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solid mass blocks, the elastic characteristics of the wire ropes cause power fluctuations during
the movement of discrete mass blocks. Using constant stiffness and damping coefficients fails
to accurately describe the dynamic response of the long-distance wire rope tension, resulting
in substantial errors in the system power fluctuation analysis. To address this issue, the
structural characteristics and force distribution of long-distance wire ropes were first
investigated, and a mathematical model of time-varying stiffness and damping characteristics
was derived. The validity of the model was verified through a tensile experiment on a wire
rope with a length of 55 cm and a diameter of 5 mm. Second, a GESS power fluctuation
analysis method based on time-varying parameters was proposed. Elastic dynamic equations
for the traction end and the bottom mass side of the wire rope were constructed to effectively
account for the abrupt torque variations caused by the loading and unloading of discrete mass
blocks, which subsequently lead to power fluctuations. Finally, taking a 250 kW GESS with the
traction motor located at a high-potential position as an example, the influence of the number
of mass blocks, individual block mass, and operating speed on the power fluctuation decay
time and fluctuation amplitude was systematically analyzed under the traction of a wire rope
with a length of 100 m and a diameter of 60 mm. The results show that when outputting the
rated power, under the premise of keeping the total weight of the online running mass blocks
constant and only adjusting the number of mass blocks, an increase in abrupt torque variation
from 10% to 25% basically does not affect the power fluctuation decay time. However, the
power fluctuation at the high-potential traction end linearly increases from 20% to 50%, while
the power fluctuation at the low-potential mass side exhibits a non-linear amplification trend,
reaching approximately 2.04 times that of the traction end. When the total number of mass
blocks is maintained at 5, and the total mass is adjusted from 20 t to 80 t while the speed is
adjusted from 1.25 m/s to 0.32 m/s, still maintaining the rated output power, the torque and
power fluctuations at the traction end remain basically unchanged. Nevertheless, the power
fluctuation at the mass side increases from 16% to 130%, and the power fluctuation decay
time simultaneously extends from 4.27 s to 12.74 s. The aforementioned fluctuations cause
the overall mechanical power fluctuation of the traction motor to reach a maximum of 40.46%.
The research results provide important support for the power fluctuation characteristics and
smoothing control strategies of large-capacity gravity energy storage systems.

Keywords: Gravity energy storage system; Time-varying parameters; Power fluctuation; Wire
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