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A Study on the Optimal Power Flow with Suppressing
the Short Circuit Capacity in Power Systems

ZF ) &
(Kwang-Ho Lee)

Abstract - Switching of the transmission lines(T/L) is one of the ways for suppressing the short circuit capacity. This
paper presents the extended optimal power flow(OPF) to the problem of selecting the T/Ls to be open. The constraints
of the short circuit currents within limits are added to the inequalities of OPF. Also, the overload on the other lines due
to switching of T/Ls is avoided by the linearized inequalities. The number of the open lines can be minimized by
incorporating into the objective function of OPF in order to maintain reliability. The method of an effective calculation of
the extended OPF is also proposed in this paper, which makes the two parts decoupled. The one concerning the
generation dispatch is solved in the first place by the conventional method. Secondly, the other concerning the
line-switching is optimized by the proposed formulation.
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Table 1 Cost Functions of Generators

2ANE b c
1 5.30 0.0050
2 5.80 0.0095
5 6.75 0.0115
8 6.30 0.0121
11 6.85 0.0085
13 6.60 0.0140
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Table 2 Results of OPF in stepl

2ANS | HAAgHg | ddE Y | 9F/ 9P
1 13870 1.00000 | 6.6870
2 57.56 0.97029 6.8918
5 24.56 0.91422 73144
8 35.00 0.93559 7.1474
11 17.93 0.93448 7.1559
13 16.91 0.94528 7.0741
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Table 3 Impedance elements and Fault Currents

5 }f_‘ ]ﬂ 3 X, Xmin Ip Tmax Xmin= Xﬂ
6 0.06120 | 0.06667 | 16.340 150 0.0055
9 0.12491 | 0.13333 | 8.006 75 0.0084
12 0.12846 | 0.13333 | 7.785 75 0.0049
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Table 4 Sensitivity Coefficients for Impedance Elements

g, 7 9 | 14 ] 19| 2t | 2

A

A
6 {0.00427)0.01411{0.00821]0.00011| 0.00025/0.00025{ 0.000!
9  ]0.00246/0.002920.00378 0.03833;0.00584) 0.00584) 0.00584)
12 [0.00336/0.00314]0.002260.01578 0.0105010.01050{0.01050
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Table 5 Sensitivity Coefficients for Line Flows
§ A 2]

A 4 7 9 14 19 ] 21 26
7 -21.91(|-38.644-18.694-12.237] 2.848( 1.448{-2.022
12 0.427] -3.2771 0.403 13.657] 1.163] 0.593|-0.771
18 -0.59§ 4.672 -058| 5.424 2.882)1.353}-2.690)
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Table 6 Line Flows and Capacitis

ZH
AN P{MW] Prnax Prmax-Px
7 38.644 40.0 1.356
12 12720 20.0 7.280
18 17.972 200 2.028
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Table 7 Sensitivity Coefficients for Transmission Loss

R geik=

e 4 | 7| 9119|292
D 2674 1021 1460 0440 0.119 0.02q 0.2
e 48637 12274 9.056-0451] 0.258 0.129-0.017
e |-45967-11.259-7594 0.891-0.143 -0.109 0.223
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Table 8 Optimal Solutions with Increasing Weight

a S1 S2 S3 S4q S5 S6 87
1 0.0 03676 0.0 0.0 0.0 |0.8063 | 0.4483
0.0 03550 00 00 0.0 {0991 |0.9656
00 103548| 00 0.0 0.0 {0.9975| 09766
10| 0.0 [03716| 00 |0.0360]|0.0013|0.0127 [ 0.9987
114 00 0.0 }0.6394)00037| 00 |1.0000([ 00
13§ 00 00 0639400037 00 |10000| 00
20 00 00 (09130 00 00 [09976( 00
30| 00 00 |09486|( 00 0.0 099841 00
50| 0.0 00 109713| 00 0.0 09991 0.0
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Table 9 Line Flows and Impedances at Optimal Solution
A2 (H22HF | A EAA3 | dadd 2| A
7 21.166 | 40.0 6 0.06974 {0.06667
12 13.610 20.0 9 0.13479 |0.13333
18 18.499 20.0 12 0.1409 |0.13333
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Table 10 Comparisons of Optimal Solutions

3 Pot | Pe2 | Pgs | Pas | Paur | Pais f 44
A w Lo | ow | ow | ow | o | £2 | 259

OPF1 {138,697 | 57.56 | 24.56 | 35.00| 17.93| 16.91 | 7.256 |1845.823
OPF?2 [|140.167 | 57.56 | 24.56 | 35.00| 17.93]16.91 || 8.726 |1855.643
OPF* ||138.786 158.36 | 32.33(32.37 | 14.64| 15.06| 8.152 {1854.278
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Table Al Line Data of Sample Power System
pape

(1] AFSH ALY 42 By 4E HIA, F2HY, B8 | qiaa | R X B | Tap

o0 T BT

[2) 154kv AAAE WG 24U Yol BE AT, S0 2 4 | 0%% | o1 | ooies

=] 4 3 4 0.0132 0.0379 0.0042

e=AH, 1997 5 2 5 | 00472 | 01983 | 00209

3] ol#3, “$AELT nF LT AAE AT AWAH= g 2 g 08?8(}) 8.(1)1(153 88(1)8%

M o 4 0.011 X 4

A" dugF Ag” A T3, A8H, A3F, 8 5 7 0.0460 | 0.1160 | 0.0102

_ 9 6 7 0.0267 0.0820 0.0085

pp.401-406, 1399. 8. 0] 6 8 | 00120 | 0.0420 | 00045
[4] B35g, #er3, 123, “Alternating Direction g g 18 8.0000 8% 8% (1)8(1538

Method& ©o] 4% HAHzFAe 242" 13 9 11 | 00000 | 02080 | 0.0000 |

o - 14 9 10 0.0000 0.1100 0.0000

17)38) &= 2], Vol48A, No.ll, pp.1424-1428, 1999. 11. o | 4012 | doww | oo | 80000 | o
J W F.W P G j 1 12 1 14 0.

[5]1 A o?d, B.F.Wollenberg, owe;" eneration, o 5 1 0123 | 03589 | 0.0000

Operation, And Control, John Wiley & Sons, 199. 18 12 15 0.0662 | 0.1304 } 0.0000

{6] J.J.Grainger, W.D.Stevenson, Power System Analysis, 58 ii %g 8(2)8%8 8{83; 8%

1 21 16 17 0.0824 0.1932 0.0000

McGraw-Hill, 1994. o 22 | 15 18 | 01070 | 02185 | 0.0000

[71 KH. Lee and Y.M. Park, “Application of Expert 23 18 19 00639 | 0.1292 | 0.0000

. . 24 19 20 0.0340 0.0680 0.0000

System to Power System Restoration in Sub-control 2% 0 20 00936 | 0.2090 | 0.0000

» 26 10 17 0.0324 0.0845 0.0000

Center,” [EEE Trans. on Power Systems, Vol.12, No.2, 27 0 2 00348 | 00749 | 0.0000

i 5, i, 197 mEnaNn

[8) Pai M.A., Computer Techniques in Power System 30 5 23 01000 | 02020 | 0.0000

Aralyi, M-, 1979 5| 2 o | oum | o | o

[9] K.C.Almeida, F.D.Galiana, “A Genera! Parametric gi %g %g 8%& 8%%8(2) 88888

Optimal Power Flow,” IEEE Trans. on Power 35 2% 27 01093 | 02087 | 0.0000
Systems, Vol.12, No.l, February 1999. gg %; gg 8(2)?% 82?22 8%8 0.9851

38 271 30 0.3202 0.6027 0.0000

39 29 30 0.2399 0.4533 0.0000

40 8 28 0.0636 0.2000 0.0214

41 6 28 0.0169 0.0599 0.0065
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