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The Optimal Operating Points of Multiple UPFC's for Enhancing Power System
Security Level

HIE 8- x & &
(Jung-Uk Lim - Seung-11 Moon)

Abstract - This paper presents how to determine the optimal operating points of Unified Power Flow Controllers
(UPFC) the line flow control of which can enhance system security level. In order to analyze the effect of these devices
on the power system, the decoupled model has been employed as a mathematical model of UPFC for power flow
analysis. The security index that indicates the level of congestion of transmission line has been proposed and minimized
by iterative method. The sensitivity of objective function for control variables of an UPFC has been derived, and it
represents the change in the security index for a given set of changes in real power outputs of UPFC. The proposed
algorithm with sensitivity analysis gives the optimal set of operating points of multiple UPFC’s that reduces the index or
increases the security margin and Marquart method has been adopted as an optimization method because of stable
convergence. The algorithm is verified by the 10-unit 39-bus New England system that includes multiple FACTS
devices. The simulation results show that the power flow congestion can be relieved in normal state and the security
margin can be guaranteed even in a fault condition by the cooperative operation of multiple UPFC's.
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21 1.0 0 0 2740 115.0
22 1.0 0 0 0 0
23 1.0 0 0 2475 84.60
24 1.0 0 0 308.6 -92.20
25 1.0 0 1.0 224.0 47.20
26 1.0 0 0 139.0 17.0
27 1.0 0 0 281.0 755
28 1.0 0 0 206.0 276
29 1.0 0 0 2835 269
30 1.0475 250.0 0 0 0
31 1.0 0 0 0 0
32 0.9831 650.0 0 0 0
33 0.9972 632.0 0 0 0
34 1.0123 508.0 0 0 0
35 1.0493 650.0 0 0 0
36 1.0635 560.0 0 0 0
37 1.0278 540.0 0 0 0
38 1.0265 830.0 0 0 0
39 1.03 1000.0 0 1104.0 250.0
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M=z dojg
From To  Rlpu] Xpul Blpul  Paux[MW]
2 31 0.0035 0.0411 0.6987 208.05
31 39 0.0010 0.0250 0.7500 208.04
2 3 0.0013 0.0151 0.2572 819.39
2 25 0.0070 0.0086 0.1460 401.66
3 4 0.0013 0.0213 0.2214 237.79
3 18 0.0011 0.0133 0.2138 117.70
4 5 0.0008 0.0128 0.1342 4438
4 14 0.0008 0.0129 0.1382 419.35
5 6 0.0002 0.0026 0.0434 8188
5 8 0.0008 0.0112 0.1476 526.550
6 0.0006 0.0092 0.1130 714.650
6 11 0.0007 0.0082 0.1389 719.494
7 8 0.0004 0.0046 0.0780 295.690
8 9 0.0023 0.0363 0.3804 246.930
9 39 0.0010 0.0250 1.2000 238.650
10 11 0.0004 0.0043 0.0729 495.940
i0 13 0.0009 0.0043 0.0729 559.50
13 14 0.0018 0.0101 0.1723 561.0
14 15 0.0009 0.0217 0.3660 240.40
15 16 0.0009 0.0094 0.1710 421.416
16 17 0.0007 0.0089 0.1342 276.590
16 19 0.0016 0.0195 0.3040 595.790
16 21 0.0008 0.0135 02548 412.70
16 24 0.0003 0.0059 0.0680 56.28
17 18 0.0007 0.0082 0.1319 270.640
17 27 0.0013 0.0173 0.3216 131.330
21 22 0.0008 0.0140 0.2565 848.20
22 23 0.0006 0.0096 0.1846 88.380
23 24 0.0022 0.0350 0.3610 480.1
25 26 0.0032 0.0323 0.5130 228.20
26 27 0.0014 0.0147 0.2396 410.010
26 28 0.0043 0.0474 0.7802 163.20
26 29 0.0057 0.0625 1.0290 242.70
28 29 0.0014 0.0151 0.2490 488.80
11 12 0.0016 0.0435 0 735
12 13 0.0016 0.0435 0 79.69
19 20 0.0007 0.0138 0 347.90
1 6 0.0000 0.0250 0 1092.22
10 32 0.0000 0.0200 0 970.70
19 33 0.0007 0.0142 0 890.70
20 34 0.0009 0.0180 0 712.0
22 35 0.0000 0.0143 0 924.1
23 36 0.0005 0.0272 0 789.80
25 37 0.0006 0.0232 0 850.69
2 30 0.0000 0.0181 0 676.18
29 38 0.0008 0.0156 0 11729




