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Novel MMC sub-module topology with DC fault clearing capability
SHU Hongchun', WANG Wentao',JJANG Yaoxi*,SHAO Zongxue', WANG Rui', LIAO Mengli'
(1. Faculty of Electric Power Engineering, Kunming University of Science and Technology,Kunming 650500, China;
2. Faculty of Information Engineering and Automation,Kunming University of Science and Technology,
Kunming 650500, China)

Abstract: When short circuit fault occurs on DC line of MMC-HVDC (High Voltage Direct Circuit based
on Modular Multilevel Converter) system,the DC fault current cannot be blocked by traditional HBSM(Half-
Bridge Sub-Module). In this regard,a FLHBSM (novel Five-Level Half-Bridge Sub-Module) topology is pro-
posed. FLHBSM has the same control structure as HBSM with the addition of DC fault clearing capability.
Compared with other sub-module topologies with DC fault clearing capability, FLHBSM reduces the number
of switching devices and the area occupied by the converter station, reduces the loss and provides high
control flexibility, and not only improves the economy of MMC, but also enhances its operation reliability.
Meanwhile, FLHBSM can be compatible with the capacitor voltage balancing strategies suitable for HBSM,
and can choose better capacitor voltage balancing strategy according to the actual needs. A simulation model
of bi-terminal +100 kV 21-level MMC-HVDC system based on FLHBSM is built on MATLAB / Simulink
platform, which verifies the effectiveness of DC fault clearing capacity by using FLHBSM.
Key words: MMC ;sub-module topology; DC fault clearing capability ; voltage balancing strategy ; economy
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Multivariate load forecasting in integrated energy system based on maximal
information coefficient and multi-objective Stacking ensemble learning
CUI Shuyin, WANG Xinjie

(School of Economics and Management,Shanghai University of Electric Power,Shanghai 200090, China)
Abstract:The accurate multivariate load forecasting plays an important role in energy dispatching and opera-
tion planning of integrated energy system. Traditional methods for forecasting electrical, thermal, and cooling
loads separately ignore the coupling relationship between multivariate loads. In order to solve this problem,
a multivariate load collaborative forecasting model based on multi-objective Stacking ensemble learning is
proposed. The maximal information coefficient is introduced to analyze the correlation between multivariate
load and weather factors,and the load coupling morphological index is proposed to deeply explore the coup-
ling relationship between multivariate loads. Then, the multi-objective regression and Stacking ensemble
learning model are combined to establish the multivariate load cooperative forecasting model. A practical
example is given to verify the effectiveness of the proposed model, and the results of numerical examples
show that the forecasting accuracy of the proposed model is higher than that of other forecasting models.
Key words: multi-objective regression;Stacking ensemble learning;integrated energy system;maximal informa-

tion coefficient;regularized greedy forest algorithm
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Table A1 Switching states of IGBT of FLHBSM in each operating mode
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1 1 0 1 0 0 1 1 1 0 Uc
2 0 1 0 1 0 1 1 1 0 Uc
3 0 1 1 0 1 0 1 1 0 U
4 0 1 1 0 0 1 1 0 1 Uc
5 1 0 0 1 0 1 1 1 0 2Uc
6 1 0 1 0 1 0 1 1 0 2Uc
7 1 0 1 0 0 1 1 0 1 2Uc
1 TR 8 0 1 0 1 1 0 1 1 0 2Uc
9 0 1 0 1 0 1 1 0 1 2Uc
10 0 1 1 0 1 0 1 0 1 2Uc
11 1 0 0 1 1 0 1 1 0 3Uc
12 1 0 0 1 0 1 1 0 1 3Uc
13 0 1 0 1 1 0 1 0 1 3Uc
14 1 0 0 1 1 0 1 0 1 4Uc
15 0 1 1 0 0 1 1 1 0 0
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Table A2 Parameters of simulation model
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Un/kV
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