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Fig. 2 Smoothing control of hybrid energy storage system
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Fig.3 Bode schematic diagram of output power
transfer function of ultracapacitor and battery
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Fig. 4 Traditional threshold management
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Fig. 5 Energy management method of hybrid energy
storage system
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Fig. 6 Adjustment rule of ultracapacitor terminal voltage
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Fig.7 Effect of ultracapacitor terminal voltage control
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Fig. 8 Output power waveform of wind
power generation system
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Fig. 9 Output power waveforms of tie-line
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Fig. 11 Terminal voltage waveforms of ultracapacitor
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Fig. 12 Terminal voltage waveforms of
ultracapacitor with different U, .,
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An Energy Management Method of Hybrid Energy Storage System Based on Smoothing Control

ZHANG Ye, GUO Li, JIA Hongjie, WANG Chengshan
(Key Laboratory of Smart Grid of Ministry of Education, Tianjin University, Tianjin 300072, China)

Abstract: The energy storage system (ESS) as an energy buffering unit can effectively suppress power fluctuation. A new
energy management method of hybrid battery and ultracapacitor storage system based on smoothing control is proposed. In this
method, batteries and ultracapacitors are used to compensate for the low-frequency components and high-frequency components
of fluctuating power, respectively. Meanwhile on the basis of traditional threshold management method, ultracapacitor terminal
voltage pre-control is presented, in which according to the charging/discharging mode and state of charge (SOC) of
ultracapacitors, the output power references of batteries and ultracapacitors are modified to prevent ultracapacitors from
stopping working when terminal voltage reaches limits. Finally, a PSCAD model is used to verify the validity of this method.
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Fig.A1 Cooperative control block diagram of hybrid energy storage system



