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Applied research on power flow algorithm based on small disturbance theorem of generalized
Tellegen’s theorem for power system with photovoltaic power

GANG Mingying', LU Baochun', JIANG Pijie', YU Changwu®
(1. Department of Electrical Engineering, Liaoning University of Technology, Jinzhou 121001, China;
2. School of Chemical & Environment Engineering, Liaoning University of Technology, Jinzhou 121001, China)

Abstract: Generalized Tellegen’s theorem is independent of physics attribute and has a bearing on the mathematical
models. So it has been applied widely in power system. Considering the photovoltaic grid-connected factors, photovoltaic
power can be configured as the PQ node in power flow calculation. According to small disturbance theorem, the new
modified equation based on the Generalized Tellegen’s theorem is established on current-influx model basis. Then,
according to the established the new modified equation, photovoltaic power is connected to the IEEE30 test system of
pipeline. Example analysis demonstrates that the new algorithm is superior to traditional algorithm in calculation speed
and iteration number, and it also shows that Generalized Tellegen’s theorem has important application values in power
system with photovoltaic power.
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Fig. 1 Diagram of PV flow calculation based on general

Tellegen’s theorem
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Table 1 Calculation results of different nodes and light connected PV system

A7 AGENH DY H pau. A DA RGN DI L%
5 Tnikb 7 AL 21 ke 5 Tsikb 7 AL 21 ikt
100% 78 2 2.13535 2.136 07 2.136 64 2.99 3.03 3.05
50%4 213819 2.138 51 213872 3.12 3.14 3.15
0% G 2.142 23 2.142 31 2.142 38 3.30 3.31 3.31




LA, 4%

I X Tellegen i BRI/ IUAN E BAAE S SEARINT 1B J7 R EEE % rh 10 B T BE ST

- 35 -

R 2 RRREE 7 R BRIt ESR

Table 2 Calculation results of No. 7 node connected PV system

R 100%(FEAL) 50%(A2)
HRY — —
’ HL S I EL/p.u. HL I T 1 /pou. HL S I EL/p.u. HLE T 1 /pou.

1 1.05 0 1.05 0
5 1.005 800 -8.382 529 1.005 800 -8.683 987
6 1.021 948 -5.988 128 1.021 937 -6.236 563
7 1.009 384 ~7233275 1.009 221 ~7.653914
20 1.035 930 -10.356 014 1.035 890 ~10.587 366
21 1.040 872 -9.995 661 1.040 824 -10.231213
22 1.041 405 -9.988 985 1.041 358 ~10.224 409
31 1.028 561 -6.405 309 1.022 098 ~7.459 538

*3 TABRBRTHHRHTESER
Table 3 Calculation results of no light

o -
A - AR 0%(TS G )
o IR E/p.u. AR S /p.u.
1 1.05 0
5 1.005 800 -9.005 302
6 1.021 205 -6.478 066
7 1.006 185 -8.024 616
20 1.035 472 -10.816 778
21 1.040 360 -10.463 930
22 1.040 895 -10.457 041
31 1.003 187 -7.797 565
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Table 4 Comparison of two power flow algorithms
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