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Abstract: To mitigate power fluctuations caused by high-power pulse load switching in ship gas
turbine power generation systems, this research proposes a hybrid energy storage power alloca-
tion strategy for ship micro gas turbine power generation systems. The strategy involves the ap-
plication of a hybrid energy storage system composed of flywheel energy storage devices and bat-
teries. It incorporates variational mode decomposition (VMD) and fuzzy control strategy. The
primary allocation of flywheel energy storage and batteries in the hybrid system is achieved using

arithmetic optimization algorithm-based optimized variational mode decomposition (AOA-VMD).
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Two parallel fuzzy controllers are designed to regulate flywheel energy storage and battery prima-
ry power, considering the safe operation ranges of flywheel energy storage speed and battery state
of charge. This shipboard micro gas turbine power generation system model, including gas tur-
bine, generator, hybrid energy storage system, and pulse power load, is established for perform-
ance simulation. The results indicate that incorporating hybrid energy storage reduces the maxi-
mum fluctuation in DC bus voltage caused by pulse load switching by 6. 4% , with a corresponding
decrease of 0.02% in maximum change rate of micro gas turbine speed. When compared to tradi-
tional filter and unoptimized VMD algorithms, applying the AOA-VMD algorithm for power fluc-
tuation signal decomposition reduces DC bus voltage fluctuation by 3 V and 2. 4 V, respectively,
when subjected to a peak power pulse load of 40 kW. The associated micro gas turbine speed fluc-
tuation rates decrease by 0.012% and 0.014%. When the aforementioned load is removed, volt-
age reduction is observed at 2. 7 V and 0. 6 V respectively, with corresponding speed fluctuation
rate reductions of 0. 018% and 0. 012%. Through simulation, proof of the effectiveness and supe-
riority of the proposed hybrid energy storage power allocation strategy based on variational mode
decomposition is affirmed.

Keywords: micro gas turbine power generation system; storage system; variational mode decomposition;

arithmetic optimization algorithm; pulse power load
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Fig. 1 Model of a micro gas turbine power generation system
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Fig. 2 Equivalent structure of a single pulse load
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Table 3 The specific fluctuation characteristics of Uy and n’

under different power allocation strategies for HESS
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