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Broadband oscillation characteristics analysis of a VSC-HVDC connected direct drive wind farm
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Baoding 071003, China; 2. State Grid Hebei Electric Power Co., Ltd. Research Institute, Shijiazhuang 050021, China)

Abstract: With the increase of the permeability of renewable energy, the number of power electronic devices in the power
system is increasing, and the interaction between the devices will induce broadband oscillation in the frequency range
from a few to thousands of Hz. There is a problem of broadband oscillation caused by direct-drive wind farms (DDWFs)
connected to the grid via a voltage source converter-based high voltage direct current (VSC-HVDC). To help solve this
small signal and impedance models are established based on the dynamic mathematical model of the VSC-HVDC
grid-connected system with DDWFs. Then, the oscillation modes are analyzed by eigenvalue analysis and the
applicability of "negative resistance" theory in the analysis of the broadband oscillation mechanism of the system is
verified. Finally, the influence of parameter changes on oscillation characteristics is comprehensively analyzed using
eigenvalue analysis and the impedance method, and the correctness of the above analysis is verified by PSCAD/EMTDC.
The results show that parameters can be adjusted based on eigenvalue analysis and the impedance method to reduce the
amplitude of broadband oscillation.
This work is supported by the National Natural Science Foundation of China (No. 51507064).
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Fig. 1 Grid-connected system structure of direct drive wind farm via VSC-HVDC
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Table 2 Equivalent impedance of the main oscillation modes
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Fig. 4 Voltage and current waveform
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R 2 LR R /Q 0.05
2R B B L /H 0.001
i LR HLA C/uF 2
FHEAE L K (KV/KV) 35/3
TR AR R 28 K, /(kV/KV) 110/35

MiZk 3 VSC-HVDC RZE&H
Attached Table 3 VSC-HVDC system parameters

ZH Bl
R I LAY Cy/uF 5
% L RE R, /Q 1
A L, /H 0.015
Uyt 'KV 89.815
uqsmf/kV 0
K /K g KoK 2.5, 10 000
KooK 0.0029
R,/Q 0.006
L. /H 0.0005
C,/uF 150
SRR HUR IR, /kV 160
Ky o > Ko 5,0.2

Mizk 4 BREEETX
Attached Table 4 Meaning of each state variable

RELE & X
Aw R IHUH U A 2
Ay, AL, TETHI dy g Bl
Autpe B M

Ax,,Ax,, Ax,, Ax,, Ax, Ax,, S5 P42 8% 5 (A = Y
Ax,, Axg, Ax,), Ax,, 5 T

Aiyy, Al R i 2% 01 d g ShERR
Au,, A, T, flREM d. g SR

Al Ay, R P B2 2% d g IR
Au g, Auy T, R dy g FhHLE

Aiyy, Ay VSC R ARG LM dv g Fil i
Ax,;, Ax,, PMSG 5 VSC-HVDC i3 [

Ay, Ay VSC-HVDC E.it ] H f7 FT Hi
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Z, =(E+G,GG,'G,)"(G,~G,~G,G,G,'G,)
Z,=G,-G,

K =(E+ GQGEG;G5 )“[Gg(;anG3 + GQGEG;‘GA‘(G8 - G7)‘1]
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K,=(E+ GgGaG;Gs)il[E + Gl‘:LL +Gypy + (G, ~ G )GIi’gLL

K, =(E- Kz)flK1

K,=-G.(G.-G,G,) GG,

K, =[E+ G]‘,‘E]L +G, (G, - Gq) +G,(G. - Gq)G;‘ilL +
G;iLlL + (Gp N Go )G;LIL]

A.=K,-(K,+E)K,-ZGK,-Z(E+Z,'Z,)"G.K,

Big =[Z,-(K,+E)Z,+Z,(G,~G.G,~G.Z,)+
Z(E+Z,'2Z)'(G,-GG,)-Z(E+Z,'Z,)'G.Z,]

C.=K,-(K,+E)K,-ZGK,

Dig =Z,~(K,+E)Z,+Z,(G, -GG, ~G.Z))

e. =K.~ (K,+E)K,-Z,GK,

fig =72, (K, +E)Z,+Z,(G, -GG, ~G.Z))
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