ Biafiik
RN G-8)FTR, Hb X, IFRLEE, BFFs,. 6,55,
1
Fp (X)) =max[f,,(X D),—fz(TD)] (5-8)
Q) AKRFIZ
S ENERINAME R E R, MMUZES “EHSHPHRHER” FiEE
MAGAR, EZIREFESRERUPAR. REEEFE IR R PRSI
MEERKRE, REXHBEFEAELERE. RLARFELEHSHRIE
REMTREREs, IRELBEFESHS,, WRG-IHFR.
syt <8, Ssp”
{526{0,1} ’ -9
RF syt —— TRTELIMESER B /NRE:
sp—— WA LKELIMEREN R KR
ARZHEAFBENAMERE BN REMNE TR, IMEREINELRE
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5.2.3 Z Bt iR a9 4018

% Bt i G b B 7 7 R R M B R R . S8Rk
ik, 2N BRFREEMA— MR BRI, RBEDEFENRT AKRE,
BREFLE ML, ARE. BRANES. SERNFTERAARNER S
HERERE, BMATIRBBERAIAARGHRERE. EXXFERINERE
EMHEKRE, HEHEHERBLE S, WWERELIELNE, — CEER
THRGEHENNHA. RXCEFENES £, £, RUGEL BERRER S, REFTIR
Frid iR R EERRAE RN BN S, BE BRI ANEE
¥, IR(G-10)FTR.

TSI, _ TVI (Q))-TVIL, (O, +AQ))

£=TSI, = D=
$pCp0p  (ScCosc0e 18, Coye6y 8, Copproon 0 ) - TV, (O)

(5-10)

Hips.. 6, M6, 25T REE SC. SVC fl STATCOM 57, H{EHIHNO
% 1 BAENABE— 1. FHERG-8)FEHARG-1DBARLNLEIIHME
BHRERE, HREXARMPIERARAZE.

F,(X},) =max[ f,(X)})] (5-11)

HA(5-11), WHRFEBRNMEIMCRET, EEARE, £ HirZ AL
MR HRAEMEE MBI BR EFREE S, W fES, Bk R,
Rz fHR, SRBIELRLE. BRI BIFRER T 2 Bk
A, FIERRRT B EE AR

PR CEBR A R HE SRR, KYES UM BNARHEA,
HEBERPERRK, ERENESERNEHS S EDSKIERR &S HUEE
BHEZLEWSRMRE, EAESREREFNEHERNRE LS. HHRX
LePREG, A —E i, FIARG-12)ZWTEMZERENE 4,
BRERES—HE 005120, BATHEZERNBEEMTER.

2" =~ Zmin (5-12)
4

max zmin

X 7 A—1b = $E
z 0 — 4k 5 SEPRE
Zm—— EHIZREERKE:
EHEER/AME

Zmin
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5.3 BT ERFEAMNL KR

ETOBEIMEAEE, BHTERERBSH. IMERR A E RHHER,
BRI FEZXRETELB 5T IREREEHZE X, 5 X, WIME, sikEeH
SIEHRBRE S, R FRIRME. FRIAESEREEE AR GFERM
S ERMEERKR, BAREXNAERRSHAEMNsINEENE. B EiRE
BHEZEX, ESEWMAEHREETRE, EESRREHR. HLEHZE
MRBERERIESHEE, ACRAZRINAEERTITRE, FRERENER
DBATAFREEI RESSERER RN, Bz &5 A FES R A E S EDS
BH—EEM%.

B H E NI B R AEE, BeiEBEMILS Ll —e BB aEREA K
AR EHEMER, Hik Ll E—EN ARSI SaURLE. ¥
RS RMAEERLZZBAREREMIT B KT ~4, i T /R4E
VI E AL TR 1 B 2R 3% 8 R0 & 2 LB A 38 4% BV (Genetic Algorithm, GA). 3L
53 KB B17 W E T B4R U 1F A0 B+ B 5 ¥ (Particle Swarm Optimization,
PSO). =T Y3 b & Y i 0918 KOL 18 5 — MR 4 & P Ak 1) R 8] A8 Aol it B A LB
Kk B ik (Simulated Annealing, SA)% . {HX R4k 7 W AFEE A R AR E
HLADIR. SEREFRER. HSBARBRAERE, 4 HEE3 KRR
AR & :

7 B 55 4k H vk (Imperialistic Competitive Algorithm, ICA)R 3 A £
BREEIMACERNOTEEE, RBERBTELSHAPFEE LS. HR
FikMARHSBUAHAKI LS. ZEE—2ER, EHRSFEXTH#
ITTRRMPARNIRE, Bl ICA CRRNATZMRARE Y, kgL
R, REBRARAE. ThRgitERE. ICARFTERERTISS, BFA
KB TYGR. SRESEREHRS, RNBRZSINM2REEEE, ERL
MRFEWERT HEEAE

53.1 WERFMULEZR

PR ICA BRI B 5-2 7R B Se BN MR8 N, I #0R
i, BETFHEINEEEE—IEXR, EVHRALERAEREM S ATE
ENEFMERMBERMAMN. EFEBRAJINTECHFTFERELER, FRH
SRR AERM, SRESTEEXER, AR FEH. BEEERSH
R, HERMAREFARE pRELREE Ay AERBERNEE (EX
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B, AR ESEYE, BAFTEENEREHEBFTEE LEXNREE
R, RIRFEZHERM, DR o KB keiziE. HRIE
HEPTEOFE, REFAFERBNTEENERSHET. mbRERiE
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TEERFEEFOMAER, BAERETHRIABISEN, MER, Xt
TEANAIREZENRLAE, SIMEXRBEIXNERE, PRFHN
country =[v;,v,,...,vy], FHFv ARMLILKZEE, 7 ICA BiEd T EHERMH
SHBEBHSE. RN RE f(country) = f(v,Vy,... v, ) KIFHEERE H1, =
EHRUR K R
BEEXNBAEEFHEFE, £V NMERERATEE LER, BHEAM
NAMAERNERM, VBRVIGHERMBE, WEERHFEXRN, NN, . &
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