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New energy power system critical inertia estimation method considering frequency stability constraints
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Abstract: Given the influence of the weak inertia and zero inertia characteristics of grid-connected new energy on power
system frequency stability, a new energy power system critical inertia estimation method that takes into account frequency
stability constraints is proposed. First, this paper establishes a mathematical model of the system frequency dynamic
response, and solves the time-domain expression of the inertia center frequency. Then, based on the frequency response
model, the relationship between the system inertia and the related frequency stability index is established and analyzed,
and then the frequency change rate and the frequency maximum deviation constraints are considered in order to estimate
the theoretical and calculated values of the system critical inertia. Finally, based on the critical inertia, a power system
frequency stability index is proposed to evaluate that stability after a power disturbance, and is combined with the actual
operating inertia of the power system to obtain a reference value of the new energy virtual inertia. In DIgGSILENT
PowerFactory, an improved IEEE 10-machine 39-node New England system and a regional power grid simulation
example are used to simulate and verify the proposed calculation method.
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Fig. 1 Dynamic frequency response model of power system
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Fig. 2 Frequency change curve of power system
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Table 2 Relative error of generator outage event

KL Hiip g ——

JIpL i A5 /s I 7145 B/

G03 5.31 5.36 0.94
Go4 5.19 5.24 0.96
GO5 4.35 4.41 1.37
G06 5.46 5.51 0.91
GoO7 4.86 4.89 0.62
Go8 4.76 4.82 1.26
G09 6.69 6.77 1.19
G10 1.83 1.85 1.10
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Fig. 6 Frequency change curve under different actual
inertia after GO3 was tripped
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IR GG TR R Hinin S S0Z6 %8 PEFE AR FSIOPS,
[F ) AL B0 5 Z G0 1 e KA S AR A 28 K fe KA
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Table 3 Experimental result data of a regional power grid calculation example

A PEHIMW I P B AR s FSIOPS ROCOFmax/(Hz/s) AfmadHz AR s
100 1.07 3.24 0.14 0.76 0.00
200 2.13 1.62 0.29 0.89 0.00
300 3.24 1.07 0.41 0.98 0.00
400 4.41 0.79 0.55 1.07 0.94
500 5.46 0.64 0.71 112 1.9
600 6.58 0.53 0.83 1.16 3.11
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