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Abstract As the penetration rate of renewable energy sources increases, the stability mechanisms of the

power system are constantly changing. The double-fed induction generator (DFIG), as a mainstream renewable
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energy equipment, its stability is of great significance to the safe operation of the power system. The phase-locked
loop (PLL) plays an important role in synchronization, but there has been less research on simultaneously
considering the dynamics of the phase-locked loop and the power balance loop. Moreover, the small-signal
synchronization mechanism of DFIG within rotor speed timescale needs to be further analyzed.

Firstly, the transient model of single-DFIG infinite-bus system is constructed within the rotor speed scale.
The simplified model is compared with the full-order model by Matlab/Simulink, and the results show that they
match very well. Then, through bifurcation analysis, it is found that the system would experience small disturbance
instability under weak grid condition. And it manifests itself in the form of low-frequency oscillatory instability.
Furthermore, through the dominant modal analysis, it is found that the dominant unstable loop is the power balance
loop.

In order to analyze the small-signal synchronous instability mechanism of the system, the model is linearized
around the operating point. The linearized model and the full-order model are compared using Matlab under small
disturbance, and the results validate the rationality of linearization. The power balance loop dominates the
instability, making it considered as the core loop. Therefore, the Heffron-Philips model of the system is established
for analyzing the small-signal synchronous stability mechanism. Based on the complex torque coefficient method,
the terminal voltage control loop plays a dominant role by introducing negative damping. And by studying the
transfer function of the PLL, it is found that the PLL with typical parameters has a negligible impact on the system
in the rotor speed scale, and can be approximately regarded as a constant.

Finally, the parameters of the active outer loop and the reactive outer loop are analyzed. With the changing
of the grid strength, the damping torque and synchronizing torque of each branch are quantitatively calculated. It
is found that increasing the proportional coefficient of active outer loop and decreasing the integral coefficient
will improve the stability of the system, and increasing the proportional/integral coefficient of the terminal voltage
control loop will benefit the stability of the system. These analyses have been verified through simulations and
experiments.

The conclusions of this paper are as follows: (1) In the rotor speed scale, the small-signal synchronous
instability of the single-DFIG infinite-bus system is dominated by the power balance loop (active outer loop and
rotor dynamic), rather than the PLL. (2) By constructing the Heffron-Philips model, it is found that the synchronous
phase A8, is approximately represented by an algebraic expression of the state variable Aw./Af:of the rotor. The
essence of synchronous instability lies in the instability caused by the state variable of the energy storage
element.3) Using complex torque coefficient method, it is found that the terminal voltage control loop is the main
factor that introduces negative damping. Through the analysis of the influence of parameters, it is found that
increasing the proportional coefficient of the active power outer loop and decreasing the integral coefficient will
improve system stability, and increasing the proportional/integral coefficient of the terminal voltage control loop
will be beneficial to system stability.

Keywords: Double fed induction generator, rotor speed time scale, dominant mode analysis, complex torque

coefficient method
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