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适用于二极管钳位型三电平有源滤波器的母线电压数字控制方法
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摘要： 传统两电平有源电力滤波器(active power filter, APF)由干功率开关耐压水平和载流能力的限制，难以实

现对高压大容量非线性负载的谐波补偿。在高压大容量系统中，二极管钳位型三电平变换器得到了广泛的应用。对

三电平APF进行研究，提出一种母线电压闭环数字控制策略。在同步旋转dq坐标系下，将三电平APF母线电压控制

系统分为电压外环和电流内环2部分。在电压外环中，采用自适应滤波器求出直流侧电压平均值，采用PI控制器产

生有功指令电流维持直流侧电压恒定。在电流内环中，针对三电平APF直流侧中点电位不平衡问题，从空间矢量

PWM调制方法的角度出发，对中点平衡问题进行仔细研究，提出一种简单的中点电压平衡控制策略，只需检测各

相电流和中点电压波动的方向，对小矢量进行取舍实现APF中点电位平衡控制。实验结果表明了所提出算法的正确

性和有效性。

关键词： 有源电力滤波器   二极管钳位型三电平变换器   直流侧电压   PI控制   中点电压控制   

Digital Control Method of DC Voltage for Active Power Filters With Neutral-point 
Clamped Three-level Inverter

HE Ying-jie LIU Jin-jun TANG Jian WANG Zhao-an ZOU Yun-ping 

Abstract: Due to the limitation of voltage capability and current capability of power devices, it is very 
difficult to handle nonlinear loads for the traditional active power filter (APF) with two-level inverter in 
high voltage high power grid. Three-level NPC inverter has been put into practical use for years 
especially in high voltage high power grid. This paper researches the APF with three-level inverter and 
presents a close-loop digital control algorithm of DC voltage for the APF. In dq two-phase rotating 
coordinate, this paper divides the control system of DC voltage into the outer-loop voltage controller and 
the inner-loop current controller. In the outer-loop controller, the mean value of DC voltage is detected 
by the adaptive filter and regulated by the PI controller using active command current. In the current-
loop controller, this paper researches the issues of neutral-point voltage control from the space vector 
PWM (SVPWM) point of view in detail. Then this paper proposes a simple neutral-point voltage control 
method that requires the knowledge of the current direction in each phase and the neutral-point voltage 
ripple's direction. Based on that information, the small vectors that will move the neutral-point voltage in 
the direction opposite from the direction of unbalance can be selected. The experiment results illustrate 
that the performance of the proposed approach is satisfactory.

Keywords: active power filter   neutral-point clamped three-level inverter   DC voltage   PI 
control   neutral point voltage control   
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