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Abstract: With the continuous development of China's power industry and the rapid increase in the penetration
rate of new energy, while meeting the daily load demand, the scale of the power grid has gradually expanded,
making it very difficult to construct a complete frequency response model of complex power systems. Aiming at the
problem that the excessive parameters in complex power grids make it difficult to establish a system equivalent
frequency response model, a system boundary division method based on the propagation characteristics of
electromechanical disturbances was proposed. The propagation characteristics of electromechanical disturbances
were analyzed in the continuum model. Starting from the critical frequency threshold of electromechanical
disturbance propagation and the response time of generators, hierarchical clustering was performed on the
composite electromechanical distances of generators affected by disturbances to determine the degree of close
connection between different generators, and a boundary division method for complex power grids was determined
to simplify the complexity and calculation scale of system frequency response (SPR) analysis. Finally, taking the
IEEE 10-machine 39-bus system as a calculation example, three different typical disturbances were set in Matlab/
Simulink simulations to verify the effectiveness and adaptability of the proposed system boundary division method
under different disturbance scenarios.
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16 24 0.005 9 0.000 3 0.068 0 G, 33 6.783 2315 2.93
17 27 0.017 30 0.001 3 0.3216 G, 34 6.362 2264 2.81
19 33 0.014 20 0.0007 0.000 0 G, 36 6.471 1721 376
20 34 0.0180 0.0009 0.000 0 G 37 5.408 2563 211
2 35 0.0143 0.000 0 0.000 0 G 38 6.234 5 464 253
23 36 0.0272 0.000 5 0.000 0 G, 30 5952 2613 501
25 37 0.023 2 0.000 6 0.000 0 W, 35 6.663 1977 337
S o/ oS 0O IET LIRS SRS
29 38 0.0156 0.000 8 0.000 0 G, 52 ML B S m A & bl G,, G,, Gy, Gs,
31 6 0.0250 0.000 0 0.000 0 G,, Gy, G2 E SN IERED ", thE 4 R,
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Tab.4  Calculation results of composite electromechanical

distance (power surge)

S %Hﬁ\ﬂ%mﬂ - B B
s 1 % AL ED /s ED /s ED"ls
sV

39 30 0.30/0.212  0.46/0.325  0.380/0.269
39 31 0.26/0.184  0.48/0.339  0.370/0.262
39 32 0.31/0219  0.50/0.354  0.405/0.286
39 33 0.27/0.191  0.53/0.375  0.400/0.283
39 34 0.30/0.212  0.52/0.368  0.410/0.290
39 37 0.23/0.163  0.47/0.332  0.350/0.247
39 38 0.31/0.219  0.49/0.346  0.400/0.282
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Fig.7 Hierarchical clustering results under power surge condition
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Fig.8 Comparison of system frequency response
under power surge condition
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Tab.5 Calculation results of corner frequency and propagation

coefficient (generator tripping fault)

T T S 290 b
w, @,

G, 38 — — —
G+W, 39 5.882 2.325 2.53
G, 31 6.170 1.864 3.31
G, 32 5.581 1.783 3.13
G, 33 5.912 2.104 2.81
Gy 34 5.840 2.035 2.87
Gy 36 5.429 2.163 2.51
G, 37 5.848 2.510 2.33
G, 30 5.859 2.431 2.41
W, 35 5.766 2.089 2.76
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Tab.6  Calculation results of composite electromechanical

distance (generator tripping fault)

s 2

Wi gy 00 s EDT
38 30 0.41 0.30 0.355
38 33 0.37 0.32 0.345
38 34 0.35 0.33 0.340
38 35 0.43 0.36 0.395
38 36 0.33 0.35 0.340
38 37 0.30 0.29 0.295
38 39 0.51 0.30 0.405
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Fig.9 Hierarchical clustering results under generator tripping fault
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Fig.10  Comparison of frequency response curves

under generator tripping fault
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Tab.7 Calculation results of corner frequency and

propagation coefficient (line outage fault)

, Aw
RS — 1% 1% PC

@, @y
G, 33 — — —
G+W, 39 4.210 1.769 2.38
G, 31 4.697 1.864 2.52
G, 32 4.386 1.783 2.46
G, 34 4.476 1.913 2.34
Gy 36 4.367 1.768 2.47
G, 37 4.979 1.611 291
Gy 38 4.363 1.610 2.71
Gy 30 4.688 1.589 2.95
W, 35 4411 1.877 2.35
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Tab.8 Calculation results of composite electromechanical

distance (line outage fault)

WE ARSI

Wi RAEHL A EDys Dss  ED
33 30 0.42 0.39 0.410
33 31 0.40 0.41 0.405
33 32 0.52 0.47 0.495
33 34 0.27 0.30 0.285
33 35 0.40 0.33 0.365
33 36 0.30 0.32 0.310
33 37 0.25 0.35 0.300
33 38 0.41 0.37 0.390
33 39 0.53 0.38 0.455
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Fig.11 Hierarchical clustering results under line outage fault
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Fig.12  Comparison of frequency response curves

under line outage fault
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