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Fig.1 Equivalent circuit of asynchronous generator and
relationship of power transmission
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Fig. 2 Equivalent circuit of asynchronous generator by
simplifying dextral circuit of bb’
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simplifying left circuit of aa’
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Table 1 TTC and iteration numbers with two models
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Fig. 5 Voltage variation curve of wind turbine terminals
under different wind speed
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different wind speeds

AGE/(m« s RABH IR/ MW

T'TC/MW
v vy K1 K 2

0~3,220 0~3,=>20 0 0 855.163 6
4 0~3,2>20 0.7115 0 876. 225 8
0~3,220 5 0 2.6725  878.2237
4 5 0.7115 2.6725  880.304 1
7 8 12.026 5 18.390 0 905.545 5
10 11 34.207 5 40.258 5 945.136 2

13.5~20 13.5~20 59.920 0 59.920 0 986. 649 3

t & 5 AT LA H 7R A R G KO TR Bl X
SRS R ML AL AL e R A BT . AR 2 AT
LA, S KGN FUIARGE 3 m/s s8R T8 H X
20 m/s B KU HLEE 1 T A, KB AL R 51
M. TEARKGHE 44T, TTC /T LI 20 MW L |
B 25 X B 386 K, TTC o Fifi 22 38 i, 5 FL 36 n i) i
JER R, 4 R R B0 A KGHE 13,5 m/s B, XU AL
HEAFE TAERS AU I 4 F5 A28, TTC #2175
T 130 MW DLk, b, KGEARfB¥E X TTC =4
BER,

P 1 M 2 ol LA I, AT A 2 KO
5 A — K M e, KGE 28 (b3t TTC /9
SR KON G, R U L B RUH 2R 35 T R (R
HL I 2 L2 o o 2R 40 0 B0 0 B ES) B E KL KL
T BE ML sh P X R S8R 5 ks B oA 2, L,
FEAL S R R 37 1 8 g R e v, R DL R T AT
FH 4 v BE g B 200 25 B 3 A ke XU A Ak 7 A 1 R
M) 45 3] e 2 25 1 1) DR Sy XU o A B o v 5 B0
HLL B VI Bk LS o] FH i v B 0 i 35 A8 1k

3 HiE

ASCHE S W1 K B o 2 45 R H i R Ak



- ERH -

F Al &

RNV IWIE b SN LN VIR 21

ST TS M AR AW T AL R A CPF i8R
RERY, FE AR E T 550K B A4 T AR e T R S B
EEXt o KB i i 280, i Sl KR
EARLME T TTC BB, o it R R
AT R G TTC W8 25, JF B & KR 28 5
Ty A 16, 3 Bl 52 g TN R 2, Y KR LA IE R
AR R TTC ¥ Bt 5 XU 3 T 42 5 5 24 i
TR AR kit 5 5 B ML R S VI BR B, &R
5 TTC AR £, M2z, & ok id 2 XU 1y A8 1k A
DR HEL 2 375 L 35 1 o 0 4 e K R XL R 3 Y H
R TTC A BEZLMW,

& & Bk

[1] B YH. 5 )RR JF 19 A0 OC B BIF 52 PR AL 1B 1 R 48 A 3 4k, 2003,
27(8) :84-89.
LEI Yazhou. Studies on wind farm integration into power
system. Automation of Electric Power Systems, 2003, 27(8):
84-89.

(2] 3BT, EA M, X Mee 55 KRR 37 0 L ) R e 8 S e
B2 B 1 RS A 84k, 2006,30(15) 1 10-14.
CHI Yongning, WANG Weisheng, LIU Yanhua, et al. Impact
of large scale wind farm integration on power system transient
stability. Automation of Electric Power Systems, 2006,
30(15): 10-14.

[3] FH0I, 4= g, o T, 46 XUIS I o IR\ 2 W ML 2 0 2 A2 78 1% o A
5. B R A 3116.2006,30(13) :22-27.
YIN Ming, LI Gengyin, ZHOU Ming, et al. Analysis and
comparison of dynamic models for the doubly fed induction
generator wind turbine. Automation of Electric Power Systems,
2006, 30(13). 22-27.

[4] BRifg ok B, Bk b, & WUH b B ) 3R G0 48 1 ) 2 170 A5 M) 2
R AT ) R SE A 314k, 2006,30(2) : 22-26.
CHEN Haiyan, CHEN Jinfu, DUAN Xianzhong. Fuzzy
modeling and optimization algorithm on dynamic economic
dispatch in wind power integrated system. Automation of
Electric Power Systems, 2006, 30(2): 22-26.

[57 XU H M, B2 45 JE , Sk A A S8 At Jaly g 78 3 450 X0 ) & v WL O 1 42
il sk w1 ) R 48 A B4k, 2006,30(3) :51-55.
LIU Qihui, HE Yikang, ZHANG Jianhua. Grid connection
control strategy of AC-excited variable-speed constant-frequency
wind-power generator. Automation of Electric Power Systems,
2006, 30(3): 51-55.

[6] NERC. Available
determination; reference document prepared by TTC Task Force
[R]. Princeton, NJ, USA: North American Electric Reliability
Council, 1996.

C71 Vel £ R, B ) RS B Re I WF o i PV 4R A SR B, B )
Z4 A 811k, 2001,25(2) :9-12.
JIANG Wei, WANG Chengshan. PV curve tracing in power

transfer  capability  definition  and

system transfer capability analysis. Automation of Electric
Power Systems, 2001, 25(2). 9-12.
[8] GREENE S, DOBSON I, ALVARADO F L. Sensitivity of the

loading margin to voltage collapse with respect to arbitrary
parameters. IEEE Trans on Power Systems, 1997, 12(1) . 262-
272.

[9] PALSSON M P, TOFTVAAQ T, UHLEN K, et al. Large-
scale wind power integration and voltage stability limits in
regional networks// Proceedings of IEEE Power Engineering
Society Summer Meeting: Vol 2, Jul 21-25, 2002, Chicago, IL,
USA: 762-769.

[10] PABLO L, JULIO U. Minimum voltage protections in variable
speed wind farms// Proceedings of IEEE Porto Power Tech
Conference: Vol 4, Sep 10-13, 2001, Porto, Portugal. 6.

[11] RARF FIRE  Iha e, 45 FE PR T & HL 39 1 e R T A B 26
ARHT. B E AR 2004 ,28(20) : 28-32.

WU Junling, ZHOU Shuangxi, SUN Jianfeng, et al. Analysis
on maximum power injection of wind farm connected to power
system. Power Systems Technology, 2004, 28(20). 28-32.

[12] FEIJOO A E, CIDRAS J. Modeling of wind farms in the load
flow analysis. TEEE Trans on Power Systems, 2000, 15(1):

110-115.

[13] FUERTE-ESQUIVEL C R, TOVAR-HERNANDEZ ] H,
GUTIERREZ -ALCARAZ G, et al. Discussion of “modeling of
wind farms in the load flow analysis”. IEEE Trans on Power
Systems, 2001, 16(4) . 951.

(147 304, T, 5k 7. & XU 3 10 e 00 R G 0 i v 55,

ML #2441 ,2005,25(4) : 36-39.

WU Yichun, DING Ming, ZHANG Lijun. Power flow

analysis in electrical power networks including wind farms.

Proceedings of the CSEE, 2005, 25(4): 36-39.

FEIJOO A E, CIDRAS J, DORNELAS J L G. Wind speed

simulation in wind farms for steady-state security assessment of

(15

[}

electrical power systems. IEEE Trans on Energy Conversion,
1999, 14(4). 1582-1588.

[16] CHEN Z, SPOONER E. Grid power quality with variable
speed wind turbines. IEEE Trans on Energy Conversion,
2001, 16(2): 148-154.

[17] TAYLOR C W. Power system voltage stability. New York,
NY., USA. McGraw Hill, 1994.

(187 Bk, R MR PR, B T 8 ) RS S RE 40T 19 WU g 5 i
DR R4 AR, 2002,26(8) :8-11.

SHEN Hong, LIANG Jun, DAI Huizhu. Calculation of wind
farm penetration based on power system transient stability

analysis. Power Systems Technology, 2002, 26(8): 8-11.

E b (1962—), B W £ & F 05, KT 5 5 45 B4z,
IRZNFELNAARERI T 2 AL L ZAREFE R
BT R RAMR MR T4, E-mail: cswang@ tju.
edu. cn

o oHA982) B AETMRAAETEMATAARA
Az hb M54 E M, E-mail: sunwei_tju@ eyou. com

EXRA979—) . B B ERALE . ZRMAFT @A LN
Ao AMEH T M, E-mail: xgwang06@hotmail. com

(F%% 31 W continued on page 31)



(E#% 21 W continued from page 21)
Total Transfer Capability Calculation of Power System Including Large-scale Wind Farm

WANG Chengshan, SUN Wei, WANG Xinggang
(Tianjin University, Tianjin 300072, China)

Abstract: While wind power generation is developing rapidly all through the world, there are more and more megawatt grad
wind farms being connected directly into the power system. In this paper, on the base of traditional RX model for wind power
flow calculation, a new continuation power flow calculation model is established using the w-type equivalent circuit of
asynchronous wind turbine. Based on the proposed model, total transfer capability (TTC) of power system containing large-
scale wind farms is investigated under the constraint condition of static voltage stability. The calculation results show that the
variations of wind speed have a great influence on TTC. Especially when the penetration power is increasing, the effect of wind
speed on TTC of power system will become more notable.
This work is supported by the Key Grant Project of Chinese Ministry of Education (No. 306004).
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