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Fig.1 Topology and control structure diagram for

grid-forming converter connected to

single-machine infinite-bus system
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Fig.2 Reference coordinates including abc stationary
frame,xy rotating frame and dg synchronous
rotating frame along with angle relations
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Fig.3 Response curves for ¢ when &y,
suddenly increases
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Small disturbance modeling and stability analysis of doubly-fed wind power system
considering synchronization mechanism
HAN Pingping', WANG Zongqiang',NAN Guojun',XIE Yuguang’,LI Jinzhong’,ZHANG Zhengkai’
(1. Anhui Provincial Key Laboratory of Renewable Energy Utilization and Energy Saving,
Hefei University of Technology,Hefei 230009, China;
2. Electric Power Research Institute of State Grid Anhui Electric Power Co.,Ltd.,Hefei 230061, China;
3. State Grid Anhui Electric Power Co.,Ltd.,Hefei 230061, China)

Abstract: The small disturbance stability and dynamic characteristics of doubly-fed wind power system under
phase locked loop synchronous mechanism and virtual synchronous generator mechanism are compared and
analyzed. For the doubly-fed wind power system with the two synchronization mechanisms, the correspon-
ding small disturbance models are obtained based on the mathematical equations,and then the small distur-
bance stability of the system is studied by using the eigenvalue analysis method. The relevant models are
built on the StarSim-hardware-in-the-loop (StarSim-HIL) semi-physical simulation platform, and the dynamic
characteristics of the active support and small disturbance stability of the doubly-fed wind power system
under the two synchronization mechanisms are analyzed and verified by simulation. The applicability of the
two synchronization mechanismsis summarized, and it is pointed out that the phase locked loop control has
good dynamic characteristics and fast response speed, but the virtual synchronous generator control has
more advantages in small disturbance stability and active power support under weak power grid.

Key words: doubly-fed wind power system;phase locked loops;virtual synchronous generator;eigenvalue;dy-

namic characteristic ; semi-physical simulation
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Bifurcation analysis of grid-forming converter system connected with
stiff or weak AC grids

HONG Zhenkun,ZHAN Meng
(State Key Laboratory of Advanced Electromagnetic Engineering and Technology,School of Electrical and
Electronic Engineering, Hubei Electric Power Security and High Efficiency Key Laboratory,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The stability problems exist in the grid-forming converter system connected with stiff or weak
grid, but their relation is unclear. The nonlinear dynamic relation between these two types of stability pro-
blems and the physical image of the transition process are revealed based on the bifurcation theory. Firstly,
based on the model established, bifurcation analysis of the dynamic response between these two types of
stability problems is carried out. It is found that saddle-node bifurcation occurs in weak grid, and Hopf
bifurcation, period doubling bifurcation, transition to chaos,and chaos collapse occur successively in stiff grid.
Next, the model is reduced based on the time scale theory. Then, by the small disturbance and large dis-
turbance analysis,it is obtained that the terminal voltage control is the major cause of the dynamic behavior
differences in stiff and weak grids. Furthermore,the complex torque is utilized to further reveal that the ter-
minal voltage control will cause the stiff- and weak-grid instability due to insufficient damping torque and
insufficient synchronizing torque,respectively. Finally, multi-machine simulations are performed to show similar
instability issues in stiff grid.

Key words: grid-forming converter; grid strength;terminal voltage control;bifurcation analysis;complex torque

method
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Table Al Parameters of single grid-forming converter tied to AC system
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Table A2 Dynamic characteristics of single grid-forming converter tied to AC system when grid strength increases
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