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VSG-controlled MMC transmission system

ZHU Yukun" %, JIA Xuan®, PAN Xiaohan®, ZHU Yihua"?, TU Liang"?, CHANG Dongxu'%, WANG Puyu’
(1. State Key Laboratory of HVDC, Electric Power Research Institute, CSG, Guangzhou 510663, China; 2. Guangdong Provincial
Key Laboratory of Intelligent Operation and Control for New Energy Power System, Guangzhou 510663, China;
3. School of Automation, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Large-scale direct-drive wind farm grid connection systems are typically composed of permanent magnet
synchronization generators (PMSG) and modular multilevel converters (MMC), forming a complex interaction mechanism
after interconnection. Additionally, the full-power converters of the direct-drive wind turbines and the conventional vector
control strategy of MMC result in low inertia and low damping characteristics, making it difficult to maintain frequency
and voltage stability in the direct-drive wind farm connected via MMC transmission systems. To address this issue, this
paper establishes a small signal model of multi-region direct-drive wind farms and an MMC transmission system under
virtual synchronous generator (VSG) control. The dynamic responses of the electromagnetic transient and the small signal
model are compared to verify the correctness of the small signal model. When the output power of the direct-drive wind
farm increases, the system faces stability risks. The participation factor method is used to analyze the influence of the
parameters of the voltage outer loop and circulation suppression controllers on the stability of the grid-connected system.
The root locus method is applied to determine the feasible parameter range, followed by parameter optimization. The
effectiveness of the parameter optimization is verified through PSCAD/EMTDC simulations, providing a theoretical basis
for parameter selection.
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Fig. 1 Topology structure of direct drive wind turbine generator
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Fig. 2 Topology structure of MMC
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Fig. 3 Topology structure of direct drive wind farm transmission system through MMC
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Fig. 4 Interconnected system topology
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Fig. 5 Phase locked loop structure

HE 5 FIAGBUEE Ay
de

pll

e (%)
= (kp1 + kil/s)utq +w,
Aoy 0, NI dg BHefl: o, NBUHIHGE
HAR u, R R g B R o,
WUEMMR: ky~ Ky 73 B ELGIRTE 70 240
2.3 MR B E AR R
FH T4 0 XU 37 DX A0 4 97 4 B 8 00 4R S H
W, DRI Z000F BN FE 2 F R B AT 4], (DN )




RIEE, 55

i R 2 X E IR 2 VSG F# 1 MMC & H R G0/ME SR T - 15 -

LK RSt KT D Sh R BEAT HE R, SR lE 6 B
71 IR fill S5 4 o

—olLi, +u,

N Uy,

P ,

A
PWM

A 4

abc
—oLi, +u,

B 6 X175 7 242 il 4 4

Fig. 6 Control structure of grid side converter in wind farm
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Table 1 Physical meaning of each state variables
in a direct drive wind farm
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Table 3 Main parameters of direct drive wind farm system
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Table 4 Main parameters of MMC system
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