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A Resonance Frequency Tracking Adaptive Digital Notch Filter

for a Single-phase Grid-connected Inverter with LCL Filter
Jin Yong Heo

Department of Electrical Engineering, The Graduate School,
Pukyong National University

Abstract

In the growing interest in renewable energy, the role of power
converters has become more important. However, as the use of power
converters is elevated, the negative effects of power conversion also
increase because the grid-connected inverters not only convert energy
but also generate harmonics that degrade grid quality by their switching
behavior. Using an LCL filter is a cost-effective solution to mitigate
switching harmonics in the grid-connected inverters especially compared
with conventional L filters.

Although the LCL filters have superior attenuation ability, the entire
system could be wunstable because of the LCL filter's resonance
characteristic. Various passive or active damping methods have been
proposed to solve this problem. Digital notch filter based methods are
simple ways to stabilize the system among the methods. The methods
inhibit the system resonance phenomenon by simply aligning the notch
frequency to the resonance frequency. However, the system is only
stable where the system resonance frequency is matched with notch
frequency. In the real systems, there is a chance of resonance frequency

variation caused by filter aging or grid impedance changing, therefore,

- viil -



the resonance frequency estimation is necessary to avoid the stability
problem excited by variation of the system parameters. Several
estimation methods were proposed to solve the problem. However, The
conventional resonance frequency estimation methods have some
drawbacks such as unavailability during operation state or very slow
estimation time.

This paper proposes a new adaptive digital notch filter that has the
ability to track the system resonance frequency to maintain the system
stable even the system parameters are changed where the inverter side
current is controlled. The system resonance frequency variation tracking
speed is considerably improved compared to the conventional methods.
Simulations and experiments are carried out to verify the validity of the
proposed method. It is expected that the proposed method can be used
in the field of the grid-connected inverter system with improved

stability.
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nzx3 AFE Aty JoH1l. ¥ 118 IEEE-519 ¥+<% Yeysd
PCC(Point of Common Coupling)®] A <¢te] 120[VI]eld 69[kV]elstel 7%

azxvp zbge] mE FF Az AF AFAE AASL U

3% 1.1 Current distortion limits for systems rated 120V through 69kV

Maximum harmonic current distortion in percent of 7
Individual harmonic order (odd harmonics)*"

Lo/, | 3<h<1l|11<h<17|17<h<23|23<h<35|35<h<50 TDD
<20° 4.0 2.0 15 0.6 0.3 5.0
20 < 50 7.0 35 2.5 1.0 0.5 8.0
50 < 100 10.0 45 4.0 1.0 0.7 12.0
100 < 1000 12.0 55 5.0 1.5 1.0 15.0
> 1000 15.0 7.0 6.0 2.0 1.4 20.0

“Even harmonics are limited to 25% of the odd harmonic limits above.

PCurrent distortions that result in a dc offset, e.g. half-wave converters, are not
allowed.

°All power generation equipment is limited to these values of current distortion,
regardless of actual /I,
where

I.=maximum short circuit current at PCC

[;=maximum demand load current (fundamental frequency component) at the PCC
under normal load operating conditions
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