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Power grid N-1 key branch identification based on dynamic analysis method

LUO Yanfei, LIU Guangye, XIE Dongdong, YAN Tingxin, LI Xinhong, XIAO Baixue
(College of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract: Power system is a strongly nonlinear time-varying system, while it has large limitation when using traditional
method such as Thevenin equivalent parameters to evaluate system voltage stability of nonlinear power system with
dynamic feature. Based on dynamic analysis method of non-analytical complex power system, this paper puts forward
normal impedance modulus margin index to access the N-1 system PQ node voltage stability, and uses the index to assess
the node voltage stability weakest level of N-1 network. In addition, the minimum normal impedance margin value
determines overall level of the system voltage stability, through opening important branches of the standard IEEE14 nodes
system, it calculates the nodes minimum normal impedance modulus margin after branches opened. Then it compares this
minimum normal impedance modulus margin values to find out the corresponding opened branch when the system
voltage stability is weakest, and thinks this branch as key branch, so as to provide reference for power system planning
and scheduling. The simulation results verify the correctness and effectiveness of this method.
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Fig. 1 Dynamic equivalent circuit of /-1 system
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Table 2 IEEE14 nodes system when the remained important

lines opened the load nodes normal impedance modulus margin

A faf T S 5 B 0 I (19 67 A 1 v 1) B USSP

RO 47 7-8 79 9-14 13-14
4 0.9708 — 09712 09732 09704
5 0.9715 — 0.9713 0.9741 0.9735
9 0.9503 — 09130 09620  0.9487
10 0.9510 — 09198 09618 09502
1 0.9706 — 09542 09772 09707
12 0.9830 — 09800 09811 0.9878
13 0.9748 — 09690 09705  0.9859
14 0.9430 — 09186 09257 09166

min 0.9430 — 09130 09257 09166
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Table 1 IEEE14 nodes system when partial important lines

opened the load nodes normal impedance modulus margin

Bifif TF TSI BT I S Ao 1 w2 ) BELBOAS A 32

Rl — 1-2 1-5 2-3 5-6
4 0.9725 — 0.9461 0.9050 0.9449
5 0.9744 — 0.9448 0.9274 0.9567
9 0.9588 — 0.9483 0.9291 0.8743
10 0.9588 — 0.9502 0.9338 0.8509
11 0.9755 — 0.9710 0.9622 0.8161
12 0.9836 — 0.9827 0.9812 0.7793
13 0.9769 — 0.9754 0.9721 0.7829
14 0.9491 — 0.9424 0.9297 0.8129

Himin 0.9491 — 0.9424 0.9050 0.7793
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Fig. 3 Minimum normal impedance modulus margin values
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