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ABSTRACT: The frequent occurrence of blackouts due to
wind farms-off grid has exposed the shortcomings of wind
turbine in fault ride through and active participation in
frequency regulation. However, there are few literatures that
comprehensively  analyze  these  two  requirements
simultaneously. Based on the analysis of the principle and
demand of fault ride through and frequency regulation, this
paper proposed a joint control of wind power-storage based on
rotating reserve and DC side energy storage, which used the
mechanical kinetic energy of wind turbine to provide virtual
inertia support, super capacitor to realize primary frequency
regulation and fault ride through. According to the industry
standard, the power regulation formula and parameter design
during fault and disturbance were analyzed quantitatively, and
multi operation mode switching was realized by logic control
principle. On the basis of only increasing the energy storage,
this strategy has brought many performance improvements to
the unit. It ensures the active power balance during the
HVRT/LVRT and satisfies the priority of providing dynamic
reactive power to the grid to support the voltage recovery.
Also, at the same time, it effectively solves the problems such
as the second drop of frequency, the waste of reserve capacity,
and the lack of regulation margin in the traditional strategy, so
as to improve the overall operation stability and economy of
the PMSG. Finally, the strategy is verified by simulation.
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Fig. 1 Joint control strategy block diagram
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The frequent occurrence of blackouts due to wind
farms-off grid has exposed the shortcomings of wind
turbine in fault ride through and active participation in
frequency regulation. However, there are few literatures
that comprehensively analyze these two requirements
simultaneously.

Based on the analysis of the principle and demand
of fault ride through and frequency regulation, this paper
proposes a joint control of wind power-storage based on
rotating reserve and DC side energy storage, which uses
the mechanical kinetic energy of wind turbine to provide
virtual inertia support, super capacitor to realize primary
frequency regulation and fault ride through.

According to the industry standard, the power
regulation formula and parameter design during fault and
disturbance are analyzed quantitatively, and multi
operation mode switching is realized by logic control
principle. The multi operation mode is shown in Table 1,
and the logic control flowchart is shown in Fig. 1.

Table 1 List of mode instructions

Control model sC GSC RSC
Inertia support null M M,
Primary regulation M, M, null
HVRT M3 M3 M,
LVRT M; M, M,
LVRC My My M.

T timing primary
regulation start

Primary Inertia support
[HVRT stop | | [ LVRT stop | ["egulation stop stop
> N
N Y | LVRC ' Y | LVRC
start stop

Fig.1 Logic control flowchart
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On the basis of only increasing the energy storage,
this strategy has brought many performance
improvements to the unit. It ensures the active power
balance during the HVRT/LVRT and satisfies the priority
of providing dynamic reactive power to the grid to
support the voltage recovery. Also, at the same time, it
effectively solves the problems such as the second drop
of frequency, the waste of reserve capacity, and the lack
of regulation margin in the traditional strategy, so as to
improve the overall operation stability and economy of
the PMSG.

Finally, the strategy is verified by simulation. The
experimental settings are as follows: The wind turbine is
running at high power. The voltage source exhibits a
frequency drop of —0.06Hz/s at 1s that lasts for 4s. The
amplitude of the voltage source suddenly increases to 1.3
times of the rated value, remains at this value for 0.5s,
suddenly drops to 0.85 times of the rated value, and
remains at this value for 1.5s. The voltage source
continues to drop to 20% of the rated voltage for 0.625s
at 8s and then returns to the rated voltage, as shown in
Fig. 2.
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Fig. 2 Simulation results of the full working condition under
coordinated control

The installation of an energy storage device on the
DC side of the converter not only increase the capability
of the HVRT and LVRT of a wind turbine, but also meet
the demand of frequency regulation. Thus, it exhibits a
grid-friendly characteristic. The multipurpose feature of
this strategy improves the disadvantages of the
traditional energy storage application, such as single
function and low utilization rate. It also increases the
economy of the scheme.



