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Abstract

With the rapid development of new energy power generation technology, the
phenomenon of "wind power grid access to reduce system inertia" in China's power
system has become increasingly prominent, which is mainly manifested in the increasing
penetration rate of system wind power, and the level of wind power inertia is not as high
as that of traditional synchronous machines. This leads to the weak anti-disturbance
ability of the system, and the problem of system frequency decline will be seriously
aggravated after the power disturbance of the low inertia system, and the system
frequency that is too low will cause the wind turbine to go off the grid, affect the wind
power consumption, and threaten the safe and stable operation of the power system. In
order to solve the above problems, this paper analyzes the inertia characteristics of wind
turbines under different controls based on the inertia support average power evaluation
method, and proposes a joint energy storage inertia enhancement strategy considering the
charging and discharging characteristics of battery energy storage and supercapacitors,
and obtains the following research results:

Firstly, starting from the control strategies of the machine side and the grid side of
the direct-drive fan, the virtual inertia control of the wind turbine with the grid type and
the virtual inertia control of the network type were analyzed. From the perspective of the
source of inertia and the essence of inertia, the definition of equivalent inertia of wind
turbine is clarified, and the calculation method of equivalent inertia of wind turbine is
proposed based on the virtual inertia control model of direct drive fan and grid type.

Secondly, a method for evaluating the equivalent inertia of the wind turbine based
on the average power of inertia support is proposed, and the inertia characteristics of the
fan under different controls are analyzed. Based on the constraints of the inertia support
power of the wind turbine, the average power of the inertia support of the synchronous
machine, the two grid-based virtual inertia control fans and the network-based virtual
inertia control fan were compared and analyzed, and the range of the virtual inertia control
parameters of the wind turbine under the same inertia support capacity was obtained.
Based on the small signal model, the frequency response characteristics of the wind
turbine system with the change of wind power permeability under different controls are
analyzed, and the simulation model is built based on the CIGRE standard example to
verify the correctness of the analysis.

Finally, a combined energy storage inertia enhancement strategy considering the
charging and discharging characteristics of battery energy storage and supercapacitors is
proposed. The inertia response characteristics of the two energy storage devices are
analyzed, and on the basis of the grid-based virtual inertia control fan in Chapter 3, a
system inertia enhancement strategy that integrates the complementary characteristics of
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ch and arge during the inertia rnse of the two e storage devices
proposed. In addition, the simulation model is built based on PSCAD and verified under
three different working conditions, and the results show that the proposed strategy can
effectively improve the inertia level of the system and ensure the safe and stable operation
of the system.

Keywords: virtual inertia control, Fan equivalent inertia, battery energy storage,
supercapacitors, Combined energy storage
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