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Fig.6 Harmonic voltage component of buses
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Static security corrective control method of wind power-integrated system
based on distributional robust optimization
ZHANG Shang,GU Xueping, WANG Tao
(School of Electrical and Electronic Engineering, North China Electric Power University , Baoding 071003, China)
Abstract; A static security corrective control method for power system is proposed with the consideration of wind
power uncertainties. In order to rationally connect with wind power forecasting method ,the range and mean value of
wind power output are used to describe the uncertainties. An active power security corrective control model is estab-
lished with the consideration of wind power fluctuations, which takes the minimum economic cost of adjustment mea-
sure as its objective,,and considers two control measures of generator output adjustment and load shedding. On the
basis of distributional robust linear optimization theory,the corrective control model with uncertainty parameters is
converted to robust peer-to-peer model only with certainty parameters, which is solved by linear programming
method. The case results of a regional power grid show that the corrective control scheme obtained by the proposed
model can deal with various wind power fluctuations , meanwhile ,the model can realize the transition between econo-
my and robustness of control strategy,and give corresponding possibility evaluation of robustness degree for control
strategies.
Key words : wind power;corrective control ; uncertainty ; distributional robust linear optimization
S S S S S O
(4% 57 W continued from page 57)
Harmonic resonance analysis for wind-thermal-bundled half-wavelength
AC transmission system
CHEN Chang, YANG Honggeng
(School of Electrical Engineering and Information , Sichuan University , Chengdu 610065, China)
Abstract ; Large distributed capacitors between ground and long distance overhead transmission lines and cables can
easily cause the harmonic resonance problems for the grid-connected wind power system. In order to analyze the har-
monic resonance amplification characteristics of the large-scale wind-thermal-bundled half-wavelength AC transmis-
sion system, the decoupling matrix of harmonic resonance transmission and amplification is derived based on the
selective modal analysis. The interactive participation factor is used to evaluate the excitation effect of harmonic dis-
turbance sources on any nodes in the system,and to determine the nodes which are easily affected by the harmonic
resonance transmission and amplification. The harmonic response voltage of each node caused by the characteristic
harmonics , which have larger contents in the actual grid-connected wind power system,is analyzed according to the
different proportions of wind power when the resonance happens. The standardized sensitivity and its dominant coeffi-
cient are introduced to analyze the element sensitivity with a comprehensive consideration of various resonance con-
ditions,, which can provide a theoretical basis for suppressing multiple harmonic resonance amplification or subhar-
monic resonance simultaneously. Simulation shows that, there may have harmonic resonance amplification in the
wind-thermal-bundled half-wavelength AC transmission system. As the proportion of wind power increases, the reso-
nance frequency decreases gradually. The 7th and 11th harmonic resonance amplifications have serious influences on
the 35 kV and 110 kV buses,which may endanger the safe operation of the system. The head and end of the half-
wavelength transmission line are not affected by the harmonic resonance transmission and amplification and can ope-
rate safely. The simulation is carried out with PSCAD to verify the effectiveness of the proposed method.
Key words : wind-thermal-bundled ; half-wavelength transmission line; AC transmission system; modal analysis; har-

monic resonance ; participation factor ; standardized sensitivity



Misk A

(D RHEZ IO

a. LCL JEJ A5 AR SR HL BN 0.025 mH, ZE HLIRAN 500 A, HLXU HLE 2 0.4 mH, € HLIFLN 205 A,
IS HON 33.4 pF, BUEHEN 1075V, JEEHHEN 1 Q.

b. #IETLIRAER (SVG): BN 10kV/35KV, HUEREN 63 MV-A, FEEHEITN 6%.

c. F Ti: LR 0.69 kV/35kV, FUERE S\i=3.3 MV-A, T Un=6.6%.

d. FEARER T AN 35KV /110KV, FUERE Svo=50 MV A, FiE&FHHIT Up=10.73%.

e. 7R AR AR Ta: 2 EEN 110 kV/1000 KV, BUE 25 7 Sna=1000 MV A, 5 B BT Uas1-2=21% Uas1:3=62%
Uss2-3=40%.

f. SVG EEA LS Ts: N 10kV/35kV, FiEAR Sns=6.3 MV-A, HEEIHPT Us=6%-

(2) KRG T

a. THDF125/67 V<50 K HHL: BUE BN 27 kV, ZUE R RN 1000 MV-A, FE 12N 900 MW, KB H
P X =15.9/22%; ZZ[E# T4 MIAZEHN 27 kV/1000 KV, Fi5E 25 & Sna 1=1000 MV-A, 45 8BATT Uss 1=18%.

b. QFSN-330-2 yRe K L ZUE KN 20kV, FUERE N 388 MV-A, ZUE N 330 MW, KEEH
PUX]=17.4%; ALy 20 kV/110 kV HIAZ LA HEIHUE B 5 Sna =180 MV-A, LB FHHT Us=14%; AZLEN 110
kV/1000 kV FZA8 5 25 2H A0 25 5 Sna 3=1000 MV-A, 55K EEPT Ussa-0=21%, Usz13=62%, Uasp-3=40%o

(3) P KH L Ls.
BT KB R Ry 3=0.0081 Q/km, Xy 3=0.2615 Q/km, By 5=4.328x10° S/km, HRI-KEE =20 3/2=2938 km,
HAR IR P,=4000 MW

(4) FEHZ L.

Ro 2=0.131 Q/km, Xo,=0.401 Q/km, Bo»=2.84x10 S/km, * 50 km.
(5) W4 Lio

Ro 1=0.128 Q/km, X, 1=0.133 Q/km, By 1=5.34x10-° S/km, +: 10 km.
(6) fifiifs

P1=P»=4000 MW, IJZ K%L cos6=0.98.
(7) HM,

i 25 & Ssc=60000 MV-A.
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Table B1 Related data for modal analysis of superharmonics

WAL /% BiERMHz B | KR A% HiER/Hz BEESEET | KL% MMz A
85.5 1.270 83.75 1.236 81.25 1.519
131 1.804 129.3 1.538 127 1.811
1775 2.333 176 1.735 173.8 2.093
2 225 2.969 30 2233 2.033 50 220.8 2,671
273 3.781 270.8 2.631 267 4.103
3213 4.878 317.8 4.000 310.8 7.410
370 6.463 363.3 7.342 348.5 9.705

. RPESETU R A H.



