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Study on the crucial element and its monotone in power grid part 11I: applications
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(School of Electrical Engineering, Shandong University, Jinan 250061, China)

Abstract: The applications in power systems of the proposed crucial element and its monotone are investigated. A method of
crucial element identification is proposed based on a certain time-level load forecasting data and the given operation mode. The
applications of crucial element and its monotone characteristic in the area of network transmission capability assessment, security
early warning and network structure evaluation are discussed. The fundamental reason for the complexity of power grid is pointed out,
and the essence of the simplification caused by the proposed idea is analyzed. The results of Shandong 500kV power grid test verify

the proposed method.
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Fig. 1 Flow chart of the identification of crucial element
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Fig.2 Structure of Shandong 500kV power grid
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Fig.3 Ircg of Shandong 500 kV power grid in an hour
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Fig.4 Load-rates of heavy and light load under the mode of the
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Tab.1 Branch data of Shandong 500kV system (in p.u.)

branch r X b2 limit
1-4 0.000 500 0.006 580 0.413 438 22.7325
1-14 0.001 582 0.015 748 0.972 956 227325
2-3(Dbl.) 0.000 604 0.008 384 0.474 075 22.7325
2-15(Dbl.) 0.000 530 0.007 356 0.416 194 227325
3-4 0.000 689 0.007 232 0.402 413 22.7325
3-7 0.001 000 0.010 489 0.582 947 22.7325
3-11 0.000 746 0.007 829 0.434 109 227325
4-5 0.001 007 0.010 566 0.587 081 227325
4-8 0.000 419 0.004 395 0.243 928 22.7325
5-6 0.001 121 0.015 556 0.879 244 227325
5-9(Dbl.) 0.000 762 0.007 992 0.443 756 227325
5-10 0.000 788 0.010 927 0.620 156 22.7325
6-10 0.000 571 0.007 926 0.447 891 22.7325
7-8 0.000 750 0.010 403 0.588 459 22.7325
7-16 0.001 021 0.014 159 0.800 691 22.7325
7-17(Dbl.) 0.000 700 0.009 730 0.547 116 227325
7-18 0.000 905 0.014 570 0.527 822 227325
8-9(Dbl.) 0.000 524 0.005 494 0.304 566 227325
8-18 0.001 810 0.022 608 1.055 644 227325
10-20(Dbl)  0.000 609 0.008 459 0.476 831 22.7325
11-14 0.000 577 0.006 058 0.336 262 227325
12-19 0.000 766 0.010 657 0.599 484 227325
12-13 0.000 684 0.009 491 0.536 091 227325
13-20 0.000 639 0.008 865 0.500 259 22.7325
18-19 0.000 346 0.004 810 0.270 112 227325
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Tab.2 Injective active power of Shandong 500 kV power grid every 5 minutes in an hour (in p.u.)

BB
55 1 2 3 4 5 6 7 8 9 10 11 12

1 076 -08 -084 -075 -08 -074 -071 -072 -078 -076 -0.82 -0.88
2 -166 -154 -138 -129 -120 -1.15 -1.12 -1.14 -098 -1.13 -125 -1.26
3 -1.59  -153  -144  -154 -154 -139 -130 -130 -1.25 -1.37  -157 -1.54
4 -5.58 556 562 -548 -561 -540 -531 -529 -543 537 -541 -544
5 -6.14 655 -6.65 -666 -650 -649 -636 -635 -642 -641 -638 -628
6 -478 495 -497 487 -494 478 469 -483 -492 -475 475 479
7 -122 -098 -089 -08 -077 -073 -074 -083 -060 -075 -080 -0.93
8 -291 281 296 -278 -289 -284 269 -267 -269 -270 -272 -275
9 -862 -88 -877 -894 878 -883 -864 879 -868 -880 -874 -855
10 -5.19 -561 -552 -557 -548 -542 -549 546 -562 -541 -5.60 -5.63
11 -273 278 279 267 273 268 -268 264 -270 -273 -2.80 -2.80
12 -563 -566 -559 559 564 -561 -566 -561 -564 -563 -567 -559
13 -281 -28 -289 -292 -290 -28 -286 -2.88 -294 -290 -290 -291
14 12.76 1414 1393 1343 1343 1272 1215 1269 1291 12,69 1350 13.59
15 6.77 6.63 6.61 6.53 6.53 6.44 6.47 6.33 6.24 6.33 6.37 6.11
16 3.96 3.84 3.78 3.85 3.86 3.87 3.81 3.78 3.77 3.82 31 3.80
17 941 9.28 9.23 9.20 9.10 9.07 9.05 9.02 9.01 9.09 9.03 9.09
18 15.03 1501 1507 15090 1507 1503 1495 1487 1487 1492 1499 1495
19 -0.16 -015 -0.14 -012 -012 -012 -0.11 -011 -010 -0.11 -0.12 -0.12
20 2.51 2.45 2.55 2.62 2.61 2.62 2.59 2.60 2.65 2.63 2.56 2.60
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Tab.3 Crucial element and its load-rate of Shandong 500 kV power grid every 5 minutes in an hour

E 1 2 3 4 5 6 7 9 10 11 12
1RiR 8
CE 7-8 758 758 758 78 758 78 T8 78 78 7-8 78
Irce 0444 0451 0453 0452 0452 0450 0444 0443 0448 0446 0444 0442
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