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Abstract: Distributed energy storage systems are widely employed in DC distribution
networks because of their effectiveness in suppressing fluctuating renewable energy outputs
and enhancing the overall rate of energy utilization. However, the traditional consensus-based
Pl control method has a narrow stability region; thus, the system is prone to instability under
large, uncertain disturbances and during interruptions to communication links. To address this
issue, a hierarchical control approach is used herein. At the second level, considering the
strongly coupled and nonlinear characteristics of grid-connected converters for distributed
energy storage, an affine model in the Lie derivative form is established. The mapping
relationship between the state variables and control variables is reconstructed and complete
decoupling transformation is achieved. By constructing a global energy function, the dynamic
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energy associated with distributed energy storage can be actively shaped. Exact linearization
transformation is realized. A simple feedback linearization control law is sufficient for ensuring
that all state variables rapidly converge toward the desired operating point along the gradient
of the energy function. Global asymptotic stability is guaranteed. At the primary level, a
method of balancing SoC control with a dynamic event-triggering mechanism is designed. The
gain of the feedback linearization control law is adaptively adjusted based on neighboring SoC
errors. The tracking speed of the grid-connected voltage and desired current trajectories
increases, whereas the communication frequency in consensus-based control decreases. The
experimental results obtained with dSPACE demonstrate that under test scenarios involving
photovoltaic power fluctuations, load-step changes, parameter perturbations, time-varying
communication delays, and communication-link interruption faults, the proposed method
achieves stable cooperative control of distributed energy storage, accurate power allocation,
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and a dynamic SoC balance.
Keywords: distributed energy storage;
function; SoC balance
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Fig. 1 Schematic of distributed energy storage grid-connected system and traditional consensus-based PI
control method
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and equivalent decoupling of Lie derivative affine model
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Fig. 10 Experimental results of different control methods with time-varying communication delay
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Fig. 11 Experimental results of nonlinear

disturbance observer control method in case 2
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Fig. 13 SoC balance of distributed energy storages for adaptive control gain in case 3
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Fig. 14 Effect of different event-triggering mechanisms in case 4
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Fig. 16 Scalability of distributed energy storage grid-connected control system with dynamic communication
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