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Fig.1 Response frequency range of

energy storage device
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Fig.2 Relationship between decomposition level and
sampling frequency
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Fig.3 Optimization flowchart of key parameters for

wavelet transform
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Fig.4 Cross correlation coefficient between
typical wavelet base and load power
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amplitude characteristics during sag
LIU Yufeng',WU Xuezhi"?,LIU Jingdou',LI Xiaoliang’,ZHU Guitang’
(1. National Active Distribution Network Technology Research Center (NANTEC),
Beijing Jiaotong University, Beijing 100044, China;
2. Collaborative Innovation Center of Electric Vehicles in Beijing, Beijing 100044, China;
3. Beijing Xinghang Mechanical and Electrical Equipment Co.,Ltd.,Beijing 100074, China)

Abstract: The key to realize voltage sag compensation is to judge the occurrence of sag events quickly
and accurately. The problems of existing small angle delay detection method are analyzed,and an improved
voltage sag judgment method is proposed. Based on the construction of o8 coordinate system with small angle
delay, the voltage characteristics of dq coordinate system at the time of sag are analyzed,and the expression
of d axis component with amplitude information is derived. By predicting the change trend and magnitude
of d axis component at the time of sag,the voltage sag can be quickly determined. The proposed method
can overcome the influence of amplitude fluctuation in small angle delay detection method,improve the detec-
tion speed,and is conducive to the follow-up compensation effect. Simulative results verify that the proposed
method can effectively improve the real-time performance and accuracy of detection.

Key words:voltage sag;detection;small angle delay;voltage characteristics;change trend prediction
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Wavelet transform method for hybrid energy storage system

smoothing power fluctuation
CHENG Long,ZHANG Fanghua
(College of Automation Engineering,Nanjing University of Aeronautics and Astronautics,Nanjing 211106, China)

Abstract: HESS (Hybrid Energy Storage System) composed of lithium battery and supercapacitor is widely
used to smooth the power fluctuation in power system. Low frequency power components are allocated to
lithium batteries to give full play to their energy advantages, while high frequency power components are
allocated to supercapacitors to give full play to their power advantages. Wavelet transform has the ability of
multi-scale decomposition,which can allocate the fluctuating power more reasonably according to the charac-
teristics of energy storage devices. Based on the equivalent time of energy storage device, a method to
quantify the frequency characteristics of energy storage devices is proposed. The selection of wavelet basis
and the optimization of decomposition level are two critical factors for wavelet transform, which directly
affects the decomposition results of fluctuating power. The sum of correlation coefficients, which takes into
account both the high and low frequency power components of HESS, is used to select the appropriate
wavelet basis. Meanwhile, the relationship between the frequency characteristic of energy storage device and
the decomposition level of wavelet transform is established to optimize the decomposition level. Simulative
results show that the proposed method can take full advantages of energy storage devices.
Key words: hybrid energy storage system;power fluctuation;frequency characteristics; wavelet transform; de-

composition level
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Table A1 Parameters of load power

¥ Hl
B, BIECRE /AW 157.32
P, WP 3 ME /KW 68.2
P, Wi /ME /KW 29.8
P S BEE /(KW -h) 79.5
KPR f /kHz 1
P, W5 RAE /AW 89.1
P,.q BB /NMEKW -38.4
P, MR EEE /(KW -h) 1.3
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Fig.A2 Comparison between low frequency component based on haar wavelet base with remaining power
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Fig.A3 Comparison between low frequency component based on dmey wavelet base with remaining power
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Fig.A4 Comparison between low frequency component based on rbio3.1 wavelet base with remaining power
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Fig.A5 Comparison between high frequency component based on haar wavelet base with remaining power
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Fig.A7 Comparison between high frequency component based on rbio3.1 wavelet base with remaining power
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