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Abstract 
In this article, the LCL filter used for the three-phase two-level inverter with 
six-pulse control is designed from the components of the LC filter by means 
of a coefficient k varying between 0 and 1. The coefficient k is used to deter-
mine the values of the inductances of the LCL filter in relation to the induct-
ance of the LC filter. The capacitor capacity of the LCL filter is identical to that 
of the LC filter. To obtain the RMS voltage and current of the load, a method 
based on measuring the error of the RMS voltage and current of the load is 
proposed. This approach, applied to the three-phase, two-level inverter with 
180˚ full-wave control, enables us to reduce the value of the LCL filter induct-
ance. Satisfactory results are obtained by simulation on MATLAB-Simulink 
software and compared with the LCL filter results. 
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1. Introduction 

The rapid expansion of renewable energies such as photovoltaic solar power raises 
questions about the quality of the alternative energy sent to rural localities (elec-
trical loads). This is because a photovoltaic solar power plant produces DC energy, 
which is converted by a two-stage three-phase inverter. After conversion to AC, 
the voltage and current signals do not comply with the IEEE 519-2014 standard 
[1]. Especially if the three-phase two-level inverter has six-pulse control, the volt-
age THD is over 34% and the current THD depends on the nature of the electrical 
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load. The SPWM-controlled inverter has a voltage THD close to 100%, but the 
current THD is around 10%. In all cases, AC filters must be used to reduce voltage 
and current THD. But there is also a need to have an RMS voltage and current 
value for a load at a low error rate. Hence, the use of dampers in the LCL filter. 

Six-pulse control is specific to three-phase, two-level DC/AC converters. It is 
stable and is performed at low frequency, unlike SPWM control. It has many ad-
vantages: higher efficiency than SPWM control. In 180˚ control, the use of any 
type of semiconductor (thyristor, bipolar transistor, MOSFET and IGBT transis-
tor) is permitted, unlike SPWM control, which does not use thyristors and bipolar 
transistors, as they are unable to switch at high frequencies due to losses [2]-[5]. 

To be used to supply rural communities, the energy available at the output of 
the 180˚-controlled two-level inverter needs to be filtered. Passive filters can solve 
this problem. There are several types of AC filters with different topologies: L, LC, 
LCL, LLCL with their derivatives and dampers [6]-[8]. For reasons of efficiency, 
size, cost and reliability, weight and volume, the use of AC filters is reduced to LC 
and LCL topologies [9]-[11]. 

In the paper [12], we developed a mathematical approach that enabled us to 
obtain the minimum and maximum values of the inductance and capacitance of 
the LC filter for the three-phase, two-level inverter with 180˚ full control. These 
results are used to size the LCL filter. 

Our contribution is based on three points: 
1) Sizing the LCL filter using the formulas for minimum and maximum values 

of LC filter inductance and capacitance developed in the paper [12]; 
2) Sizing the LCL filter dampers; 
3) Compare voltage and current THDs for different combinations of minimum 

and maximum inductances, minimum and maximum capacitor capacities. 
The paper is presented as follows: in section II, the system model and problem 

formulation are carried out; in section III, the formulas for sizing the LC filter of 
the three-phase two-level 180˚ full control inverter are recalled; in section IV, the 
determination of the LCL filter expressions by introducing a coefficient k; in sec-
tion V, the method for sizing the LCL filter dampers; and in section VI, an analysis 
of the results is made. 

2. System Model and Problem Formulation 

 
Figure 1. Supplying an AC load in the LV network. 
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In black is the three-phase, two-level inverter with full 180˚ control, responsible 
for converting the DC voltage E into a non-sinusoidal AC voltage (Figure 1). 

In red is the LCL filter, responsible for attenuating and eliminating the distor-
tion harmonics contained in the non-sinusoidal AC voltage and current signals. 
After the LCL filter is the rural area representing the three-phase AC load. 

In our LCL filter model, inductance L is the total inductance calculated by the 
log method. To form the LCL filter, a coefficient varying between 0 and 1 is ap-
plied, as is done in the logs [11]. The capacitance C of the capacitor calculated in 
log is used in its entirety. 

To the results obtained in this approach, we will associate another approach of 
dimensioning a damper for each L1 and L2 of the L1CL2 filter. Finally, an analysis 
to determine which combinations of L and C give satisfactory results. 

3. Formulas for Sizing the LC Filter of the 180˚ Full Control  
Inverter 

In the paper [12], the LC filter was used to filter the non-sinusoidal alternating 
signals supplied by the 180˚ fully controlled three-phase two-level inverter. The 
sizing was done by calculating the extreme values of the inductance of the LC filter 
which are: 

mini 2
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maxi
L  the maximum value. 
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ω =                             (3) 

From Equation (3), posing ω = ωRés, we can write: 
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4
2

C
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=                         (4) 

For reasons of the high cost of copper noted in the paper [4], we have fixed the 
maximum value of the inductance based on Equation (4): 

maxi mini4L L= ×                           (5) 

This allows us to write according to the resonance phenomenon: 

( )mini 2
maxi

4
2

C
f Lπ

=                         (6) 

4. Determining the Expressions of the LCL Filter Elements 

Consider the single-phase circuit diagram of an LCL filter given in Figure 2. 
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Figure 2. Single phase filter circuit (LCL). 

 
From Figure 2, the transfer function H(P) can be obtained by: 
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+ −
               (7) 

The resonance pulsation is : 

( )Res
1

1k k LC
ω =

−
                       (8) 

The LCL filter attenuates 60 (dB)/decade. 
k is a coefficient between 0 and 1 (0 < k < 1). 
Depending on the values of K, we present the evolution of the gain in dB and 

the phase in degrees as a function of the pulsation ω, illustrated in Figure 3. 
 

 
Figure 3. Bode diagram of the LCL filter according to several values of k. 

 
Figure 3 shows that as k increases, the resonance pulsation increases; and the 

asymptote for k = 0.9 is above the asymptotes for k < 0.9. This means that the 
asymptote for k = 0.9 attenuates more the undesirable harmonics contained in the 
AC voltage and current signals. In terms of phase, there is an increase in the phase 
margin as k increases. This increases the degree of stability of the LCL filter. 

4.1. LCL Filter Element Sizing Method 

Typically, the LCL filter looks like Figure 4, where 1L  and 2L  are inductances 
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and C is the capacitance. 
In our approach, we assume 1 2L L L= + ; L is the LC filter inductance between 

Lmini and Lmaxi. The capacitance C is exactly that of the LC filter between Cmini and 
Cmaxi. These optimum values were developed in [12]. 

In the papers [3], researchers introduced a coefficient r, such that  

1 2L r L= ∗  to give ( ) 21 2L L= + ∗ , with r < 1. This coefficient r introduces a final 
ratio (1 + r) between L and L2 of up to practically 2, which increases the value of 
inductance L. But in this paper, the coefficient k, such that: 0 < k < 1, so that the 
value L does not exceed the sum of inductances 1L  and 2L . This is different 
from what was done in [13]-[15]. This allows us to write: 

1L k L= ∗  and ( )2 1L k L= − ∗  so that: 1 2L L L= + . 
Here, neither 1L  nor 2L  can have a ratio reaching 1 between them and L. But 

their sum is equal to L. This approach reduces the iron core of 1L  and 2L . 
 

 
Figure 4. Single phase filter circuit (L1CL2). 

4.2. Validation of the Method 

Table 1. Simulation parameters. 

PARAMETERS VALUES 

Apparent power SN 50 kVA 

Voltage between phases at the terminals of the AC load, Uph 400 V 

Rated current in the AC load, In 72.17 A 

DC voltage at inverter input, E 513.02 V 

Power factor cosφ 0.8 

Minimum filter inductance LC, Lmini 2.88 mH 

Maximum filter inductance LC, Lmaxi 11.52 mH 

Minimum filter capacity LC, Cmini 0.88 mF 

Maximum filter capacity LC, Cmaxi 3.52 mF 

 
In the paper [12], the combinations were: (Lmini, Cmini); (Lmini, Cmaxi); (Lmaxi, Cmini) 

and (Lmaxi, Cmaxi). The results were obtained for the LC filter used for the three-
phase two-level inverter with 180˚ full-wave control. 

We apply the same combinations of the LC filter to the LCL filter, introducing 
the coefficient k at the inductance L between Lmini and Lmaxi. We take a few values 
of the k coefficient: 0.1 to 0.9. For these values of the coefficient k, we calculate L1 
and L2 which we present in Table 2 and Table 3. 
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Table 2. Values of L1 and L2 according to k for (Lmini, Cmini) and (Lmaxi, Cmini). 

k 
L = Lmini C = Cmini L = Lmaxi C = Cmini 

L1 (mH) L2 (mH) 

0.88 mF 

L1 (mH) L2 (mH) 

0.88 mF 

0.1 0.288 2.592 1.152 10.368 
0.2 0.576 2.304 2.304 9.216 
0.3 0.864 2.016 3.456 8.064 
0.4 1.152 1.728 4.608 6.912 
0.5 1.44 1.44 5.76 5.76 
0.6 1.728 1.152 6.912 4.608 
0.7 2.016 0.864 8.064 3.456 
0.8 2.304 0.576 9.216 2.304 
0.9 2.592 0.288 10.368 1.152 

 
Table 3. Values of L1 and L2 according to k for (Lmini, Cmaxi) and (Lmaxi, Cmaxi). 

k 
L = Lmini C = Cmaxi L = Lmaxi C = Cmaxi 

L1 (mH) L2 (mH) 

3.52 mF 

L1 (mH) L2 (mH) 

3.52 mF 

0.1 0.288 2.592 1.152 10.368 
0.2 0.576 2.304 2.304 9.216 
0.3 0.864 2.016 3.456 8.064 
0.4 1.152 1.728 4.608 6.912 
0.5 1.44 1.44 5.76 5.76 
0.6 1.728 1.152 6.912 4.608 
0.7 2.016 0.864 8.064 3.456 
0.8 2.304 0.576 9.216 2.304 
0.9 2.592 0.288 10.368 1.152 

4.3. Simulation of All Possible Combinations 

The simulations were performed on MATLAB using an Intel ® Core™ i5; 2.50 GHz 
workstation. We present Figures 5-8 to illustrate the results for each combination 
of inductance and capacitor capacitance. 

1) Case 1: Combination (Lmini, Cmini) 
 

 
Figure 5. Evolution of THDu and THDi of the pair (Lmini, Cmini) as a function of k. 
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2) Case 2: Combination (Lmaxi, Cmini) 
 

 
Figure 6. Evolution of THDu and THDi of the pair (Lmaxi, Cmini) as a function of k. 

 
3) Case 3: Combination (Lmini, Cmaxi) 
 

 
Figure 7. Evolution of THDu and THDi of the pair (Lmini, Cmaxi) as a function of k. 

 
4) Case 4: Combination (Lmaxi, Cmaxi) 
 

 
Figure 8. Evolution of THDu and THDi of the pair (Lmaxi, Cmini) as a function of k. 
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4.4. Analysis and Discussion 

In the first case of combination (Lmini, Cmini), the voltage and current THDs com-
ply with the IEEE 519-2014 standard only from k = 0.6 (see Figure 5). Before this 
value of k, the THDs are very high; especially the voltage THD is higher than the 
8% limit value. 

In the second case of combination (Lmaxi, Cmini) where the value of the induct-
ance is high, it is from k = 0.2 that the voltage and current THDs that comply with 
the IEEE 519-2014 standard. The range of k allowing compliance with the stand-
ard has increased from 0.2 to 0.9 (Figure 6). 

In the third combination case (Lmini, Cmaxi) where the condenser capacity value 
is high, the range in which the standard is met remains unchanged, i.e. from 0.2 
to 0.9 (see Figure 7). 

On the other hand, in the fourth combination case (Lmaxi, Cmaxi) where we have 
both high inductance and capacitor capacitance values, the IEEE 519-2014 stand-
ard is met over the entire range from 0.1 to 0.9 (see Figure 8). 

But the RMS current through the load is low. This means that the use of a 
damper to guarantee an exact value for the RMS voltage across the load is not 
possible, as this input will deteriorate the load and, above all, the RMS current. 
The same phenomenon is not observed for the combination (Lmaxi, Cmini), despite 
the high value of the inductance.  

If the economic criterion is added, only the combinations of cases 1 and 3 re-
main. Because the cost of copper is high on the raw materials markets. 

If the criteria of size, volume and weight are added, only the combinations of 
cases N˚1 and N˚3 remain satisfactory. This is because the cost of copper is high 
on the raw materials markets. Figures 9-13 show the waveforms of the filtered 
voltage and current signals for the combination (Lmini, Cmaxi). 

 

 
Figure 9. Voltage and current waveforms for k = 0.1 with L = Lmini and C = Cmaxi. 

https://doi.org/10.4236/eng.2025.175018


K. F. Koffi et al. 
 

 

DOI: 10.4236/eng.2025.175018 297 Engineering 
 

The waveforms of the filtered voltage and current signals for the combination 
(Lmini, Cmaxi) justify compliance with the IEEE 519-2014 standard for the coefficient 
k belonging to the range 0.2 to 0.9. Figure 9 shows the case where the standard is 
not met, with THDu = 10.96% above the standard limit of 8%. 

 

 
Figure 10. Voltage and current waveforms for k = 0.2 with L = Lmini and C = Cmaxi. 

 

 
Figure 11. Voltage and current waveforms for k = 0.5 with L = Lmini and C = Cmaxi. 
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Figure 12. Voltage and current waveforms for k = 0.7 with L = Lmini and C = Cmaxi. 

 

 
Figure 13. Voltage and current waveforms for k = 0.9 with L = Lmini and C = Cmaxi. 
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Figures 14-18 show the waveforms of the filtered voltage and current signals 
for the combination (Lmini, Cmini): 

 

 
Figure 14. Voltage and current waveforms for k = 0.4 with L = Lmini and C = Cmini. 

 

 
Figure 15. Voltage and current waveforms for k = 0.6 with L = Lmini and C = Cmini. 
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Figure 16. Voltage and current waveforms for k = 0.7 with L = Lmini and C = Cmini. 

 

 
Figure 17. Voltage and current waveforms for k = 0.8 with L = Lmini and C = Cmini. 
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Figure 18. Voltage and current waveforms for k = 0.9 with L = Lmini and C = Cmini. 

 
The waveforms of the filtered voltage and current signals for the combination 

(Lmini ; Cmini) justify compliance with the IEEE 519-2014 standard for the coeffi-
cient k belonging to the range 0.6 to 0.9. Figure 14 shows the case where the stand-
ard is not met, with THDu = 12.97% above the standard limit of 8%. 

Figures 19-23 show the waveforms of the filtered voltage and current signals 
for the combination (Lmaxi, Cmaxi). The waveforms of the filtered voltage and cur-
rent signals for the combination (Lmaxi, Cmaxi) justify compliance with the IEEE 
519-2014 standard for the coefficient k varying from 0.1 to 0.9. 

 

 
Figure 19. Voltage and current waveforms for k = 0.1 with L = Lmaxi and C = Cmaxi. 
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Figure 20. Voltage and current waveforms for k = 0.2 with L = Lmaxi and C = Cmaxi. 

 

 
Figure 21. Voltage and current waveforms for k = 0.5 with L = Lmaxi and C = Cmaxi. 
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Figure 22. Voltage and current waveforms for k = 0.7 with L = Lmaxi and C = Cmaxi. 

 

 
Figure 23. Voltage and current waveforms for k = 0.9 with L = Lmaxi and C = Cmaxi. 
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Figures 24-28 show the waveforms of the filtered voltage and current signals 
for the combination (Lmaxi, Cmini). 

The waveforms of the filtered voltage and current signals for the combination 
(Lmaxi, Cmini) justify compliance with the IEEE 519-2014 standard for the coefficient 
k belonging to the range 0.2 to 0.9. Figure 24 shows the case k = 0.1 where the 
standard is not met, with a THDu = 9.56% above the standard limit of 8%. 

 

 
Figure 24. Voltage and current waveforms for k = 0.1 with L = Lmaxi and C = Cmini. 

 

 
Figure 25. Voltage and current waveforms for k = 0.2 with L = Lmaxi and C = Cmini. 
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Figure 26. Voltage and current waveforms for k = 0.5 with L = Lmaxi and C = Cmini. 

 

 
Figure 27. Voltage and current waveforms for k = 0.7 with L = Lmaxi and C = Cmini. 
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Figure 28. Voltage and current waveforms for k = 0.9 with L = Lmaxi and C = Cmini. 

5. LCL Filter Damper Sizing Method 

A filter damper is a resistor used to attenuate voltage and current amplitudes 
to obtain RMS voltage and current values corresponding to those required by 
the load. The LCL filter can have one damper for each inductor (see Figure 
29). 

 

 
Figure 29. LCL filter with shock absorbers. 

 
In Figure 29, R1 and R2 represent the L1 and L2 dampers respectively. 
The approach we propose has already been developed in [16], but for the LC 

filter. It is based on a few properties of numerical analysis. An error rate is set at 
the outset. This allows convergence iterations to be carried out from a resistance 
consisting of: 
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Where ph phmesuree nU U U∆ = − ; n nmesuree nI I I∆ = − ; nU  and nI : rated voltage 
and rated load current. 

Error rates are : 
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∆ = ×                 (10) 

( )% 100%nmesuree n
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I I
I

I
−

∆ = ×                   (11) 

An algorithm for performing the iterations has been developed (see Figure 30). 
The maximum error rate is set at 0.2%. 

 

 
Figure 30. Flowchart of the algorithm for determining damper values. 

 
This algorithm is used to size the resistance of each inductor in the LCL filter. 
The inductance and capacitor capacitance values are given by the simulation 

parameters defined by the section (Table 1). 

5.1. For the Combination (Lmini, Cmini) 

We found that from k = 0.1 to 0.7, it’s impossible to use a damper, because for R1 
= 0 and R2 = 0, the RMS values of voltage and current are lower than the nominal 
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RMS values (see Table 4). The iterations are long, so those shown in the tables are 
just a few lines. 
 

Table 4. Sizing results for dampers R1 and R2 for k = 0.7 (LCL Filter). 

 Lmini = 2.88 mH C = Cmini k = 0.7      

R1 (Ω) R2 (Ω) L1 (mH) L2 (mH) C (mF) Uph (V) In (A) ΔUph (%) ΔIn (%) THDi (%) 
THDu 

(%) 

0 0 2.016 0.864 0.88 396.5 71.54 −0.875 −0.87 1.89 6.01 

1 1 2.016 0.864 0.88 267.9 48.33 −33.025 −33 2.52 8.02 

0.5 0.5 2.016 0.864 0.88 324 58.45 −19 −19 2.24 7.12 

0.3 0.3 2.016 0.864 0.88 350.8 63.29 −12.3 −12.3 2.11 6.7 

0.2 0.2 2.016 0.864 0.88 365.3 65.9 −8.675 −8.69 2.04 6.47 

0.1 0.1 2.016 0.864 0.88 380.5 68.65 −4.875 −4.88 1.97 6.25 

 
Table 4 shows that ΔUph (%) < 0 and ΔIn (%) < 0, so there’s no way of obtaining 

values for R1 and R2 so that ΔUph (%) and ΔIn (%) are below the error rate set at a 
maximum of 0.2%. 

However, for k = 0.8 and 0.9, we were able to dimension R1 and R2 (see Tables 
5-6). 

 
Table 5. Sizing results for dampers R1 and R2 for k = 0.8 (LCL Filter). 

  Lmini = 2.88 mH C = Cmini k = 0.8      

R1 (Ω) R2 (Ω) L1 (mH) L2 (mH) C (mF) Uph (V) In (A) ΔUph (%) ΔIn (%) THDi (%) THDu (%) 

0 0 2.016 0.864 0.88 405.2 73.11 1.3 1.3 1.63 5.18 

1 1 2.016 0.864 0.88 271.9 49.06 −32.025 −32.02 2.22 7.09 

0.05 0.05 2.016 0.864 0.88 396.8 71.59 −0.8 −0.8 1.66 5.28 

0.02 0.02 2.016 0.864 0.88 401.8 72.5 0.45 0.46 1.64 5.22 

0.021 0.021 2.016 0.864 0.88 401.7 72.47 0.425 0.42 1.64 5.22 

0.022 0.022 2.016 0.864 0.88 401.5 72.44 0.375 0.37 1.64 5.22 

0.023 0.023 2.016 0.864 0.88 401.3 72.41 0.325 0.33 1.64 5.23 

0.024 0.024 2.016 0.864 0.88 401.2 72.38 0.3 0.29 1.64 5.23 

0.025 0.025 2.016 0.864 0.88 401 72.35 0.25 0.25 1.64 5.23 

0.026 0.026 2.016 0.864 0.88 400.8 72.31 0.2 0.19 1.65 5.23 

 
The last of Table 5 shows that for R1 = R2 = 0.026Ω, ΔUph (%) < 0.2% and ΔIn 

(%) < 0.19%. The red lines show that ΔUph (%) and ΔIn (%) are negative. In black, 
these are some iterations showing ΔUph (%) and ΔIn (%) positive but not less than 
or equal to 0.2%. 
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Table 6. Sizing results for dampers R1 and R2 for k = 0.9 (Filter LCL). 

  Lmini = 2.88 mH C = Cmini k = 0.9      

R1 (Ω) R2 (Ω) L1 (mH) L2 (mH) C (mF) Uph (V) In (A) ΔUph (%) ΔIn (%) THDi (%) THDu (%) 

0 0 2.016 0.864 0.88 413.9 74.67 3.475 3.46 1.44 4.58 

1 1 2.016 0.864 0.88 275.9 49.77 −31.025 −31.04 2 6.39 

0.1 0.1 2.016 0.864 0.88 396.6 71.55 −0.85 −0.86 1.5 4.77 

0.09 0.09 2.016 0.864 0.88 398.3 71.85 −0.425 −0.44 1.49 4.75 

0.08 0.08 2.016 0.864 0.88 400 72.16 0 −0.01 1.49 4.73 

0.07 0.07 2.016 0.864 0.88 401.7 72.47 0.425 0.42 1.48 4.17 

0.077 0.077 2.016 0.864 0.88 400.5 72.25 0.125 0.11 1.48 4.72 

 
The last of Table 6 shows that for R1 = R2 = 0.077Ω, ΔUph(%) < 0.125% and ΔIn 

(%) < 0.11%. The red lines show that ΔUph(%) and ΔIn (%) are negative. In black, 
these are some iterations showing ΔUph(%) and ΔIn (%) positive but not less than 
or equal to 0.2%. 

5.2. For the Combination (Lmini, Cmaxi) 

For this combination, dampers R1 and R2 can be sized, because for R1 = R2 = 0 and 
for k = 0.1 to 0.9, the RMS values of voltage and current are higher than the nom-
inal RMS values Un and In. Table 7 shows the results for k = 0.7. 

The last of Table 7 shows that for R1 = R2 = 0.552Ω, ΔUph(%) < 0.125% and ΔIn 

(%) < 0.12%. The red lines show that ΔUph(%) and ΔIn (%) are negative. In black, 
these are some iterations showing ΔUph(%) and ΔIn (%) positive but not less than 
or equal to 0.2%. 

 
Table 7. Sizing results for dampers R1 and R2 for k = 0.7. 

  Lmini = 2.88 mH C = Cmini k = 0.7      

R1 (Ω) R2 (Ω) L1 (mH) L2 (mH) C (mF) Uph (V) In (A) ΔUph (%) ΔIn (%) THDi (%) THDu (%) 

0 0 2.016 0.864 3.52 852 153.7 113 112.97 0.17 0.54 

1 1 2.016 0.864 3.52 244.2 44.05 −38.95 −38.96 0.55 1.76 

0.55 0.55 2.016 0.864 3.52 401.5 72.44 0.375 0.37 0.35 1.12 

0.56 0.56 2.016 0.864 3.52 396.5 71.54 −0.875 −0.87 0.35 1.14 

0.551 0.551 2.016 0.864 3.52 401 72.35 0.25 0.25 0.35 1.14 

0.552 0.552 2.016 0.864 3.52 400.5 72.26 0.125 0.12 0.35 1.12 

5.3. For the Combination (Lmaxi, Cmini) 

For this combination, there is no possibility of sizing dampers R1 and R2, because 
for R1 = R2 = 0 and for k = 0.1 to 0.9; the RMS values of voltage and current are lower 
than the nominal RMS values Un and In. Table 8 shows the results for k = 0.7. 

https://doi.org/10.4236/eng.2025.175018


K. F. Koffi et al. 
 

 

DOI: 10.4236/eng.2025.175018 310 Engineering 
 

Table 8. Sizing results for dampers R1 and R2 for k = 0.7. 

  Lmini = 2.88 mH C = Cmini k = 0.7      

R1 (Ω) R2 (Ω) L1 (mH) L2 (mH) C (mF) Uph (V) In (A) ΔUph (%) ΔIn (%) THDi (%) THDu (%) 

0 0 8.064 3.456 0.88 363.8 65.62 −9.05 −9.08 0.3 0.97 

1 1 8.064 3.456 0.88 279 50.33 −30.25 −30.26 0.39 1.24 

0.5 0.5 8.064 3.456 0.88 321.2 57.95 −19.7 −19.7 0.34 1.09 

0.3 0.3 8.064 3.456 0.88 338.4 61.06 −15.4 −15.39 0.32 1.04 

0.2 0.2 8.064 3.456 0.88 347 62.6 −13.25 −13.26 0.32 1.01 

0.1 0.1 8.064 3.456 0.88 355.5 64.13 −11.125 −11.14 0.31 0.99 

 
We found that for k = 0.1 to 0.9 and R1 = R2 =0, the measured rms values of 

voltage and current are all below the nominal rms values Un and In. 
Table 8 shows that ΔUph (%) < 0 and ΔIn (%) < 0, so there is no possibility of 

obtaining values of R1 and R2 so that ΔUph (%) and ΔIn (%) are less than or equal 
to the error rate set at a maximum of 0.2%. 

5.4. For the Combination (Lmaxi, Cmaxi) 

For this combination, there is no possibility of sizing dampers R1 and R2, because 
for R1 = R2 = 0 and for k = 0.1 to 0.9; the RMS values of voltage and current are 
lower than the nominal RMS values Un and In. Table 9 shows the results for k = 
0.7. 

We noticed that for k = 0.1 to 0.9 and R1 = R2 = 0, the measured RMS voltage 
and current values are all lower than the nominal RMS values Un and In. 

Table 9 shows that ΔUph (%) < 0 and ΔIn (%) < 0, so there is no possibility of 
obtaining values of R1 and R2 so that ΔUph (%) and ΔIn (%) are less than or equal 
to the error rate set at a maximum of 0.2%. 

 
Table 9. Sizing results for dampers R1 and R2 for k = 0.7. 

  Lmini = 2.88 mH C = Cmini k = 0.7      

R1 (Ω) R2 (Ω) L1 (mH) L2 (mH) C (mF) Uph (V) In (A) ΔUph (%) ΔIn (%) THDi (%) THDu (%) 

0 0 8.064 3.456 3.52 235.4 42.47 −41.15 −41.15 0.11 0/35 

1 1 8.064 3.456 3.52 145.4 26.23 −63.65 −63.66 0.17 0.55 

0.5 0.5 8.064 3.456 3.52 188.8 34.06 −52.8 −52.81 0.13 0.43 

0.3 0.3 8.064 3.456 3.52 207.8 37.48 −48.05 −48.07 0.12 0.39 

0.2 0.2 8.064 3.456 3.52 217.2 39.19 −45.7 −45.7 0.12 0.37 

0.1 0.1 8.064 3.456 3.52 226.5 40.86 −43.375 −43.38 0.12 0.36 

6. Analysis of Results 

The aim of this work is to use the parameters of the LC filter of the 180˚-controlled 
three-phase two-level inverter to construct an LCL filter for the same inverter by 
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introducing a coefficient k varying between 0.1 and 0.9 on the one hand; and on 
the other hand to dimension the dampers of the different LCL filters and deduce 
the classification of the combinations by taking into account the cost, weight, vol-
ume and damping of the filtered load signals. 

The results show that for all combinations and for k ranging from 0.1 to 0.9, the 
voltage and current THDs comply with the IEEE 519-2014 standard. Except for 
(Lmini, Cmini), for which compliance with IEEE 519-2014 is only possible for k rang-
ing from 0.6 to 0.9. 

An approach based on numerical analysis has been applied to all LCL filter com-
binations to size the various dampers. The results are satisfactory for the combina-
tion (Lmini, Cmaxi) for k ranging from 0.1 to 0.9, as it is possible to size for this combi-
nation. It is also possible to do so for k = 0.8 and 0.9 for the (Lmini, Cmini) combination. 
There is no possibility for the other combinations, as in the remaining cases the 
inductances are high. They therefore cause a high voltage drop. This makes it im-
possible to use dampers to stabilize RMS voltage and current values. 

If, in addition to damping, we consider cost, weight, volume and overall dimen-
sions, we can easily say that the best combination is (Lmini, Cmaxi) for k ranging 
from 0.1 to 0.9. The combination (Lmini, Cmini) is also interesting for only k = 0.8 
and 0.9. 

Generally, we can say that combinations where the inductance value is minimal 
cause less voltage drop. The L1 and L2 coils don't require a large iron core because 
of the low value of Lmini. The number of turns should therefore be lower, de-
pending on the dampers R1 and R2. 

Comparison of the performance of LC and LCL filters in compliance with the 
IEEE 519-2014 standard. 

Looking at Table 10, we can see that the LCL filter has lower-value dampers 
than the LC filter. This could result in fewer joule losses for the same current. But 
its voltage and current THD values are higher than those of the LC filter. 

 
Table 10. LC vs LCL filter comparison. 

LC Filter LCL Filter 

Combina-
tions 

THDu 
(%) 

THDi 
(%) 

Damper R (Ω) k 
THDu 

(%) 
THDi 
(%) 

Dampers (Ω) 

R1 R2 

(Lmini, Cmini) 4.37 1.37 0.2 0.9 4.58 1.44 0.077 0.077 

(Lmini, Cmaxi) 0.89 0.28 0.767 0.9 0.94 0.29 0.6125 0.6125 

(Lmaxi, Cmini) 1.08 0.34 

Impossible 

0.75 0.95 0.3 

Impossible 
(Lmaxi, Cmaxi) 0.55 0.17 

0.25 0.11 0.03 

0.5 0.23 0.07 

0.75 0.37 0.12 

0.9 0.46 0.14 

 
For the combination (Lmini, Cmaxi), voltage and current THDs are significantly 
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the same. The LCL filter could lose more Joule losses than the LC filter, due to the 
virtually equal damper values. Here, filter volume, weight and size could make the 
difference. 

The (Lmaxi, Cmini) and (Lmaxi, Cmaxi) combinations are not recommended because 
of their high voltage drop. 

7. Conclusions 

Our method was to construct an LCL filter from the results of the LC filter dimen-
sioned in the paper [12] and a coefficient k varying between 0 and 1, so that the 
sum of the inductances L1 and L2 of the LCL filter is equal to the inductance L of 
the LC filter. The inductance L is positioned between Lmini and Lmaxi on the one 
hand; and on the other hand, dimension their dampers using a numerical analysis 
approach. 

All combinations (Lmini, Cmini); (Lmini, Cmaxi); (Lmaxi, Cmini) and (Lmaxi, Cmaxi) were 
tested on the 180˚-controlled three-phase two-level inverter on MATLAB R2016a 
software. The results of each combination make it possible to set the coefficient k 
range where the voltage and current THDs comply with the IEEE 519-2014 stand-
ard. The dampers could, therefore, only be sized for the combinations (Lmini, Cmini) 
for k = 0.8 and 0.9; and (Lmini, Cmaxi) for k = 0.1 to 0.9. 

If we consider the high cost of copper on the raw materials markets, volume, 
weight and bulk, a classification of combinations is possible for the LCL filter ac-
cording to k ranges. 

The combination (Lmini, Cmini) would be the most advisable for k = 0.8 and 0.9. 
It is followed by (Lmini, Cmaxi) for k between 0.1 and 0.9; and secondly for the pos-
sibility of using a damper to correctly set the RMS values of load voltage and cur-
rent. 
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Nomenclature 

Lmini/Lmaxi minimum/maximum filter inductance 

K LCL filter inductance sharing coefficient 

SN apparent power of the AC load 

Uph voltage between phases on the AC load 

SPWM Sinusoidal Pulse-Width-Modulation 

THDu/I Total Harmonic distorsion for voltage or current 

In rated current in the AC load 

Cmini/Cmaxi minimum/maximum filter capacitor capacity 
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