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Power Smoothing Control Strategy for Slope Gravity Energy Storage System

Based on Instantaneous Power Mirror Compensation
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Abstract: To solve the problem of output power fluctuation in
gravity energy storage systems due to discrete mass block
switching, a power smoothing control strategy based on
instantaneous power mirror compensation is proposed. Firstly,
the working principle of the slope gravity energy storage
system is introduced to analyze the causes of power fluctuation
of the system. Secondly, the system structure for suppressing
power fluctuation as well as the power smoothing control
strategy are designed, and the theoretical calculation of the
system structure parameters is carried out by taking the
example of a 11 kW slope gravity energy storage system.
Finally, a simulation model for slope gravity energy storage
system is established, and the transient fluctuation
characteristics of the system during the mass block alternation
process are analyzed. The results show that by applying the
proposed method, the mass block can provide continuous and
stable mechanical power during the alternating process, which
can better smooth the output power of the gravity energy
storage system, verifies the effectiveness of the method.

Key words: slope gravity energy storage system; power
fluctuation; instantaneous power mirror compensation; power

smoothing control
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In recent years, in order to improve the energy
structure and reshape the energy pattern, countries
around the world are working hard to promote a new
round of energy technology revolution. During the
14th Five-Year Plan period, the energy storage field
will be application-oriented and break through the
bottlenecks of existing technology development. In
this context, energy storage technology continues to
develop, and many technologies have entered the
commercial demonstration stage and have shown
certain economics in some fields. At present, new
power systems require more inertial support
capabilities, and gravity energy storage technology
based on discrete solid media can effectively improve
the operating characteristics of power systems,
enhance the comprehensive defense capabilities of
large power grids, and ensure the safe and stable
operation of power grids. It can provide technical
support for the realization of a carbon-free power
system and contribute to the achievement of carbon
peaking and carbon neutrality goals and the energy
transition.

Since gravity energy storage uses discrete mass
blocks as the power source to drive the motor to
rotate, during the mass block switching process, the
mechanical power provided to the motor will undergo

a sudden change, which will lead to fluctuations in

S2

the electrical output power of the motor. This is an
inevitable problem when gravity energy storage
systems use discrete mass blocks as power sources.

In order to smooth the output power fluctuation
caused by the switching of the mass block during the
operation of gravity energy storage system, a power
smoothing control strategy based on instantaneous
power mirror compensation is proposed.

Firstly, the working principle of the slope
gravity energy storage system is introduced to analyze
the causes of power fluctuation of the system.
Secondly, the system structure for suppressing power
fluctuation as well as the power smoothing control
strategy are designed, and the theoretical calculation
of the system structure parameters is carried out by
taking the example of a 11 kW slope gravity energy
storage system. Finally, a simulation model for slope
gravily energy storage system is established, the
mechanical power and output power with and without
power smoothing control strategy are compared.

The results show that by applying the proposed
method, the mass block can provide continuous and
stable mechanical power during the alternating
process, which can better smooth the output power of
the

the gravity energy storage system, verifies

effectiveness of the proposed method.
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