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Fig. 1 Flow chart of preventive control optimization
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Fig.2 Bus-4 voltage under fault-1 in initial and
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Table 1 Results of TVSC-OPF

i Pso Qso Py Qs Ps»

1 3.5 —0.5294 5.4829 4.282 1 5.5850

2 3.5 0.8815 4.8100 3.684 4 5.394 0

3 3.5 —0.5456 5.643 6 3.468 3 5.6130
1,2,3 3.5 0.3749 4.4827 3.907 6 5.407 3

pH 3.5 —0.5456 5.6436 3.468 3 5.613 0
/4 Q32 P Qs Py Qs

1 4.316 0 5.569 2 1.050 8 5.572 1 1.271 7

2 2.772 8 5.778 3 1.004 8 5.680 4 1.475 4

3 1. 456 9 5.502 9 1.316 8 5.504 6 1.000 5
1,2,3 3.9541 5.880 6 1.119 9 5.763 7 1.443 6

Jc 1.456 9 5.502 9 1.316 8 5.504 6 1.000 5
[ Ps Qss P Qss Py

1 5.622 8 1.746 9 5.572 4 1.124 6 5.385 4

2 5.885 3 2.113 0 5.7638  0.586 2 5.456 5

3 5.544 9 1.9107 5.516 5 0.535 4 5.407 6
1,2,3 6.005 8 2.0617 5.826 7 0.940 0 5.432 8

pn 5.544 9 1.910 7 5.516 5 0.535 4 5.407 6
L Qa7 P Qss Py Qs

1 —0.7919 9.3 1.825 8 11 —0.783 4

2 0.329 6 9.3 0.582 1 11 —0.9716

3 0.476 0 9.3 0.567 6 11 0.605 5
1,2,3 —0.376 9 9.3 1.177 7 11 —1.180 4

J 0.476 0 9.3 0.567 6 11 0.605 5
[ Kuiiz Kusiz Koo B  Bas (%;ﬁé’%ﬁ’l)

1 0.9125 0.9125 0.9750 0.4 O 241 568

2 0.900 0 0.9125 1.0125 0 0 242 098

3 0.900 0 0.900 0 1.0000 0.4 0.4 240 937
1.,2,3 0.912 5 0.9125 1.0000 0 0 243 249

J 0.900 0 0.900 0 1.0000 0.4 0.4 240 937
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Fig.5 Controlling load buses voltage of the 3 faults
in optimal mode with all 3 faults constrain

e 1 AT LAE W I ABRE 1 R R 2 0 e R
LR, TVSC-OPF £ 5 15 3 ) iz 17 Jr 2L
WORE 1R RE 2 BT & R HL 31,32 (R % 10-11.
11-6 ,6-5.6-7 4 BHLBTHS EL 3/ 1 JE T g 34 KL 5%
oAb K HL L 37,39 (ZR 1% 39-9.8-9.2-3.3-4 HIBHHLH
Fe 3 O 1 TE ) 8 a0y 0 T i T 6 A R R
A 8 i H K /) B R R R IG B 1) O G
5 A% g 3] B ar BT 3 ) HL P A 0 T in R 3 R R
faf BELR W HL PR A . T 3 e AR TV SC-
OPF #1153 3 ()52 17 Jy 20 32 22 30 3 ok /N A3 2800 &
AFFEAY 11-12 F1 13-12 (748 Eb CIE bR HE AR L #0 7E BF
2R 12 M) 3 T 4 R G fer 12 S Ak B % ) ) BEL BT
v Wl I A e TR 8 ) R bR 3 67 A B
2k 12 R A

5 H£iE

ASCHR T L) R G0 A A T 22 A T 4 A0
fEH) TVSC-OPF #E 8, I 55 F 338 R A0 ok S A
A R AL g NLP AR, 5% A% — ) R R4 2
B R 0 AR A RO N ROE SR A TVSC-OPF
BERYA fie L . B30 03 A AR AL BT R g TVSC-
OPF 5 BRI 35 REAS ViR 2R 48 h 22 A AN [R) i e, 7%

35 3 A 1 AR R R o 3 & fE AT B TS ) T S
B A e ALY TS B s 07 A A TR S R
T BEZR A R A

B0 R A RN TR A T A AR ) TR 45
il GEBE AR . SESIMEREAHELL TS
AT 4R I 1) 2k 22— I AR A AR H AT
AN A N Gk e g T A i S A R R A
AR BN ES P n, Bk, R R%H
0% B8 A o AR i A O MO R AT R B T g S i IR
NG CE b VAN SR 5 b (R IS -8 s gt E 7))
B R APRE A HEAT — 72 B AP DLAS 2T fin o 1 Ok
i & A R R E— 2B

MW AT W% M Chttp://www. aeps-info.

com/aeps/ch/index. aspx) ,

S & X Bk

[1] DIAZ DE LEON J A [[ » TAYLOR C W. Understanding and
solving short-term voltage stability problem// Proceedings of
IEEE Power Engineering Society Summer Meeting: Vol 2, July
22-26, 2002, Chicago, IL., USA. 742-752.

[2] POTAMIANAKIS E G, VOURNAS C D. Short-term voltage
instability: effects on synchronous and induction machines.
IEEE Trans on Power Systems, 2006, 21(2) . 791-798.

[3] HALPIN S M, JONES R A, TAYLOR L Y. The MVA-volt
index: a screening tool for predicting fault-induced low voltage
problems on bulk transmission systems. IEEE Trans on Power
Systems, 2008, 23(3); 1205-1210.

[4] HALPIN S M, HARLEY K A, JONES R A. et al. Slope-
permissive under-voltage load shed relay for delayed voltage
recovery mitigation. IEEE Trans on Power Systems, 2008,
23(3): 1211-1216.

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

(67 A & k. 2 A5 0w WUps 42 4 A B S hl i Dbl i i R A 3l
fk.2002.,26(4) ;1-4.,

XUE Yusheng. Coordinations of preventive control and
emergency control for transient stability. Automation of Electric
Power Systems., 2002, 26(4). 1-4.

L7) B#ibk e s, IR RS SR AWERREE. RS A5
fk.2002.,26(6) :1-5.

YANG Xinlin, SUN Yuanzhang. A novel dynamic security
dispatching method for power systems. Automation of Electric
Power Systems, 2002, 26(6). 1-5.

[8] DE TUGLIE E, LA SCAKA M, SCARPELLINI P. Real-time
preventive actions for the enhancement of voltage-degraded
trajectories. IEEE Trans on Power Systems, 1999, 14 (2).
561-568.

Lo BEA M, EIEX. #AH EZ LW #EH A B RS H 3
1£,2006,30(9) : 1-4.



CETHERSTBRENH -

REFEIL . 45

25 HL T 2 A T 47 A G A ) B SR R ik

XUE Yusheng, WANG Zhengfeng. Optimization of preventive
control for transient voltage security. Automation of Electric
Power Systems, 2006, 30(9). 1-4.

[10] HISKENS T A, PAI M A. Trajectory sensitivity analysis of
hybrid systems. IEEE Trans on Circuits and Systems: Part [
Fundamental Theory and Applications, 2000, 47(2): 204-220.

[11] LAUFENBERG M J, PATI M A. A new approach to dynamic
security assessment using trajectory sensitivities, IEEE Trans
on Power Systems, 1998, 13(3): 953-958.

[12] NGUYEN T B, PAI M A. Dynamic security-constrained
rescheduling of power systems using trajectory sensitivities.
IEEE Trans on Power Systems, 2003, 18(2) . 848-854.

[13] # )5 . #F 58, EEAC @bt R BUE AT BT 5T, i i REE A 3
1£.2004,28 (11):38-40.

CHANG Naichao, GUO Zhizhong. Research on analytical
sensitivity analysis of extended equal-area criterion (EEAC).
Automation of Electric Power Systems, 2004, 28(11): 38-40.

(140 Z=TE L XU BT . 2 W B 2 25 R 0 24 oA 0 (A0 V0 I 190 L 38 R i

. o L AR 2 4. 2009, 29(16) 1 42-48.
LI Yikai, LIU Mingbo. Trajectory sensitivity method for
transient stability constrained optimal power flow under multi-
contingency condition. Proceedings of the CSEE, 2009,
29(16): 42-48.

(157 V5223230 K% Tl A6 R 3 Wi UL K% 56 B B0 H S AL
——H I R G. db st KRyt A, 1978,

[16] DE MELLO F P, FELTES ] W. Voltage oscillatory instability
caused by induction motor loads. IEEE Trans on Power
Systems, 1996, 11(3): 1279-1285.

L1770 #¥ M AR 8 1l X S5 47 25 o R AR M Pl S R 9 T 2 52 1k
B RS H 81K, 1999,23(14) :4-8.

assessments for transient voltage security. Automation of
Electric Power Systems, 1999, 23(14) . 4-8.

(18] #REEIL . 2 TRIR XA M, 55 25 B8 G A ) 25150 30 10 4 25 B SR AR
S PRH ) W5 ik v B L T AR AR 4R . 2009, 29(4) 1 14-20.
LIN Shunjiang, LI Xinran, LIU Yanghua, et al. Method for
transient voltage stability quick judgment considering load
dynamic model. Proceedings of the CSEE, 2009, 29 (4).
14-20.

(1970 B3, Bk A, i » 55 S0 A rb R 00T s B8 0 0 3 BT
i, i H A 2006.30(19) ; 14-20.
MA Shiying, YIN Yonghua, TANG Yong, et al. Simulation
and evaluation for short term and mid/long term voltage
stability. Power System Technology, 2006, 30(19). 14-20.

[20] LIU Mingbo, TSO S K, CHENG Ying. An extended nonlinear
primal-dual interior-point algorithm for reactive-power
optimization of large-scale power systems with discrete control
variables. TEEE Trans on Power Systems, 2002, 17 (4):
982-991.

[21] FIXE  ARue K S8R 55, M D R G B M S LR . b
o< M E L AL 2004,

[22] ZIMMERAMAN R D, GAN D. MATPOWER: A MATLAB
power system simulation package. Ithaca, NY, USA: Cornell

University Press, 1997.

ML (1980—), B . BAEEH, B EEMTAR .
FEHMRFT®:. 0 h RuEMHLA, BT E E A, Email:
15j19800918@ yahoo. com. cn

X B (1964—), B A XA FIF . Z LB F @
WA RGBT 5454 . E-mail: epmbliu@scut. edu. cn

XUE Yusheng, XU Taishan, LIU Bing. Quantitative

Using Trajectory Sensitivity Method for Transient Voltage Security Preventive Control Optimization

LIN Shunjiang'*, LIU Mingbo'**
(1. South China University of Technology, Guangzhou 510640, China;
2. Guangdong Key Laboratory of Clean Energy Technology, Guangzhou 510640, China)

Abstract: The differential and algebraic equations based power system model is established for analyzing power system transient
voltage security problem first; and the transient voltage security constrained optimal power flow model is then presented to
solve the preventive control optimization problem. In this model, Transient voltage security constrains include two aspects of
avoiding transient voltage instability and transient delayed voltage recovery. The objective function is the operation cost of the
systems, and the control variables include active power output, reactive power output of generators, ratio of on-load tap
changing transformers, and switching susceptance of shunt capacitors. Based on the trajectory sensitivity method, the
approximate linear relationship between transient voltage security constrained functions and control variables is found, and then
the optimisation model is transformed to static nonlinear programming model. The nonlinear primal-dual interior-point
algorithm is used to get the solution of the optimisation model, which incorporates a quadratic penalty function to deal with
discrete control variables of transformer ratio and shunt capacitor switching susceptance in the optimization process. Case
studies using the IEEE 39-bus system validate the proposed optimisation model and algorithm.
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Table B1 Control parameters of on-load tap changing transformers and shunt capacitors
P GALEYIEN WK RAME A

K2 1.0 1.25% 0.9 1.1
K12 1.0 1.25% 0.9 1.1
Kpo-19 1.0625 1.25% 0.9 1.1
B.s/p.u. 0 0.05 0 0.4

B.5/p.u. 0 0.05 0 0.4




£ B2 KBHMSITHE
Table B2  Operational data of generators
ZBH B EWRpu G FHRApu. B ERpu B FBRpu. FHEESH
30 3.5 0 3.15 2.8 1000P*+30P+0.2
31 11.46 0 10.3 9.17 1000P*+30P+0.2
32 7.5 0 6.75 -6.0 1000P*+30P+0.2
33 7.32 0 6.59 -5.86 1000P*+30P+0.2
34 6.08 0 5.47 -4.86 1000P*+30P+0.2
35 7.5 0 6.75 -6.0 1000P*+30P+0.2
36 6.6 0 5.94 -5.28 1000P*+30P+0.2
37 6.4 0 5.76 -5.12 1000P*+30P+0.2
38 9.3 0 8.37 -7.44 60P*+30P+0.2
39 11 0 9.9 -8.8 60P*+30P+0.2
*F B3 REBEHHNSHEE
Table B3 Parameters of generators
M R, X, X, X, T’ T D
30 0 0.1 0.031 0.069 10.2 84 10
31 0 0.295 0.0697 0.282 6.56 60 10
32 0 0.2495 0.0531 0.237 5.7 71.6 10
33 0 0.262 0.0436 0.258 5.69 57.2 10
34 0 0.67 0.132 0.62 5.4 52 10
35 0 0.254 0.05 0.241 7.3 69.6 10
36 0 0.295 0.049 0.292 5.66 52.8 10
37 0 0.29 0.057 0.28 6.7 48.6 10
38 0 0.2106 0.057 0.205 4.79 69 10
39 0 0.02 0.006 0.019 7 1000 10
£ B4 GEHSERENSEE
Table B4 Parameters of dynamic load model
8 X1 " X
0 0.295 0.02 0.12 35
Ty a n k,
2 0.15 2 0.0116 0.65




