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Abstract— The expanding improvement of sustainable power 

source challenges more and more the parameters of their 

connection to grid. Utilization of inverters to interconnect to 

the grid has become widespread for a number of power 

quality and distributed generation applications. The design of 

passive filters for such converters has not received as much 

consideration as that for control and operation of the 

semiconductor switches. Conventionally, First order L filter 

and second order LC filters are use but this filters are 

insufficient that is the reason to use LCL filter for grid conn. 

Design of filters used in grid-connected inverter applications 

includes a large number of constraints. The filter necessities 

are driven by tight tolerances of standards such as IEEE 519-

1992 and IEEE 1547.2-2008. Higher order LCL filters are 

important to achieve these regulatory standard requirements 

at compact size and weight. The connection through an LCL 

filter deals certain advantages, but it brings also the 

disadvantage of having a resonance frequency. To 

overwhelmed the above drawback passive damping   methods 

are used. 
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I. INTRODUCTION 

Increasing demand of power and limited accessibility of 

conventional sources are the two key issues worrying 

researchers to think other alternatives of generating power. 

That’s why further non-conventional sources have become 

popular now-a-days. Simultaneously, increasing cost and 

complexity in existing electricity distribution systems and the 

inability of current systems to serve remote areas reliably has 

led to search for alternate distribution methods. One possible 

solution is use of renewable energy sources directly at point 

of load, which is termed as Distributed Generation (DG). 

Utmost renewable sources of energy, like wind, 

solar, fuel cell etc. are interfaced to the existing power supply 

by a power converter. This removes the transmission and 

distribution losses and increases reliability of the power 

supply. But use of power converters will also introduce 

unwanted harmonics that can aff ect nearby loads at the point 

of common coupling to the grid. Hence all such converters 

have a filter to remove these harmonics.  

In order to decrease the current harmonics around 

the switching frequency, a large input inductance can be 

connected in the system. But a big inductance will decrease 

the system dynamics and cannot meet regulatory 

requirements such as IEEE 519-1992 and IEEE 1547-2008. 

Therefore, instead of using just an inductance, a third order 

LCL filter can be used with good performances in current 

ripple decrease even for small inductances. But, LCL filters 

bring an undesired resonance effect that produces stability 

problems. These problems can be solved by Passive damping 

methods[1-3]. 

 

II. LCL FILTER AND PASSIVE DAMPING 

The output filter helps in decreasing the harmonics in 

generated current caused by semiconductor device switching. 

There are several types of filters. The simplest one is the filter 

inductor connected to the inverter's output. But several 

combinations of inductor and capacitors like LC or LCL can 

be used. L and LC filters are not meet standard requirements 

that is the reason for LCL filter is utilize. But LCL filter suffer 

from resonance frequency. To damp out this frequency 

passive damping methods are use.[4-5] 

A. LCL filter:  

This is a third order filter with an attenuation of 60dB/decade 

beyond resonant frequency. Therefore it can be used for 

converters with low switching frequency. It is a third order 

filter which is difficult to be stable and introduces resonance. 

Thus to damp out the resonance passive damping methods are 

used. The LCL filter topology is shown in below figure. 
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Fig. 1: LCL filter for grid connected inverter 

The transfer function of the LCL filter and LCL 

filter with passive damping methods is 

𝐹(𝑠) =  
1

𝐿1𝐿2𝐶𝑓𝑆2+(𝐿1+ 𝐿2)𝑆
                 (1) 

𝐹(𝑠) =  
1+ 𝑅𝑑𝐶𝑓𝑆

𝐿1𝐿2𝐶𝑓𝑆3+(𝐿1+ 𝐿2)𝑅𝑑𝐶𝑓𝑆2+(𝐿1+ 𝐿2)𝑆
  (2) 

The bode-plot for different filter topologies is as 

shown in below. From the bode-plot it is clear that the LCL-

filter with damping method has improved performance 

characteristics when compared with other filter topologies. 

 
Fig. 2(a): Bode plot of L and LC filter 
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Fig. 2(b): Bode plot of  LCL filter with and without 

damping 

B. Passive damping:  

Passive damping is done by adding a resistance in series or in 

parallel with the capacitance or inductance of the filter.[6-7] 

The four possible positions are shown in below. 

 
Fig. 3: Possible position for damping resistance 

III. DESIGN OF LCL FILTER 

Several characteristics must be considered in designing a 

LCL filter, such as current ripple, filter size and switching 

ripple attenuation. The reactive power requirements may 

cause a resonance of the capacitor interacting with the grid. 

Therefore, passive damping must be added by including a 

resistor in series with the capacitor.[8-10] The following 

parameters are needed for the filter design is 

Grid line to line voltage =𝐸𝑛
2  

Phase voltage (inverter output) =𝑉𝑝ℎ 

Rated active power = 𝑃𝑛    

DC link voltage = 𝑉𝑑𝑐   

Grid frequency = 𝜔𝑔  

Switching frequency =𝜔𝑠𝑤     

The base impedance and base capacitance are 

defined by below equations. Thus, the filter values will be 

referred to in a percentage of the base values. 

𝑍𝑏 =  
𝐸𝑛

2

𝑃𝑛
                (4) 

                                      

 

𝐶𝑏 =  
1

𝜔𝑔𝑍𝑏
        (5) 

For  the  design  of  the  filter  capacitance,  it  is 

considered  that  the  maximum  power  factor  variation  seen  

by the  grid  is 5 %,  indicating  that  the  base impedance  of  

the  system  is 

𝐶𝑓 = 0.05 𝐶𝑏
  

(6) 

The maximum current ripple at the output of DC/AC inverter 

is 

𝛿𝐼𝐿𝑚𝑎𝑥 =  
𝑉𝑑𝑐

6𝜔𝑠𝑤𝐿1
              (7) 

Where, L1 is the inverter side inductor. 

A 10%  ripple  of  the  rated  current  for  the  design  

parameters  is 

𝛿𝐼𝐿𝑚𝑎𝑥 = 0.1 𝐼𝑚𝑎𝑥                                           (8) 

Where 

𝐼𝑚𝑎𝑥 =  
𝑃𝑛√2

3𝑉𝑝ℎ

 

                   (9) 

𝐿1 =  
𝑉𝑑𝑐

6𝜔𝑠𝑤∆𝐼𝐿𝑚𝑎𝑥
                           (10) 

Equations (9) and (10) relate the harmonic current 

generated by the inverter with the one injected in the grid: 
𝑖𝑔(ℎ)

𝑖𝑖(ℎ)
=  

1

|1+𝑟[1 − 𝐿1𝐶𝑏𝜔𝑠𝑤

2
𝑥]|

=  𝐾𝑎

   

(11) 

Or 

𝐿2 =  
√

1

𝐾𝑎
2+1

𝐶𝑓𝜔𝑠𝑤
2

   

              (12) 

Where, Ka is the desired attenuation.  

The constant r is the ratio between the inductance at 

the inverter side and the one at the grid side is 

𝐿2 = 𝑟𝐿1   (13) 

Plotting the results for several values of r helps in 

evaluating the transfer function of the filter at a particular 

resonant frequency, depending on the nominal grid 

impedance. 

𝜔𝑟𝑒𝑠 =  √
𝐿1+ 𝐿2

𝐿1𝐿2𝐶𝑓
     (14) 

10𝑓𝑔 <  𝑓𝑟𝑒𝑠 < 0.5𝑓𝑟𝑒𝑠
 
(15) 

The resonant frequency range must be considered to 

satisfy (15). the resistor in series with the filter   capacitance 

is given by (16). 

𝑅𝑓 =  
1

3𝜔𝑟𝑒𝑠𝐶𝑓

 

            (16) 

IV. SIMULATIONS 

A. Grid connected inverter with LCL filter: 2-level grid 

connected inverter with LCL filter diagram shown below: 

 
Fig. 4:  Grid connected inverter with LCL filter 

  This simulation is done in Powersim(PSIM) 

software. The simulation parameter is shown in below table. 

Simulation Parameter Value 

Grid voltage 400 v 

Grid frequency 50 Hz 

Dc-link Voltage 680 V 

Switching frequency 4 Khz 

Inductor filter (Converter side) 220 𝜇ℎ 



Design and Implementation of LCL filter for Grid Connected Inverter 

 (IJSRD/Vol. 5/Issue 03/2017/072) 

 

 All rights reserved by www.ijsrd.com 286 

Capacitor filter 40 µh 

Inductor filter (Grid side) 80 µh 

Damping resistor 0.5 Ω 

Table 1: Simulation parameter of LCL filter for grid 

connected inverter 

The above simulation results are shown below: 

 
Fig. 5(a): Waveform of current before filter 

 
Fig. 5(b): Waveform of current injected into the grid 

 
Fig. 5(c): Waveform of voltage at the point of      common 

coupling 

 
Fig. 5(d): Waveform of inverter output voltage 

 
Fig. 5(e): Waveform of Dc link voltage 

 
           Fig. 5(f): Waveform of FFT of phase voltage 

Above Figure 5(a) shows the waveform of current 

before filter  and THD of this current is 11.16 %. Figure 5(b) 

shows waveform of current injected to Grid and THD of this 

current is 2.34 %. Figure 5(c) shows waveform of Voltage at 

the point of common coupling. Figure 5(d) shows waveform 

of inverter output voltage.  Figure 5(e) shows dc link voltage. 

And Figure 5(f) shows the FFT of phase voltage. 

V. CONCLUSIONS  

This paper presents design procedure for LCL filter for grid 

connected inverter and Implementations of this filter is done 

in powersim simulation software. LCL filter has lower 

inductance value compare to L and LC filter. Thus reducing 

size and cost of the filter. In addition, LCL filter has lower 

grid injected current THD with IEEE standard requirements. 

The drawback of LCL filter is suffered from resonance. But 

this can be solving by Passive damping methods. This paper 

conclude that the LCL filter with passive damping is the right 

choice for grid connected inverter. 
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