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Abstract—Active damping and harmonic compensation are 

two common challenges faced by LCL-filtered voltage source 
converters. To manage them holistically, this paper begins by 
proposing a virtual RC damper in parallel with the passive filter 
capacitor. The virtual damper is actively inserted by feeding back 
the passive capacitor current through a high-pass filter, which 
indirectly, furnishes two superior features. They are the 
mitigation of phase lag experienced by a conventional damper 
and the avoidance of instability caused by the negative resistance 
inserted unintentionally. Moreover, with the virtual RC damper, 
the frequency region, within which the harmonic compensation is 
effective, can be extended beyond the gain crossover frequency. 
This is of interest to some high-performance applications, but has 
presently not been achieved by existing schemes. Performance of 
the proposed scheme has been tested in the laboratory with 
results obtained for demonstrating stability and harmonic 
compensation. 
 

Index Terms—Active damping, stability, resonance, voltage 
source converters, harmonic compensation 
 

I. INTRODUCTION 
CL filters have widely been used with grid-connected 
voltage source converters due to their better switching 

ripple attenuation and smaller volumes when compared to L 
filters [1]. However, the presence of LCL resonance 
complicates the converter control and its sensitivity to 
harmonics [2], which can, at times, be worsened by other 
paralleled converters with their own resonances [3], [4]. This 
challenge cannot be ignored especially with more nonlinear 
and electronic loads connected to the grid. In addition, if the 
grid voltages are distorted, they tend to cause the grid 
converters to generate current harmonics, which often require 
the use of multiple resonant controllers for selective harmonic 
compensation [5]. Hence, it is necessary for the converters to 
be controlled such that they meet grid codes with effective 
harmonic disturbance rejection and resonance damping. 

The combined requirements of resonance damping and 
selective harmonic compensation are generally tough to 
achieve simultaneously for grid converters. The latter, in 
particular, demands for multiple resonant current controllers to 
be used [6]-[8], which in theory, are multiple control functions 
developed for selective harmonic compensation. They should 
hence not be confused with the oscillatory LCL resonance. 

Both concepts (selective harmonic compensation and LCL 
resonance damping) must however be considered together, 
before an optimized solution can be developed. 

Beginning with selective harmonic compensation, the 
design of resonant controllers for converters with L filters has 
presently been well documented, where it has been shown that 
harmonics up to the Nyquist frequency can be effectively 
compensated [9]-[11]. The same, however, does not apply to 
LCL-filtered converters, where the use of resonant controllers 
for compensating harmonics around the LCL resonance is 
particularly challenging [9]. To avoid unnecessary 
complications, resonant controllers for LCL-filtered converters 
are usually placed below the gain crossover frequency, defined 
by the proportional gain of the current control loop [12], [13]. 
The purpose is to decouple the stability of resonant controllers 
from the influence of the LCL resonance. Although effective, 
this approach has two restrictions. The first is the 
unintentional limitation of compensating frequency ranges of 
the LCL-filtered converters, as compared to the L-filtered 
converters, whose influence on high-performance applications 
are even more prominent [14], [15]. The second is a large 
safety margin needed for accounting grid impedance variation, 
which may shift the gain crossover frequency over a wide 
range. That shifting may cause Phase Margin (PM) of the 
overall control system to be reduced near the gain crossover 
frequency, leading to unstable harmonic compensation [13]. 

It is therefore of interest to extend the frequency 
compensation range of resonant controllers, which in theory, 
is possible only after damping the LCL resonance effectively. 
Damping of LCL resonance is particularly important for a 
weak grid, where grid impedance and hence LCL resonance 
frequency vary widely. These variations can more easily cause 
instability if external damping is not employed. It is therefore 
necessary to have external damping, where the simplest 
approach is to add a passive damping resistor to the LCL filter. 
Adding a physical resistor will however inevitably raise the 
total power loss [16], [17]. Active damping methods are 
therefore preferred, which can either be implemented by 
cascading digital filters in series with the current controllers 
[18] or feeding back additional filter variables [2], [19]-[28]. 
In [20] and [21], voltage across the filter capacitor has been 
fed back through a lead-lag filter, which upon considering the 
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