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Fig.1 Variation curves of nodal frequency

under different system inertia values
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Fig.2 Model of nodal inertia response
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Fig.3 Estimation results of nodal inertia for disturbance

faults of different locations and sizes
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Estimation method of power system nodal inertia based on
multi-innovation identification
LI Yuanchen', WEN Yunfeng', YE Xi*>,JIANG Xiaoliang’, LIN Xiaohuang'
(1. College of Electrical and Information Engineering, Hunan University,Changsha 410082, China;
2. State Grid Sichuan Electric Power Company,Chengdu 610041, China;
3. State Grid Henan Electric Power Company Economic Research Institute,Zhengzhou 450000, China)

Abstract: With a high proportion of new energy sources connected to the grid, intensive access to large-
capacity DC and continuous shutdown of conventional power sources,the originally relatively balanced inertia
resource distribution pattern of the power system has been broken,and new changes in the spatial distribu-
tion of rotational inertia have occurred. In order to enable system operators to sense the spatial distribu-
tion of inertia in time and locate the weak nodes of inertia accurately,an estimation method of power system
nodal inertia based on multi-innovation identification is proposed. Firstly,based on the analysis of the system
inertia resources to nodal inertia support role,the inertia spatial distribution estimation model is built based
on the output error moving average model. Then,the parameters to be identified in the model are solved
using a multi-innovation identification method to derive the equivalent inertia of all nodes in the system
and to evaluate the spatial distribution of inertia of the whole system. Finally,simulations are carried out on
the IEEE 39-node system to verify the effectiveness of the proposed method and its adaptability to faults
of different scales and locations.
Key words: electric power systems;spatial distribution of inertia; output error moving average model; nodal

inertia; multi-innovation identification ; frequency stability
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Fig.A1 Flowchart for estimating the inertia spatial distribution based on multi-innovation identification

E A2 IEEE 39 S &%
Fig.A2 IEEE 39-bus system



R®AL KOERNTREL%XBHIREMITER

Table A1  Estimation results of synchronous generator inertia under large load off-grid

it E /s R/ %
PR HL SERRI /s
KRIHE SITHE LSIiE AXXHvE SIT ik LSI 5
Gy 5.95 6.10 5.48 5.44 2.61 7.88 8.55
G, 2.58 2.68 2.69 2.32 4.10 427 9.86
Gs 3.90 3.97 429 4.14 1.90 10.03 6.23
Gy 3.20 3.31 2.65 2.83 3.23 17.26 11.76
Gs 3.62 3.70 3.06 3.12 2.08 15.61 13.86
Gs 3.79 3.72 3.84 3.19 1.90 1.21 15.83
Gy 3.34 3.28 3.71 2.76 1.84 11.24 17.23
Gs 3.18 3.03 3.29 2.67 497 321 16.25
Go 2.94 2.98 2.63 2.81 1.08 10.52 458
G 354 3.60 331 353 1.74 6.41 0.20

R A2 HEBRETREILLEHNIREMITER

Table A2 Estimation results of synchronous generator inertia under generator outages

flivH{E /s R/ %
FB Rl Sebrffii/s
A7 SITTiE LSV Uik A7k SITHik LS5k
G 5.95 5.79 5.46 5.27 2.64 8.20 11.44
G, 2.58 2.61 2.32 2.24 1.23 9.80 13.20
Gs 3.90 3.77 3.64 3.65 331 6.71 6.35
Gy 3.20 3.39 2.83 2.90 5.74 11.59 9.44
Gs 3.79 3.63 3.32 3.15 4.24 12.33 16.87
Gy 3.34 3.15 2.84 2.70 5.67 14.91 19.08
Gs 3.18 3.02 2.85 2.56 5.17 10.51 19.52
Go 2.94 2.94 2.56 2.48 0.11 13.10 15.79
Gio 3.54 3.57 3.07 3.09 0.68 13.26 12.74

® A3 ERSTELSLXBHIREM[ITER

Table A3  Estimation results of synchronous generator inertia under quasi-steady state

fliit1E/s WRZE/%
FZ Rl Sebrfiii/s
A7 SITTIHE LSV 75k A7k SITTrik  LSIT7ik
G 5.95 5.82 551 8.03 2.24 7.30 34.93
G, 2.58 2.47 1.90 3.07 3.97 26.21 19.31
Gs 3.90 3.75 4.09 2.38 3.76 4.85 39.02
Gy 3.20 3.06 2.83 2.15 4.40 11.77 32.95
Gs 3.62 3.55 3.04 3.38 1.98 16.02 6.61
Gs 3.79 3.62 3.13 3.15 4.49 17.50 17.03
G 3.34 3.40 271 3.57 1.74 18.70 6.87
Gg 3.18 3.14 2.85 3.02 1.30 10.37 5.29
Go 2.94 3.11 2.80 3.29 5.62 5.01 11.62
Gio 3.54 3.72 3.18 4.16 5.02 10.23 17.53
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Table A4  Generator inertia

s X FERBREAL BiE/s | Bt X FERBRAENL RS

G1 4.6 G, 2.8

G, 35 G, 35

Pl Gs 3.7 Fe Gs 3.7

Gs 4.6 Gg 2.6

Gio 45 Gio 25

RS Gy 2.8 R 6 Gy 45
Gs 2.6 Gs 4.4

A Ge 25 gl Ge 4.6

Gy 2.6 Gy 4.4

Go 3.1 Gy 4.4
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Fig.A3 Visualization interface of spatial distribution of system inertia
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Fig.A4 Evolution of spatial distribution of inertia
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