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Performance optimization of battery-ultracapacitor hybrid
energy storage system

CHAI Xiu-hui', ZHANG Chun-jiang', CHAI Jian-guo®, LI Yan®, GANG Lei'
(1. School of Electrical Engineering, Yanshan University, Qinhuangdao 066004, China;
2. Institute of Tianjin Aerospace Mechanical and Electrical Equipment, Tianjin 300457, China)

Abstract; The uncertainty of wind and solar energy and the sudden change of load power will cause the fluctuation
of DC bus voltage, which will affect the power quality of power converter connected to DC bus. Hybrid energy stor-
age system( HESS) is equipped to improve DC bus voltage performance and ensure system power balance. For the
battery-ultracapacitor HESS, the control strategy that the battery energy storage system stabilizes the DC bus voltage
while the supercapacitor energy storage system adopts the single-current loop control strategy based on high-pass fil-
ter is considered as the research object in this paper. HESS control model is established, and the time-domain ex-
pressions of DC bus fluctuations voltage under load disturbance is deduced. Based on the time-domain expressions,
the influence of the voltage outer loop open-loop shear frequency w_, and the ratio & of high-pass filter transition fre-
quency o, to @, on the HESS anti-jamming performance and ultracapacitor capacity is analyzed in detail, and the
design method of HESS control parameters is obtained. The voltage outer loop is designed according to the maximum

shear frequency f, . to optimize the system performance and reduce the cost. The constraint of £ is k; < 0.5, and

the selection basis of ky; under different targets is given. Through the design of HESS control parameters, DC bus
voltage fluctuation can be effectively suppressed and the system performance can be optimized. Finally, the correct-
ness and feasibility of the theoretical analysis are verified by the results of the 2MW energy storage system simula-
tion model and low power experimental platform.

Key words: hybrid energy storage system; performance optimization; anti-jamming performance ; battery; superca-

pacitor



