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Fig.3 Schematic diagram of initial voltage variation AV
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Fig.4 Voltage of energy storage module
in charging-redistribution state
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Table 1 Parameters of the energy
storage module in VLR model

LI Ky/
R,/Q Cc,/F
% ! 0 (F-v)

13.2552 0.047 1 0.001 47 39221.93 0.006 119
13.7299 0.046 3 0.001 38 40 722.37 0.005 894
13.210 8 0.048 4 0.001 60 40 371.06 0.005 945
13.7751 0.0452 0.001 66 42 465.87 0.005 652
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FEHME 13.500 9 0.047 84 0.001 55 40 288.06 0.005 963
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Fig.5 The equivalent circuit of self-discharge analysis
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Fig.6 Voltage of energy storage
module in self-discharge state
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Fig.7 The relationship between R,
and self-discharge time
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Self-discharge analysis of energy storage module based on supercapacitor
LIU Xuan, WANG Yue, WU Yipeng
(College of Aerospace Engineering,Nanjing University of Aeronautics and Astronautics, Nanjing 210006, China)

Abstract: Low-power self-powered equipment has gradually become the mainstream of development with the continuous
advancement of Internet of Things technology. Energy storage module based on supercapacitors can be applied to low-power self-
powered smart devices,but the self-discharge characteristics of supercapacitors will cause the loss of stored energy and the drop
in terminal voltage, which is not conducive to the power consumption of low-power self-powered devices management and
measurement. A variable leakage resistance model which is used to analyze the introduced energy storage module is established
in this paper. The relevant parameters in the equivalent model are determined through experiments and the self-discharge
process of the energy storage module is analyzed by Matlab/Simulink. Finally, the simulation results are fitted with piecewise
linearization in order to facilitate subsequent test error correction or mathematical calculations in the future, and the fitted
equivalent circuit model is used to predict the voltage of the energy storage module during self-discharge. The voltage variation
of the energy storage module predicted by the equivalent model fits well with the experimental data. The work in this paper
completes the basical steps for the designation of power management unit and the power consumption measurement in low-power
and energy autonomous devices.

Keywords : supercapacitor ; energy storage system;analysis of self-discharge ; equivalent circuit model; low-power consumption;

self-powered
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