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Influence of line impedance on accuracy of reduced-order model for
grid-forming converter and sub-synchronous oscillation analysis
SUN Qianchen',WU Chao',WANG Yong',TIAN Jie’,ZHAN Changjiang’
(1. School of Electronic Information and Electrical Engineering,Shanghai Jiao Tong University,
Shanghai 200241, China;2. Nanjing NR Electric Co.,Ltd., Nanjing 211102, China)

Abstract: In most studies on the sub-synchronization oscillation stability of grid-forming converter (GFM) ,
GFM is usually simplified to a three-order model only containing the power outer loop. Although this me-
thod is simple,its accuracy will be affected by the characteristics of line impedance. Therefore,it is need
to discuss the applicability of reduced-order model for GFM and propose a more accurate reduced-order
model. The influence of the variation of characteristics of line impedance on the accuracy of reduced-order
model is analyzed,and the results show that the third-order model cannot accurately reflect the variation of
system characteristics when the line resistance ratio or short circuit ratio(SCR) changes,and it will make
wrong judgment on the system stability. The reason is that the impedance parameters of the line will affect
the coupling characteristics of the voltage loop and the power loop,and both control loops will affect the
stability of GFM sub-synchronization oscillation. A more accurate reduced-order model including voltage loop
is proposed, which can accurately represent the influence of the variation of characteristics of line impe-
dance on system characteristics,and is more suitable for the stability analysis of GFM under complex power
grid. The correctness of the theoretical analysis and the effectiveness of the proposed model are verified
based on MATLAB / Simulink simulation.

Key words: grid-forming converter; small-signal model; participation factor analysis;line impedance; sub-syn-

chronous oscillation
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Table B1 Inverter system parameters

AR HfH B34 i
Pn 200 kW Un 311V
Uge 750 V on 50 Hz
Pres 0.5p.u. Qref 0

J 1.06 Dy 1x10*
ks 333 Kq 1x10°
T 100 s Ls 15mH
Re 0.01Q Cr 105 uF

SCR 23 Ry/Xq 08
Ko_v 0.074 Ki_v 615
Ko_i 10.67 Ki_i 711

HUER S 600 Hz | DIRHHTE  15Hz
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40 O* o gy =P
[T S
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Fig.B1 Root locus with increasing inertia coefficient
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Table C1 Comparison between third-order model and ninth-order model
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Fig.C4 System stability phenomenon when resistance ratio is large
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