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remains constant, and the battery current of BAT#1 remains 
unchanged.

By changing the power of battery modules, the control 
strategy proposed in the paper can be experimentally verified. 
The voltage and current waveforms of the unchanged IDCs 
are shown in Fig. 13. By decreasing the power of BAT#2, 
the input voltage of the measured IDC#1 is 23.5 V, which 
remains basically unchanged, but its output voltage increases 
from 33.4 V to 36.4 V. The IDC#1 still works at PR mode and 
its transmission power does not change with output voltage 
increasing. Decreasing the power of BAT#2 again, the input 
voltage of the tested IDC#1 remains basically unchanged, and 
the output voltage increases from 36.4 V to 40.8 V. It can be 
seen from Fig. 13 that when the transmission power of other 
IDCs change, this IDC can maintain its own PR mode to 
regulate the charge/discharge power.

The voltage waveform of the IDC when the power of 
BAT#1 decreases is shown in Fig. 14. After a short transient 
process, the input voltage uBAT1 of IDC#1 remains 24 V, and 
the output voltage uO1 decreases from 86 V to 43 V; the input 
voltage uBAT2 of the unchanged IDC#2 remains 24 V, and the 
output voltage uO2 increases from 84 V to 88 V. The IDC#1 and 

Fig. 12.  Voltage and current waveforms of single-phase inverter.

Fig. 13. Voltage and current waveforms of grid-tied system during power 
changing.

Fig. 14. Voltage waveforms of submodules in power change condition.

IDC#2 both work at PR mode and the transmission power of 
IDC#2 does not change when the power of other IDC changes. 
Therefore, the power regulation of IDC#1 does not affect 
the power regulation of IDC#2. When each IDC achieves 
distributed power control, independent voltage-power tracking 
and autonomous distribution of output voltage is also achieved.

VI. ConClusIon

In this paper, a distributed multimode control strategy for 
cascaded IDCs has been proposed. Individual power regulation 
and autonomous distribution of output voltage can be achieved 
without real-time communication. The output voltage 
limitation and voltage gain range of IDC are considered, and 
a comparative study based on quantitative and qualitative 
analysis of operation boundary conditions, working modes and 
control strategy has been conducted. Furthermore, considering 
the upper/lower gain limits of IDC and operation boundary 
conditions, a parameter design procedure is also proposed. 
The relationship between cascaded number and voltage gain 
limits is derived and the parameter of battery storage system 
is calculated with a design flowchart. System simulations and 
down-scaled experiments are built to validate the proposed 
control strategy and parameter design procedure.
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Fig. 11.  (a) Experimental circuit and (b) photo of experimental setup.
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