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Optimal power flow with transient stability constraint
under mutli-contingency conditions based on BCU method

JIANG Jan, LIU Ming-bo
(Eléctric Power College, South China University of Technology, Guangzhou 510640,China)

Abstract: According to boundary of stability region based controlling u.e.p.method(BCU method), analytical sensitivitives between
transient energy margin and active and reactive power of generators are solved, transient energy margin constraints are directly
incorporated into optimal power flow model,and hence a successive linear programming model of optimal power flow problem with
transient energy margin constraints under multi-contingency conditions is formulated. Through power flow calculation, BCU method
based transient stability calculation and sensitivity analysis of transient energy margin based BCU method and simplex algorithm
based linear programming solution alternately, optimal results can be obtained. ALlso, comparisons between the BCU method and
Mode of disturbance method are performed. During the alternating iteration process, Mode of disturbance method cannot ensure that
the controlling unstable equilibrium point will be obtained, But BCU method can give satisfactory results. Results on New England

10-machine and 39-bus system validate the proposed algorithm.
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Tab.1 Results of single contingency TSC-OPF

iR EERE BHE BEEME
13-14 &&13 200 475.677 18. 2937
13-14 &&14 124 475. 67 17. 4726
14-15 &&14 123 475. 67 18. 9541
14-15 &&15 118 475. 67 3.9529
15-16 &&15 194 475. 669 2.0587
15-16 &&16 106 475.984 0. 1459
31-25 &&31 80 488. 871 23. 659
31-32 &&31 92 478. 216 17. 6037
31-32 &&32 69 476. 198 12. 3583
32-18 &&18 ‘63 477. 544 13. 4186
32-33 &&33 200 475.676 12,5779
33-14 &&14 120 475.672 17. 8216
33-14 &&33 120 475.672 17. 8216
38-10 &&38 123 475.672 2.5152
38-10 &&10 123 475.672 19. 8754
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Tab.2 Change of CUEP, total fuel consumption and transient energy margin during iteration by MOD method

gtk o6 6 6 6, 6 6 O, 6 O O, CUPHEREME? RER  GERE
1 2.31 1.97 1.93 1.84 2.39 1.91 1.83 2.51 2.23 -1.43 H3h 594. 624 15.6172

2 2.31 1.97 1.93 1.84 2.39 1.91 1.83 251 2,23 -1.43 N2 590. 34 15. 1885

3 2.31 1.97 1.93 1.8 2.39 1.91 1.8 2,51 2.23 -1.43 TERTh 586. 777 15. 1315

4 2.1 1.87 1.8 1.87 2.13 1.8 1.8 2.03 2.17 -1.03 Th 583. 28 18. 7288

55 .79 1.62 1.45 2.08 1.88 1.80 1.91 2.26 1.87 -1.03 RLIh 481. 235 18. 6309

56 .79 1.62 1.45 2.08 1.88 1.80 1.91 2.25 1.87 -1.03 TEIh 480. 417 18. 7377

122 1.78 1.75 1.47 2.11 1.87 1.8 1.90 2.24 1.85 -1.04 ARIh 475. 68 18. 623

123 .77 1.76 1.48 2.11 1.88 1.81 191 2.22 1.8 ~-1.04 R 475. 675 18.374
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Tab.3 Change of CUEP, total fuel consumption and transient energy margin during iteration by BCU method

gk & 6, 6 o6, o6 6 6 & 6, & CUEP RABIHE? BHEE  REWE
1 1.37 1.88 ~1.89 1.8 1.91 1.84 1.83 1.86 2.16 -1.03 Hxh 594.624  15.3289

2 1.50 1.82 1.82 1.8 1.87 1.80 1.79 1.97 2.20 ~-1.03 BRI 590.300  16.2215

3 .53 1.80 1.81 1.79 1.8 1.80 1.78 1.98 2.20 -1.03. 525)] 586.770  16.2208

4 .55 1.79 1.8 1.79 1.8 1,81 1.78 1.98 2.21 ~-1.04 HIh 583. 200 17. 2258

55 1.86 1.37 1.54 1.58 2.14 1.8 1.74 1.76 2.50 -1.03 B 481.235  19.9751

56 1.86 1.37 1.54 1.57 2.15 1.86 1.74 1.75 2.50 -1.03 RIh 480.417  19.9654

122 1.87 1.24 1.52 1.54 2.14 1.8 1.75 1.78 2.53 ~-1.02 o 475,677  19.9534

123 .88 1.23 1.51 1.54 2.14 1.8 1.74 1.79 2.53 ~-1.02 HRIh 475.672  19.8754




-12- I TEEX T EE L

4 HESELSR

Tab.4 Results of contingencies grouping

5 A W e SR
1 13-14 &&13. 13-14 &&14 15-16 &&15.
496. 01
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508. 73
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497. 06
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BT 14-15 &&14. 14-15 &&15 16-17 &&17.
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£9
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12
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BN AE
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/B
Fl4
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Y i)
# o El5
26-27 &R27. 26-29 &&26 32-18 &&18  493.74
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#N $16 22-23 8823, 33-14 &&33 35-11 &&35. 515,84
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18
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Tab. 5 Optimal power flow results under mutli-contingency

conditions based on MOD method

. e o VT B CUEP Rt 8K
WO RREER REWE R
AR E
38-10 &&38 476.671 7.6482 19
Bk 38-10 &&10 475.675 18.374 7
30-10 &&10 475.674 22,74 10
I (38-10 38-10 &&38 8.321 22
&&10 0 38-10 483.98
38-10 &&10 20. 574 10
&&10)
38-10 &&38 14. 531 25
=ibE (38-10
4435 A1 3810 38-10 &&10 492.69  25.365 12
&&10 F1 30-10 ’ ’
8£10)
30-10 &&10 29. 451 15
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Tab.6 Optimal power flow results under mutli-contingency
conditions based on BCU method

, . VFELCUEP Aiél
W OE BER RERE .
B EERE
38-10 &438 475.672  2.512 0
B 38-10 &&10 475.672 19.8754 0
30-10 &&10 475.672 10. 1476 0
MR (3810 38-10 &&10 2. 612 0
&&10 1 38~10 476. 98
38 38-10 &&38 19. 965 0
= (38-10 38-10 8438 3.251 0
838, 38-10 90 10 8810 482,69  20.651 0
&&10 F130-10
&&10) 30-10 &&10 11.523 0
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