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Fig.13 Control structure diagram of linearized model
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Interaction of sub-synchronous oscillation between wind turbine clusters in wind farm
XU Yanhui, TENG Xianhao
(School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: There are a large number of wind turbines with different control parameters,different operation
states and even various types in a large-scale wind farm,and the SSO(Sub-Synchronous Oscillation) problem
caused by their grid-connection becomes increasingly prominent. The SSO interaction between different wind
turbine clusters in a wind farm and their influential factors are studied,so as to clarify the SSO evolution
process in wind farm. The grid-connected admittance model of PMSG(Permanent Magnet Synchronous Gene-
rator) wind farm is established. The generalized Nyquist criterion is applied to analyze the SSO stability
of different grid-connected wind turbine clusters in wind farm. Based on these,the SSO interaction between
different wind turbine clusters in wind farm is studied. The results indicate that the “stable wind turbine
cluster” also occurs SSO because of the “oscillating wind turbine cluster”. The ratio of their grid-connected
wind turbine number has a significant influence on SSO characteristics. The phase locked loop parameters
of “oscillating wind turbine cluster” have an impact on SSO frequency of the entire wind farm. The grid-
connected simulation model of PMSG wind farm is built in MATLAB / Simulink and the time-domain simula-
tive results verify the correctness of above theoretical analysis.

Key words: wind farms; wind turbines; sub-synchronous oscillation; interaction ; admittance model ; generalized

Nyquist criterion
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Analysis of small disturbance stability mechanism for
grid-connected voltage source converter
XING Guangzheng],WU Chen?,CHEN Lei',HUANG Wei*, CHENG Min?*, MIN Yongl,TANG Yong3

(1. State Key Laboratory of Control and Simulation of Power System and Generation Equipment,
Department of Electrical Engineering, Tsinghua University, Beijing 100084, China;
2. Yunnan Power Dispatching and Control Center, Kunming 650011, China;
3. China Electric Power Research Institute,Beijing 100192, China)

Abstract: The problem of small disturbance stability for grid-connected vector control-based VSC (Voltage
Source Converter) is studied. Based on the detailed model of VSC connected to infinity system,the exis-
tence and stability of the equilibrium point are analyzed for different control modes. Different mechanisms
of VSC small disturbance instability are summarized. Saddle node bifurcation might cause the loss of equi-
librium point and result in instability. This can be illustrated by several mechanisms. The excessive output
of current can cause PLL(Phase Locked Loop) losing its equilibrium point, which corresponds to the loss
of synchronization of PLL. Meanwhile, the loss of synchronization of PLL may occur individually when the
outer loop control is cut off and the inner loop constant current control is used. Additionally,the excessive
output of active power may cause the power outer loop losing equilibrium point. When adopting constant
reactive power / constant AC voltage control in outer loop that corresponds to the static voltage / power angle
instability of power grid. In addition, the increase of current after the instability generally results in the
loss of synchronization of PLL. When the equilibrium point exists, the system oscillation mode generally
includes low-frequency oscillation mode and subsynchronous oscillation mode. The system may also suffer
from Hopf bifurcation, which further results in oscillation instability. The low-frequency oscillation mode is
mainly dominated by the outer loop control, while the subsynchronous oscillation mode is dominated by
PLL, current loop and line dynamics. The existence of the equilibrium point is generally not affected by
VSC control parameters, but only determined by the network parameters and VSC operating conditions,
while the stability of balance point is associated with VSC control parameters.

Key words:voltage source converter;phase locked loops;equilibrium point;saddle node bifurcation; Hopf bifur-

cation ; low-frequency oscillation ; subsynchronous oscillation
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Ry 0.008 RL 0.08
X 0.08 XL 0.8
Y, 0.1 Cuc 0.02
Ug 1 Uge 2.1
%k A2 Bl 1 VSC BH
Table A2 Parameters of VSC in Casel
¥ il
WUE Ty % 2 MW
AH VL JEAE 690 V
YR 0.084 F
FERVRIIEINN 1100 V
e A 50 Hz
B TIIIFRIR K=k, kir=K:s) 10°Vv10.06 (V- s)*
LT (koe=kon kiz=kis) 0.01Q,50 Qs
PLL ¥£ (Kps,kis) 40 rad/s, 1400 rad/s®
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Table B1 Parameters of control loops in Case 1

S g ZH By

Ko1,Kp3 0.00069 V* ki1,Kia 414 (V-9

Koz,Kpa 0.042 Q Kiz.Kis 210.04 Q/s
Kps 40 rad/s kis 1400 rad/s?
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Table B2 Parameters of control loops in Case 2

4 KA e KAt
Koz 0.0952 kiy 14.283 (Q - 5)*
Ko3 0.0024 ki3 0.2381 (Q - s)*
Kp2:Kpa 0.0420Q Kiz,kia 21.004 Qs
Kos 80 rad/s kis 2000 rad/s?
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Table B3 Parameters of control loops in Case 3

24 (! ZH fE
Kp1 0.0476 Q* Kiz 14.283 (Q s)*
Kp3 0.0024 Ot kis 0.2381 (Q '5)™
Koz Kpa 0.0420 O Kiz JKia 21.004 Q/s
Kos 40 rad/s kis 12000 rad/s?
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Fig.C1 Characteristic root locus of low frequency oscillation mode
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Fig.C2 Hopf bifurcation of low frequency oscillation mode
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