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Real-Time Estimation of Multi TCSC Reference Quantity for Improvement of
Transient Stability Energy Margin
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Abstract - This paper presents a method for real-time estimation of TCSC reference quantity in order to enhance the
power system transient stability energy margin using artificial neural network in multi-machine system. This paper has
the three parts, the first part is to determine the lines to be installed by TCSC. The seconds is to estimate the energy
margin using by ANN. To get the critical energy for training, we use the potential energy boundary surface(PEBS)
method which is one of the transient energy function(TEF) method. And the last is to determine the TCSC reference
quantity. In order to make training data for ANN in this step, we use genetic algorithm{(GA). The proposed method is
applied to 39-bus, 46-line, 10-machine model system to show its effectiveness.
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[ 6.618156, 0.14) 9.897297) 10,00252
12 6.518156 0.22) 6.189993 £.178835)
16 6.618156 0.3] -0.883349]  —0.880427
20 6.618156 0.38] -11.280732]  -11.309233
24 5 132495 0.06 11.460447 11.643247
28 5.137495 0.14) 85.980447 9.138557
32 5132485 0.22 4.994543 5,004527
a5 5.132405) 03]  -D.434366] -2 420052
40 5.132405 0.38]  —12.815809]  —12 302057
44 3.691197 0.06 11.018648] __ 11.202432
48 3.691197] 0.14 B8.280584 8,479892
52 3.691197] 0.22 4.00414 4.00415]
58 2.601197 0.3] _ -3.658645]  -3.659585)
o) 3.601197 0.38] -13.912501|  —14,140508)
84 2 28531 0.06) 10,546566 10.817301
68 2.28531 0.14) 7.588208) 7.767103
72 2.28531 0.22 3.088269 3.092053)
75 2 28531 0.3 -4.71791 —4. 721062,
) 2 28531 0.38] —14.766135] _ -14.786313
B4 0.911133 .06 9.977247, 9 914242
92 0.911133 0,22 2158585 2.163776
96 0.911133 0.3 —5.710814] __ —5.719459)
100 0911133 0.38 1547603 _ —15.384058
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Table 2 Training data and test data of TCSC reterence quantity

At Eo My FUE XY

DM Mz

HeHE =R(PU) YA E &2 TCSCH TCSC2 TCSC3 TCSC4 TCSCs 91“““(\|51)2| E

PU

1 0.576179 1473407 0.004061 0.008848] 0.008077 0.003901 0.008071 D.032958|
3 0.576179 3.263526 0.005128| C.022674 0.010939 £.003538 0011008 0.053337
5] 0.576179 6.183024 0.0168326 0.020272] 0.02527 0.002693 0.004192 0.068823
11 -£.393018] 1.518743 0.005125 0.011587| 0.006519| £.003689 £.009194 0.036114
13 —£.393018 3.359387} 0.007447 G,O142§lﬁ‘|‘ 0.017056 .003829 0.004625 0.047255)
16 -£.393018 6.386995] 0.018013] 0.021081 0.026291 0.003456 0.003079 0.07192
21 -1.362221 2.63747] 0.013376] 0.016087 0.007346 0.003253 0.007005 0.047037
26 —1,382221 7.852832 0.020574 0.030009 ©.028058 0.004308 £.023513 0.107462
29 —2.324281 3.972102 0.014556 0.001194 0.02405 0.004653 0.006741 0.051234
31 -2.324281 6.098319 0.020484 0.012975 0.028002 0.003562 £.003185) 0.068208
e -3.269149 2.43429 0.008529 0.011785 0.013127 0.00538 0.005593 0.044414
B —3.269149 5.518339 0.016768 0.023862 0.02585 0.003785 0.008783, 0.079048|
41 0-.5731§l 5.18265 0.013083 D.Oveg7g 3.022781 0.002745 0,00821 0.063797
a7 =3 1.85849 0.010022 0.024242 -0.000531 0.002872 0.014351 0.050956
50 =3 5.38699 0.0129€68] G.024764) 0.021268 0.003827 0.011712 0.074837|
53 0.2 2 0.005514 0.007101 0.008813 0.003451 0.006827; 0.031506
54 0.3 3 011]548_8‘1 0.0'16258 0.011813 0.003491 0.00831 0.04539]
5B 0.5 & 0.01154 0.017401 0.022243 0.00312 0.009357 0.063661
&7 0] ‘# 0.005615] 0.018748 0.018852] 0.004371 0.008019, 0.055605
55 -1 3] 0.020817 0.017671 0.008772 0.000898 0.004059] 0.052217
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Fig. 18 Result of the estimated training data and test data
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Fig. 17 Energy margin as the fault clearing time and power
flow in prefault
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Table 3 Test data of effectiveness of proposed estimation algorithm through the fault case simulation

nE PNt T EE X o} =l =2 she o} X 1
1 | -aoepiagf 02| orizge  oeesse| 0016754 079558 o|__stable
2 | -2anapm 026 -a720642] —a781118] o0s7are| assiiie] o.018m04| oo0p7sel  ooes1] 0.000127] €.000033] 0050506l unstable
a | -1.555460 0.20] —7.44700] —7.460507] 0.018198] 7.560607] 0.012001] 0.006474] 0.041113) 0.005886] 0.013079] 0.079443] unsizble
4 | 1360001 03| -8a2a01] -s.87oems| oa4sssr]  sovormel o.0c0073) o.0osssr| 0.0zospa] 0.005125] 0.031019] 0.118823] ynstable
5 | -1.168704 029 62815 -7370434] 1138934 7.470434]  0.0217] 0004265 000541 00paea| 0020493 0.105508] unstable
6 | -0.878037 0.25] -357m131] -3.587004] 0.009883 3gepondl  0.ois30l 0023731) 0.013963] 000%61] 0.008eep| 0063236 unstable
7 | -0.878037 022 -osooz] -oeersr] o04sevs|  g7e7Arl 0.008696] 0.0-4673] 0.004509] 0.003407] 0.010e88] 0030773 unstable
8 | os76179 0.34| —12.60800s] —12.573067] —0.00%008] 12673067 o.0i8136| p.oeacer] o.0o7eed|  0.004t4] 0.01011] D0S3R06| unstable
9 | oseirg 02 0.800F  1.147384] -0.304384] _1.24738d ' 0| _stable
10] osmwirg 0.36) -14.62343] —10.920643] —3.700777] 11022643 0.0181350 0.020863] 0.097534] 0.004118] 0.613838| 0.093478] unstable
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Fig. 19 Unstable case and stable case after the network
control by using the proposed algorithm

e Heotd ghue

o
to
Hu
e
ox
Yo

6.4 MotE otng|Eo s AlDAl TCSCE HIYT =31
At2q

E 38 AYY *nYZoD RAAE AnE Rt
Ayt 571e) TCSCH #AAe A7 eFe 332D
g ndzd 248 Jdud vAY BEdurges AN
@ quARHAE sastac B8g A okdel dEd
Aele zaaddE 2ze TCSCRFU%E F38 + 98
& naE oyAnbdoe] stabledltin #HesW TCSC ¥
e gy e BAZE

462

39, 98 H2ATA ASAES E4AE A5 A

obgl dmAZeor HAHF TCSCE Aolste A HAH
E 2939 e 9 A5 ¢AgEs RE 29 194 B
t},
TE 2eayg A BAL C-language® codingdly 1, 4
A FRHAM dae ALALE Pentium 550MHz Fell
A <k 0.0001s0.008sAE L85 B8, AlnnelHE 3
Sated dee A FANREE € =29 Tl
o e 2 Hibdl EFEA et

M

7.4 E

B =R dquAckdAn iz s - 4% TCSC 3
Zo] MM AL AAsAd AgY dnFL A
£ AN FH AEHET, TEF GAE o435l &
ol & nldsldel. =8, ot Algy A=Aln 93]
2 ategisle] gAAIA FadEA 2L HHY TCSCHA
4xg BAsAD HAAFY GHA AT A7 HAsho
TEFYH& AlRslsicd dAAyAs 44 21A5A HE
& PEBSY S o)&sle Falgdan, #EF dnaFe AR
o3 wwele] FEstdh AA DAY FUHE
A22 FEA ouAul EHGT AlZA R etz e
Zolgs Hagsle ZHAFFE FAINS FAYRAFE A
S8t Off-linedoll A A4k oW A olds TCSCHF YR
g Ao SFAA A FHo| sesiA At A
A gdadveFe 4&9 gg HAHA ] LMBPE o &
gle Fyze Az FHL =IHUT AEHETEE
New Engiand Test YardAl & W4te=z st I EEAE
o zatgct ¥ ATHAANEE T4 SHRAE ol &
gto BTy o 2zt FengE Faia A iz
Ao =Hgah= Fere wAadte #@coh ol fHEd dA
AZARA 48 £ 3e @ velHy =& g 99
A5 o e g dolHE Tl & AL AR
H3 go g& HANAT FH7Y AePdel 2ad A
o Held,

A
Ll
&

-

ZAte] 2 5
1990 st m muATFulel ojstel @ i




e EH

[1] Sobajic, D. J. and Pao, Y, H. "Artificial Neural-net
Based Dynamic Security Assessment for Electric
Power systems”, [EEE Transaction on Power Systems,
Vol. 4, pp. 297-306, 1989.

[2] S. E. Stanton, C. Slivinsky, K. Martin, J. Nordstrom,
"Application of Phasor Measurements and Partial
Energy Analysis in Stabilizing Disturbances”, IEEE
Transaction on Power Systems, Vol 10, No.l,

February, pp. 297-306. 1905.

(3] AdF, F2, “VAEZE}Z o]&% On-Line
FEAdAE Hrle ¢ AFAHZ FHgA A"
H7)et8] =FA, pp. 779-787, 19963693,

[4] Jianmin Zhao, Atsushi Ishigame, Shunji Kawamoto,
Tsuneo Taniguchi. "Structural Control of Electric Power
Networks for Transient Stability”, IEEE Transactions
on Power Systems, Vol. 9, No. 3, August 1934,

(6] 4%, €94, ATE7IY AFIAME o] &%
FEAE $HE A% 4 dugF F47, 478y
=53], vp. 38-45, 19979149 %,

(6] A. A. Fouad, Vijay Vittal, “Power System Transient
Stability Analysis Using the Transient Energy
Function Method”, Prentice-Hall, 1992.

[7] Sauer, Pai, "Power System Dynamics and Stability”,
Prentice-Hall, 1998.

[81 M. T. Hagan and M. Menhaj, "Training Feed -forward
Networks with the Marquardt Algorithm”, IEEE Trans.
Neural Networks, Vol5, No.6, November 1994,

Trans, KIEE. Vol 50A, No, 10, CCT. 2001

[9] ].S.R.Jang, “ANFIS . Adaptive Network Based Fuzzy
Inference System”, IEEE Trans. Systems, Man,
Cybernetics. Vol.23, No.3, May/June, 1993

[10] A. H. El-Abiad & K. Nagappan, "Transient Stability
Regions of Multimachine Power Systems”, IEEE
Transaction on Power Systems, Vol. PAS-85, pp
169-179, February 1966

[11] C. L. Gupta, A. H. El-Abiad, "Determination of the
Closest Unstable Equilibrium State for Liapunov
Methods in Transient Stability Studies”, IEEE
Transaction on Power Systems, Vol. PAS-95, pp
1699-1712, September/October 1976.

[12]1 T. Athay, R. Podmere and S. Virmani, "Transient
Energy Stability Analysis”, Engineering Foundation
Conference-System Engineering for Power, Henniker,
New Hampshire, August 21-26, 1977

[13] Hsia Dong Chang, Felix F. Wu, Pravin P. Varaiya, “A
BCU Method for Direct Analysis of Power System
Transient Stability”, IEEE Transaction on Power
Systems, Vol. 9, No.3, August 1994.

[14] T. Athay, “A Practical Method for the Direct Analysis
of Transient Stability”, IEEE Transaction on Power
Systems, Vol. PAS-98, pp 573-584, March/April 1979.

[15] Z. Michalewicz, "Genetic Algorithms + Data
Structures = Evolution Programs®, 2nd, Springer
Verlag, 1992

[16] P. M Anderson, A. A. Fouad, "Power System Control
and Stability ", the Iowa state university press, Ames,
Iowa, U.S.A. 1997

H (& & &)

19699 69 29 4, 19%d 4T A
718 24 19983 F diEy AT
o FQ(44), dx 5 Y Av)EE
o wAL g A

Tel : 031-400-4040, Fax : 031-418-5291
E-mail : stability2000@hotmail.com

DpEebde oUX] ofd gabg i oi2el TCSC ME AAIZE Y

4 7 (E 8 A

19333 109 319 4. 19614 &3 Fdf A
Z1Edat 9. 19808 F gy Ar|Fen
ZA(Fh. A g B A7 S o
. 1996 et 3

E-mail : skyou@mail hanyang.ac.kr

6
aik



