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New energy vehicle scale prediction method with nonlinear residuals
DONG Xiaohong' , FENG Zhiwei' , ZHANG Jiaan', LIU Ning’
(1. School of Artificial Intelligence , Hebei University of Technology, Tianjin 300131, China;

2. State Grid Zhangjiakou Power Supply Company of Jibei Electric Power Co.,Ltd. ,Zhangjiakou 075000, China)
Abstract: Analyzing the development trend of the scale of new energy vehicles is of great significance to the government
regulation , the development direction of vehicle enterprises and the decision-making of the energy department. A new energy
vehicle scale prediction method with nonlinear residuals is proposed in this paper. Firstly,the interval prediction method is used
to study the uncertainty of economic policy. Secondly, considering the residual of scale prediction, the combined prediction
model and support vector regression (SVR) model are used to predict the linear component and nonlinear residual respectively.
Finally ,the range of new energy vehicles scale in the future is obtained by taking the scale of national new energy vehicles as an
example. By comparing different prediction methods, the effectiveness of the proposed method is verified, and the impact of
different policy factors on the scale evolution of new energy vehicles is analyzed. The proposed method provides a corresponding
reference for later charging facilities and other related planning.

Keywords :new energy vehicle; interval forecast; combined forecasting model; support vector regression ( SVR) ; nonlinear

residual ;scale evolution
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Harmonic characteristics analysis of modular multilevel matrix

converter for fractional frequency transmission system
SUN Yuwei', CHANG Jingtian' | FU Chao', GUO Feng’, ZHOU Jinghao’ , GAO Benfeng'
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources
(North China Electric Power University) ,Baoding 071003, China;2. State Grid Taizhou Power
Supply Company of Zhejiang Electric Power Co., Ltd. , Taizhou 318000, China;
3. State Grid Zhejiang Electric Power Co.,Ltd.,Hangzhou 310007, China)
Abstract : The modular multilevel matrix converter (M3C) is the core equipment for fractional frequency transmission system
(FFTS). The AC-AC conversion of M3C leads to direct coupling of the ac electrical quantities at different frequencies , causing
complex harmonic distribution. In order to analyze the harmonic characteristics of the M3C, the analytical expression of the sub-
module capacitor ripple voltage is derived based on the operating principle of M3C at first. On this basis, the analytical formulas
of the nine bridge arms currents harmonics are derived,taking into account the coupling of all four frequency components of the
capacitor voltage. The relationships between the multi-frequency harmonic currents of bridge arm and the system currents on two
sides are analyzed,as well as the key factors affecting the amplitudes of ripple voltage/harmonic current are discussed. The
results show that in steady-state, the currents at frequencies w; and w, flow into the ac systems as the positive-sequence
fundamental currents; the currents at frequencies 3w, and 3w, flow into the ac system as the zero-sequence components ; the
remaining harmonics are circulated in the converter. A zero-sequence current mitigation control strategy for the M3C is
proposed. The accuracy of the theoretical harmonic analysis and the effectiveness of the control strategy are verified by
simulations in Matlab/Simulink.
Keywords : fractional frequency transmission system ( FFTS) ; modular multilevel matrix converters( M3C) ; harmonic analysis;

frequency coupling; capacitors ripple voltage ;arm current
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