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Design and power characteristic analysis of vertical
circulating linear motor gravity energy storage system
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Abstract: Vertical gravity energy storage systems suffer from limited scalability, and their
power characteristics under multi-carrier-platform cyclic operation are ambiguous. To address
these issues, this study proposes a linear-motor-based single-shaft vertical circulating gravity
energy storage system. This study first introduced the system topology, operating principle,
and multiple operating modes of the proposed system. Next, the action mechanisms of carrier-
platform cyclic reuse, adjustment of the number of in-service heavy masses, and staggered
carrier-platform dispatch in relation to the system capacity expansion and power regulation
were elucidated. Subsequently, a staggered-dispatch timing-sequence model was adopted to
generate a unified description of intra-batch time-shift superposition and inter-batch cyclic
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reuse. Based on this description, a system-level power model with multi-carrier-platform cyclic
operation was developed. Finally, a MATLAB/Simulink-based co-simulation model was
constructed to analyze how batch-configuration variation regulates system energy storage
capacity and output capability under the minimum safe-spacing constraint. Additionally, the
model was used to examine the influence of start-up phase parameters on system power
fluctuations. The results showed that under the minimum safe-spacing constraint, the system
average power can be regulated discretely by adjusting the number of in-service heavy
masses. Furthermore, under the parameter settings adopted in this study and across different
batch configurations, system power fluctuations can be reduced and power stability regulation
improved by appropriately regulating the degree of intra-batch staggered dispatch. In the
energy storage mode, the system peak-to-valley difference and power standard deviation
decreased by up to approximately 83.2% and 85.6%, respectively. In the energy release
mode, the corresponding maximum decreased to approximately 99.1% and 99.0%, respectively.
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Fig. 3 Schematic of system operating modes
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