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Hazard Analysis and Control of Three-Phase L.oad Unbalance in
Low Voltage Distribution Networks

HE Yifeng, GUO Lin, HUANG Xin, LLI Hanrong, WANG Hao
(1. Huizhou Power Supply Bureau of Guangdong Power Grid Co. , Ltd, Huizhou, 516001, China;
2. Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou 510640, China)

Abstract: In the low voltage distribution networks, existing hazard analysis evaluation indexes of three-phase
load unbalance are undefined and existing control methods of three-phase load unbalance have single effect. Ai-
ming at this problem, based on the simplified low voltage distribution networks calculation model, evaluation
method of three-phase load unbalance problem is proposed. Current unbalance rate, load ratio of distribution
transformer, line loss rate of low voltage distribution networks, voltage deviation and voltage unbalance rate
are selected as the main evaluation indexes. Based on these indexes, quantitative analysis and evaluation of neg-
ative influence on the distribution transformer operation, power loss and power quality in low voltage distribu-
tion networks are carried out under different levels of three-phase unbalance load. Based on strengthening the
daily load management of low voltage distribution networks, improvement of existing control methods are made
in the control strategy or system structure. Automatic commutation switch with multi-objective optimization al-
gorithm and distributed SVGs with coordinated control strategy are proposed. Electromagnetic transient simu-
lations in Matlab/Simulink are carried out. Two points are illustrated from the simulation results. At the first
point, based on the compensation system of coordinated controlled SVGs, low voltage side current of distribu-
tion transformer only contains very small zero-sequence component and harmonic component, which shows the
compensation system has good compensation effect on the three-phase unbalance load current. At the second
point, because the backward power flow of partial SVGs can effectively absorb the unbalance current, no ap-
parent phase voltage drops are appeared at the access points, and this proves the validity of the proposed con-
trol methods. This research can be applied in practical engineering. The improved control methods can compre-
hensively solve the three-phase load unbalance problems, and this include unbalance operation of distribution
transformer, line loss, voltage deviation, voltage unbalance, etc.

Key words: low voltage distribution networks; three-phase load unbalance; distribution transformer operation;

power loss; power quality
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