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Fig.1 Dual-generator power system
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Table 1 Transmission line parameters of Dezhou Grid

ETRCAN 3 HLBH AL 1/2 % Hb 8 44
1 1-2 0.9029 7.1302 0.000042300
2 1-2 0.9067 7.1610 0.000042480
3 1-5 1.9227 15.1844 0.000090070
4 1-6 1.2032 9.5018 0.000056 360
5 1-7 0.8779 6.9331 0.000041130
6 1-8 0.5195 4.1026 0.000024 340
7 1-8 0.5195 4.1026 0.000024 340
8 1-9 2.0147 11.6496 0.000046420
9 1-10 4.7828 27.3936 0.000111200
10 2-3 0.1180 0.7269 0.000004312
11 2-3 0.3460 2.1314 0.000012640
12 4-5 1.0355 8.1774 0.000048510
13 4-6 2.1395 11.2661 0.000037010
14 6-7 0.5601 4.4229 0.000026240
15 6-12 3.2564 17.1475 0.000056330
16 9-12 5.8768 30.9462 0.000101700
17 10-11 0.9122 7.2041 0.000042730
18 11-12 1.3845 10.9340 0.000064 860
19 12-13 0.7805 4.1101 0.000013500
20 12-13 0.7805 4.1101 0.000013500
21 12-14 2.6006 10.5264 0.000033 110
22 12-16 1.7179 11.7744 0.000068990
23 12-16 2.1826 13.6421 0.000061 880
24 13-14 1.1581 6.098 1 0.000020030
25 14-15 2.6200 8.6400 0.000026330
26 14-16 0.9445 7.4628 0.000044270
27 15-16 1.6920 10.4227 0.000061 830
28 16-17 1.5401 12.1629 0.000072 150
29 16-17 1.5386 12.1506 0.000072080
30 16-20 3.0099 17.7185 0.000102200
31 16-21 0.1775 1.4014 0.000008313
32 16-21 0.1771 1.3983 0.000008 295
33 16-22 0.9960 6.1354 0.000036400
34 16-22 0.9960 6.1354 0.000036400
35 17-18 27772 14.6241 0.000048 040
36 18-19 0.8892 54772 0.000032490
37 19-20 29180 17.9749 0.000 106 600
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Table 2 First four eigenvalues and corresponding
contribution rates of similar matrix

BRI BUHER / % BRTTIRE /%
14.7519 67.05399 67.05399
7.2480 32.9455 99.99945

0.00009936 0.0004516 99.999905
0.00001609 0.00007313 99.99998
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Table 3 Results of node aggregation at
premier second sampling instant
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Fig.3 Actual voltage magnitude variation at
premier second sampling instant
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Table 4 Results of node aggregation learning
with premier twenty samples
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Table 5 Results of node aggregation learning
with premier fifty samples
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Table 6 Results of node aggregation learning
with premier two-hundred samples
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Table 7 Results of node aggregation learning
with premier seven-hundred samples
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Fig.4 Actual operational voltages at premier
twentieth sampling instant
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Fig.5 Actual operational voltages at premier
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Fig.6 Actual operational voltages of node 2 and 3
at premier two-hundredth sampling instant
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Fig.7 Actual operational voltages of node 2 and 3
at premier seven-hundredth sampling instant
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Grid node aggregation law based on Q-factor learning in wide-area environment

HAO Guangtao', HAN Xueshan', LIANG Jun',YUN Zhihao',DONG Xiaoming?,ZHANG Xueqing®
(1. Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education,Shandong University,
Ji’nan 250061 ,China;?2. State Key Lab of Control and Simulation of Power Systems and Gerneration Equipments,
Department of Electrical Engineering, Tsinghua University, Beijing 100084, China;
3. Jinan Municipal Electrical Power Company,Ji’nan 250012, China)
Abstract: As the grid-connection of large-scale renewable energy and the reform of deregulated electricity
market make the centralized online node-voltage security analysis,dispatch and control even difficult,a
regulation theory of node aggregation based on the progressive learning in the condition of panoramic
process observability for power system operation is proposed,which adopts the power grid dispatch mode of
“interacted local autonomy and central control”. A method based on Q-factor learning is proposed to mine
the law of node aggregation,which,based on the traditional node voltage equation and the equivalent models
of generator and load,obtains the analytical relationship between the node voltage phasor and the electric
potential in the wide-area environment,deduces the influencing factor of voltage magnitude variation during
two successive measurements,and achieves the aggregation law of nodes with same direction of voltage
magnitude variation through the process of Q-factor learning. The simulative analysis for Dezhou Grid
verifies the correctness and effectiveness of the proposed method.
Key words: electric power systems; panoramic process observability; progressive learning; interacted local

autonomy and central control; node aggregation; Q-factor; models; wide area measurement; dispatch
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