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Resonance Stability Analysis Method for Power Systems Based on Impedance
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Abstract: Due to the negative resistance characteristics of power electronic devices, high-penetration renewable energy power
systems face significant resonance stability issues. Limited by heavy high-order determinant computations, the conventional s-domain
node admittance matrix method becomes inefficient for large systems. To address this problem, the s-domain node admittance matrix
method is optimized by impedance aggregation, enabling fast resonance stability analysis for high-penetration renewable energy
power systems. Firstly, the s-domain impedance models of typical components in high-penetration renewable energy power systems
are presented, together with the procedures of the conventional s-domain node admittance matrix method. Next, a general impedance
aggregation method independent of system topology and scale is proposed. The partial inheritance of resonance modes and node volt-
age mode shapes in impedance-aggregated systems is revealed, and regional observability and regional linkage are introduced to
distinguish global modes and local modes. Then, node numbering rules and analysis procedures for the optimized method are
developed, transforming the resonance stability analysis for the complete system into a collection of subsystem analyses, and the ef-
ficiency improvement is verified in terms of asymptotic computational complexity. Finally, resonance stability analysis is conducted
on an offshore wind power system in Zhejiang Province, validating the effectiveness of the proposed method.
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Fig. 3 Efficiency comparison of optimized and original
algorithms
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Fig. 4 Target offshore wind power system
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Tab. 1 Resonance modes of the target system (traditional

method)
%' o5 fo/Hz ¢
1 50. 82 105. 68 0.076 3
2 90. 20 158.77 0.090 1
3 15. 88 253.21 0.0100
4 364. 31 979. 69 0.059 1
5 259. 36 1310.95 0.0315
6 251. 81 1425.32 0.028 1
7 375.55 1581.89 0.037 8
W RS .

Fx2 BHRZRFEBIRESHIEMLFE)
Tab. 2 Resonance modes of the target system (optimized
method)

CCR 7378 73-# WL A Sy B M

' - =
o./s f./Hz 14 o./s f./Hz {

2 90.20 158.77 0.0901
3 15.88  253.21 0.0100 15.89 253.21 0.0100
4 364.31  979.69 0.0591 364.41 979.68 0.059 1
5 259.33 1310.95 0.0315 259.49 1310.96 0.0315
6 251.88 1425.32 0.0281 251.77 1425.31 0.0281
7 375.39 1581.89 0.0377 375.47 1581.89 0.0377

o T%%B%%%ﬁ T%%C%%%ﬁ
o../s f/Hz 14 o../s J/Hz 14

1 50.85 105.68 0.0764
2

3 15.88 253.21 0.0100 15.88 253.21 0.0100
4 364.31  979.69 0.0591 364.38 979.69 0.059 1
5 259.33 1310.95 0.0315 259.29 1310.96 0.0315
6 251.88 1425.32 0.0281 251.89 1425.32 0.0241
7 375.39 1581.89 0.0377 375.47 1581.90 0.0377

R TSRS Rz Al T, T R A TR
REET RIS 2 2/ £ B3,
5.2.2 ¥RAEV Y

T HTRLAS 2 FILAS 3 NVMS, 45 553 )
W34, XFT R 2, KHL B 43 e

FENVMS 5588 R G A aE RAR WL ; X T2
B3, A o & o M & %*A‘A%@J 4R 45
NVMS [ARE 5 5E 8 R G M R & o LiRE R
iET%%ﬁ?%Eﬁﬁﬂﬁ?ﬁ?ﬁﬁE@ﬁﬁ‘

®3 BIREZES 209885 NVMS
Tab. 3 Partial NVMS of the target system for mode 2

o *ﬁ:’ g EYLs-NAME Ak s-NAM 1
7 WEAE ARGI/C0) R ARDZ/C0)
20 1.0000 0 1.000 0 0
22 0.8193 179.6637 0.8193 179.663 8
19 0.0522 -25.2601 0.0522 =25.2061
K7 A
24 0.0006 32.0765 0.0006 32.0761
16  0.0006 32.1075 0.0006 32.107 1
17 0.0003 179.3614 0.0003 179.3609

*4 BRRAGESIHEBSNVMS
Tab. 4 Partial NVMS of the target system for mode 3

KB AR 145 s-NAM 2 AL s-NAM 1
MR AfCe) MR AIRECe)
6 1..000 0 0 1.000 0 0
9 0.9379  1.2060 0.9379  1.2060
CCR
7 0.6768 -0.5781 0.6768 —0.5784
10 0.6477 0.6076 0.6478 0.6072
27 0.6664 -0.2907 0.6664 —0.2910
33 0.6642 -0.2603 0.6642 —0.2606
Ay B
42 0.4718 -0.2656 0.4718 —0.2668
46 0.4710 -0.2382 0.4710 -0.2395
47 0.6395 0.8665 0.6396 0.8663
53 0.6395 0.8665 0.6396 0.8663
Ky C
70 0.4857 1.2250 0.4858 1.2251
68 0.4857 1.2250 0.4858 1.2251
11 0.5118 0.5297 0.5118 0.5296
13 0.5103 0.5727 0.5103 0.5726
XHL A
22 0.2908 0.0417 0.2908 —0.0406
18 0.2852  0.2019 0.2852 -0.2010

5.2.3 REWIRaHr
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Tab. 5 Regional observabilities of the target system

A 5 CCR KHZmA KB K C
1 0 0 0 1.000 0
2 0.003 8 1.000 0 0.0013 0.001 6
3 1.000 0 0.4912 0.6774 0.676 5
4 0.6119 0.450 1 0.9280 1.000 0
5 0.164 3 1.000 0 0.0225 0.2545
6 0.1755 0.220 1 0.1327 1.000 0
7 0.149 4 0. 0307 1.000 0 0.1571

®6 KE2THENRZXEBANE

Tab. 6 Regional linkages of the target system under Mode 2

X3 1 X2 HAEEE || X X2 ARG

CCR CCR 0 CCR  HiIHA  0.0038

CCR K HLZ B 0 CCR AHEC o 0.0038
KA KHEZHA 1.0000 || KHEHA  KHEZB  0.0013
KHIZA K c 0.0016 | KHmB  KHB 0
KB KHC 0 K C  KEC 0

K7 EEITERRSZXEGAWNE

Tab. 7 Regional linkages of the target system under Mode 3

X3 1 X2 AR | X X2 AR
CCR CCR  1.0000| CCR  JAHIHA 0.4942
CCR KH%B  0.6774| CCR A C 0.6765
KEA  KHEZHA  0.2443 || KiiigA  KEHB  0.3348
KEmA  XHEZHC 0.3344 || KEEB KB 0.4589
KB K C  0.4583 || K C KHAC o 00.4577
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