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Small-signal voltage support strength assessment of renewable energy multi-infeed systems
incorporating reactive power support characteristics

DAI Tianchen, LIU Yun, ZHU Jizhong, LAI Xiang
(School of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract: In high-penetration renewable energy multi-infeed systems (multi-infeed systems), large-scale integration of
power electronic converters may lead to small-signal stability issues. Assessing system voltage support strength (system
strength) is a critical tool for analyzing such problems. To address the limitations of existing researches that often neglect
the reactive power support characteristics of converters and actual operating conditions, this paper proposes a small-signal
stability analysis and system strength evaluation method for multi-infeed systems. First, a small-signal model of the
multi-infeed system is established, incorporating both reactive power support characteristics and actual operating
conditions. Second, an equivalent homogeneous multi-infeed system is constructed using the participation factor
weighting method. Furthermore, based on modal decoupling theory, an equivalent single-infeed system is derived to
characterize the small-signal stability of the multi-infeed system. Finally, a system strength evaluation metric accounting
for reactive power support is proposed, and quantitative evaluation procedures are designed for both white-box models
(with known control structures and parameters) and black-box models (with unknown control structures and parameters).
Simulation results demonstrate that the proposed method can accurately evaluate system strength and exhibits good
engineering applicability.
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Fig. 1 Renewable energy multi-infeed system

G, FEAJR xy ARRR AT ST AU FL I PR A5
15 S AL,

AL B ®F AU, 1
AIy - redY ()(S) AUV ()



-26- W) R GRP bk

F(S) @, [s + 7w, @, :|

- (s+1w,)’ +w)| -0, s+,
K AU, FIAU, 7350 9715 m i L R AE 4 R AL b
Z NS AU, F1AU, H 5 R s AL Rl
AT, 53 9715 R i I FRIRAE 4 R AR BR R R 3RO &
AL FUVAL, HEHIB IR &5 B NI 258N TG
P R K Kron fAfk S90S, B, e R™; s %
PR TR s Y (s) FAUPR BE BR P B AR A% 1T
R AZ L Y AL B R EUE RS, Y, (s)=B,, ®
F(s); ® RANWE N ¢ RARLEEBALLL; o,
FoREL AR
Bl 2 o 1R R AR AR s i it . o,

bl FLER A E ELAEE TR, BN, R
& A DD ZAz 5| A DA UL KAl il — 451
7N I 7

2 BB AR LY

Fig. 2 Control structure of grid-following converter
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Table 1 Related parameters of grid-following converter
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Table 2 Error analysis of cases 1—9

N

equ

501 5%
1 0.46 + j95.82 0.62 + j95.08 0.80
2 -0.47+j96.13 —-0.35+j95.30 0.88
3 —1.43£j96.62 —1.27+j95.84 0.83
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Table 3 Strength assessment indices gSCR, QgSCR,, gOSCR, OSCR and stability determination for IEEE39-bus system
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Table 4 Impact of reactive power support characteristics
on system strength assessment
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Table 5 Error analysis of black-box model fitting results
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5 PV 1.91 1.94 1.57
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