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Calculating method of the thermal stability control limit considering the structural
vulnerability of the component and environmental temperature uncertainty
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(1. School of Electric Power Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. East China Electric Power Control Center, Shanghai 200120, China)

Abstract: Taking the differences in the operation needs of different components of the power system into account, a
method for calculating the thermal stability control limit of components considering the structural vulnerability of the
components and the uncertainty of the environmental temperature is proposed. By integrating the transfer coefficient
multiplexing index and transferring the Theil entropy index as component weight indicators, a thermal stability limit
calculation model that improves the safety margin of vulnerable components is established. Furthermore, the uncertainty
of the component's environmental temperature is considered by using the opportunity constraints of the dynamic current
carrying capacity of the wire to replace the traditional short-term overload capacity constraints. The transmission potential
of existing equipment is tapped and the risk caused by the environmental temperature exceeding the agreed value of the
regulations is reduced. The analysis of a numerical example validates the effectiveness of the proposed method.
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Fig. 1 Simple example of transfer coefficient multiplexing index
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Table 1 Sorting results of transfer coefficient multiplexing index

o A LEZETS o . LEZETS
e JotE sk iy JofE sk
1 16-15 6.114 6 25-2 5.095
2 1-39 5.852 7 16-17 4.641
3 2-1 5.823 8 14-4 4.551
4 26-27 5.208 9 13-14 4.455
5 2-3 5.180 10 17-27 4.291
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Table 2 Sorting results of transfer Theil entropy index

y A R RIK . A R
fry JofE - fry JotE -
1 28-26 1.465 6 21-16 1.126
2 22-23 1331 7 22-21 1.084
3 24-16 1.309 8 23-24 1.018
4 29-26 1.233 9 5-8 0.949
5 29-28 1.179 10 13-12 0.930
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Table 3 Comparison of component importance sorted result

Hep AR NE S 1 25 G FR AR A g A # )
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2 252 16-19
3 2324 16-15
4 1-39 14-15
5 13-14 17-27
6 2-1 252
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9 2221 2-3
10 26-27 13-14
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Table 4 Comparison of safety margin and weighted margin

for components 25-2 and 26-27

JofE LA IR
25-2 4.243 3.967
26-27 3.133 3.381
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Fig. 5 Comparison of calculation results between
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Table A Component information
Juff R —/MW R /MW R =/ MW i Z3 eI R SRNESS TE SR A TR AR
1-39 865 934 1136 5.852 0.614 3.595
2-1 860 928 1130 5.823 0.616 3.584
2-3 1146 1090 1488 5.180 0.567 2.936
3-4 962 848 1056 3.519 0.664 2.336
5-4 1075 966 1268 3.373 0.774 2.611
5-8 1015 972 1276 2435 0.949 2.310
6-5 1011 968 1270 2.570 0.809 2.079
6-7 891 937 1230 2.597 0.879 2282
7-8 891 937 1229 2.480 0.930 2.306
9-8 443 909 1 089 4.236 0.689 2917
10-11 982 902 1184 3.675 0.688 2.527
10-13 864 943 1238 3.882 0.773 3.002
11-6 989 882 1158 2.868 0.892 2.558
11-12 680 1255 1076 4.074 0.700 2.852
13-12 678 1212 1591 2.502 0.930 2.327
13-14 859 965 1267 4.455 0.807 3.594
14-4 1036 1123 1474 3.307 0.757 2.504
14-15 537 627 739 4.551 0.600 2.730
16-15 1073 1211 1428 6.114 0.631 3.860
16-17 772 633 747 4.641 0.604 2.805
17-18 1013 906 1102 3.817 0.647 2.468
17-27 337 829 829 4.291 0.802 3.440
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Jift FR—/MW B /MW BT = /MW A AHSH AN LR lESS TESE AR bR
18-3 1017 910 1319 2.963 0.717 2.124
19-16 1845 1 845 1699 / / /
19-20 2700 2699 2699 / / /
21-16 1165 1130 1041 3.066 1.126 3.451
22-21 1171 1136 1 046 3.102 1.084 3.364
22-23 673 708 652 2.009 1.331 2.675
23-24 676 711 655 3.583 1.018 3.645
24-16 168 437 402 2.034 1.309 2.662
25-2 1014 948 1128 5.095 0.750 3.820
25-26 824 890 1082 4.237 0.741 3.138
26-27 835 901 1096 5.208 0.639 3.329
28-26 1183 980 1174 1.093 1.465 1.602
29-26 655 859 1028 2.100 1.233 2.588
29-28 1192 988 1183 1.387 1.179 1.636
30-2 2700 2700 2700 / / /
31-6 2643 2639 2625 / / /
32-10 2700 2700 2700 / / /
33-19 2700 2700 2700 / / /
34-20 2700 2700 2700 / / /
35-22 2700 2700 2700 / / /
36-23 2700 2700 2700 / / /
37-25 2700 2700 2700 / / /
38-29 2700 2700 2700 / / /
39-9 658 913 1112 4.260 0.692 2.949
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