配电网环境下分布式发电的综合功率控制方法
摘 要

近些年来，随着分布式发电在公共电力系统、尤其是配电网中的渗透率逐渐提升，传统的控制方法将不再适应以下出现的挑战性问题。首先，由于基于电力电子的分布式发电单元缺少类似传统同步发电机的转动惯量和阻尼，故而提出了虚拟同步发电机的概念。其次，为了能够实现虚拟同步发电机下垂控制的解耦效果，需要在高阻抗比馈线的配电网中实现虚拟阻抗的概念。以上提出的综合性控制方法，将在基于Matlab/Simulink的仿真系统中进行应用和验证。获得的试验结果将表明提出的方法不但能实现系统较好的有功/无功功率跟踪的稳态和暂态过程，而且也实现了较小的电压和电流谐波畸变率。


本文研究的典型分布式发电系统结构如图1所示，虚线框内代表完整的分布式发电单元。
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图1 典型分布式发电系统的结构

本文提出的虚拟同步发电机的响应模型如图2所示，考虑了传统同步发电机的虚拟转动惯量常数H和阻尼常数Dp。
[image: image2.png]2Hs+D,





图2  虚拟同步发电机的输入-输出响应模型

本文考虑分布式发电单元接入配电网馈线时的等效系统如图3所示，虚线框内为含有虚拟阻抗的分布式发电单元，对外等效点为B点。
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图3 含有虚拟阻抗（感抗）的等效馈线系统

本文用于验证的实验系统如图4所示，采用双机并联的形式进行预期效果验证。
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图4 实验系统的结构
A Combinative Power Control Method of Distributed Generation in Distribution Network 
Abstract

In recent years, with higher penetration of distributed generation(DG) units appear in utility gird, especially the distributed network, the traditional control methods are no longer adapted to the following challenges. Firstly, due to the power electronics-based DG units lacks of moment of inertia and damping as the traditional synchronous generators(SG) have, so that the virtual synchronous generator(VSG) is proposed in this paper. Besides, in order to achieve the decoupled effect of droop control in the distributed network which has a high R/X ratio in feeder line, the virtual impedance(VI) is also proposed. The proposed combinative method of VSG and VI will be applied and verified in a simulated system by Matlab/Simulink. The obtained experimental results will show the proposed approaches can realize not only good performance of steady and transient process of active and reactive power tracking, but also less distortion of output voltage and current.

The typical structure of distributed generation system studied in this paper is shown in Figure 1. The dotted box represents a complete distributed generation unit. 

Fig.1 Structure of typical distributed generation system 

The response model of the virtual synchronous generator proposed in this paper is shown in Figure 2, considering the virtual inertia constant H and damping constant Dp as the traditional synchronous generator has. 

Fig.2  Input-output response model of VSG

In this paper, the equivalent system of distributed generation unit when it is connected to the  feeder lines of distribution networks as shown in Figure 3. The distributed generation unit with virtual impedance is in the dotted box, and the external equivalent point is Point B. 






Fig.3 Equivalent system with virtual inductance

The experimental system used for verification in this paper is shown in Figure 4, and the expected effect verification is carried out in the form of two parallelled connected DGs. 





Fig.4 Structure of the experimental system 
