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Abstract—This paper presents a three-phase DC-AC 

inverter with a low power dissipation filter for photovoltaic-

based micro-grid power system. The traditional LCL and 

LLCL filters can reduce harmonic disruptions, but they create 

new problems in terms of a considerable resonance in their 

fundamental frequency. They also results in lower power 

output. Therefore, this paper proposes a new filter 

configuration that can improve power output but does not 

increase the THD. A comparative study of several filter 

topologies, including the LCL, LLCL filters and the new filter, 

is presented in this paper. The simulation results show that the 

new proposed filter with a H-bridge damper element gives 

THD of about 0.39% for the output voltage and about 1.98% 

for output current. The average output voltage amplitude of 

the filter is about 220V-380V, which is almost similar to its 

input voltage domain. With those input voltage domain, the 

proposed filter can deliver about 6.8-7.1kW output power with 
very impressive power efficiency of about 95%. (Abstract) 

Keywords—Power Electronics, 3-Phase Inverter, Power 

Passive Filter, Passive Damping Method 

I. INTRODUCTION

Recent years, the increases of population and 
technological development demand more electric power 
supplies in large numbers. All sectors of industries, 
transportation, offices, households and others need more 
reliable electric energy in the future. Meanwhile, the 
availability of fossil energy supplies is nowadays limited [1] 
and the price offered each year also rises. Therefore, 
renewable energies are considered as the best alternative 
energy sources. Solar cells convert solar radiation emission, 
as one of unlimited energy sources, into electrical energy. 
This energy source is one of the promising renewable 
energies in the future. 

Fig. 1 shows a solar-based power generation system. The 
solar-based power generation system uses an inverter 
(voltage source converter) to be able to supply electrical 
power to the load. The inverter output voltage form can be 
guided using a pulse width modulation (PWM) signal or a 
sinusoidal pulse width modulation (SPWM) signal. The 
problem of VSC control using the PWM or SPWM is the 
total harmonics distortion (THD). To overcome this problem, 
a power passive filter (PPF) is then used. PPF is one part of a 
grid-connected voltage converter source that has been used 
as the backbone of most renewable energy systems over the 
past decade [2].  

Therefore, we propose a new solution to design PPF that 
can improve power efficiency and THD. Passive filter design 
is a fairly complicated task [3], even if the circuit is simpler. 

PPF is also able to keep the integration and connection 
between the grid and inverter without transformer.  

Fig. 1. Diagram of a hybrid grid and solar-based power generation system 
with DC power source coupling. 

In passive filter design, it is necessary to consider the 
design procedure of power converter to be used. There are 
several PPF topologies that are often proposed in literature, 
i.e. Single-Tuned LLC and LLCL [3, 4]. Single-Tuned LCL
and LLCL filters as simple filters have very small
fundamental frequency losses. Both filters will be compared
with our proposed H-bridge damper filter. The proposed
filter can reduce harmonics and improve the power quality
and efficiency. The power efficiency delivered by the PPF
has decreased. A number of studies have introduced some
new inventions, but almost all paper do not expose the PPF
by considering the load contribution to the PPF
performances. The PPF concepts can reduce harmonic
interference under the IEEE standard [5] but a new problem
appears, in terms of resonance to the fundamental frequency
response, which results in decreased power efficiency.
Naturally, the load is sure a part of filter and thus it can affect
the power quality and efficiency.

Our proposed filter is called H-bridge damper filter. The 
performance of the proposed H-bridge damper filter is 
compared to other popular filters. The performance analysis 
involves the existence of loads as part of filters. The load 
types that are connected to filter output are R, R+L, R+C, 
and R+L+C. The criteria used to analyze are resonance 
damping figures in form of a frequency response diagram, 
THD, output voltage amplitudes, power efficiency, and 
output power. 

The remaining sections in this paper are organized as 
follows. Section II discusses the design of system models. 
Section III shows the simulation results. Section IV presents 
the comparative study presented in quantitative values in 
some tables. Finally, the work is concluded in Section V. 
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II. SYSTEM DESIGN AND MODELING 

A. Three-Phase Inverter Model 

The inverter and filter are designed, modeled and 
simulated using SPICE Program [6]. Signal generators and 
analysis components are also modeled in the SPICE 
program. In this design, we will present five passive damping 
methods showing their frequency response, THD, output 
power, Voltage amplitude, and power efficiency as the basis 
for filter analysis [7]. The circuit schematic with full bridge 
configuration of the three-phase inverter is shown in Fig. 2.  

 

Fig. 2. Inverter system models. 

 

M1, M2, M3, M4, M5, and M6 as respective switching 
devices MOSFET. Diodes D1, D2, D3, D4, D5, and D6 are 
protection elements for the MOSFET, respectively. The 3-
phase inverter generates filtered output voltages VR, VS, 
VT. The PPF output current are IR, IS, IT. E1, E2, E3, E4, E5, 
and E6 are power-driven PWM switching control signals.  

 Modulated signals are applied to the gate terminals of the 
MOSFET with a certain period to maintain the desired 
frequency of 50~Hz [8]. 

B. Selected Load Types for Analysis 

Fig. 3 presents 4 types of load configurations, namely 
resistance load, resistance+capacitance (RC) load, resistance 
+inductive (RL) load, and resistance+inductance 
+capacitance (RLC) load. Certainly, there are many 
unlimited load configurations. However, we select only four 
types, which are commonly used in practical applications. 

 

 

Fig. 3. Installed load model (a). R, (b). RL, (c). RC, and (d). RLC 
(parameters R=220ohm, L=10mH, and $C=3.3uF) 

 

C. Selected Filter Topology for Comparative Study  

There are several filter models used in various 
applications with different harmonic traps, size, design cost 
and characteristics. The choice of passive filter topology 
used for filter resonance conditions is based on a separate 
passive shunt filter dampers for many security systems are 
applied [9]. In this paper, we will analyze the PPF outputs 
when its output terminal is connected to any type of filters. 
Fig. 4. shows the selected filter topology, which are briefly 
explained as follows. 
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Fig. 4. The proposed filter schematics (a) single-tuned LCL, (b) single-tuned 
LLCL, (c) LCL 2-leg, (d) LCL 3-leg (e) LCL H-bridge damper. 

 

1) LCL single-tuned filter or LCL filter + (series) 
damper resistance. 

This passive filter is very simple, the resistors are 
mounted in series along with the capacitors in the 
design. The series resistor along with the capacitor 
serves as a channel with a slightly big impedance 
and is effective in harmonic reduction, but has 
fundamental frequency losses. 

2) LLCL single-tuned filter or LLCL + (series) damper 
resistance. 

It offers simple series harmonics attenuation 
capabilities at frequencies having peak resonance or 
fundamental losses. The resistor should be carefully 
selected to resume the harmonics reductions and 
good voltage amplitude. 

3) LCL filter with 2 LC legs or multi-tuned trap filter 
[11] 

The filter serves to reduce current loss. Therefore, 
two equal combinations (LC-LC legs) without 
resistors is presented. Although this filter has no 
impedance resistors, it can produce good 
performance on harmonic reduction. But it has a 
frequency-loss which is difficult to mediate. It also 
has a high resonance, but when resonance is 
encumbered it can be overcome. 
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4) LCL 3-leg filter or LCL multi-tuned trap filter with 
extra damper in series with C-leg. [11].  

As completion of 2-leg LCL filter, a combination of 
series resistor-capacitor is added between the two 
previous traps. Hence, it has a pretty good 
performance rather than the LCL single-tuned, 
LLCL single-tuned filter and LCL 2-leg filter. 

5) LCL Filter + H-bridge damper as the completion of 
the 2-leg's LCL filter, a resistor is inserted to make 
a bridge between two LC legs. This is our proposed 
filter that willbe examined together with the 
aforementioned filters in the next section. 

III. SIMULATION RESULTS 

This section presents some simulation results, i.e. 
frequency response and time domain transient simulations. 
The parameters used in the simulations are shown in Table. I. 
The first simulation result presented in this section is the 
effectiveness of the inverter using the PWM or SPWM 
switching control signals. 

Table. I. Parameters of the simulation 

Input Voltage 275V 

Output Voltage 220V-380V 

Frequency 50Hz 

Output Power 3kW s/d 7kW 
Var./ 

Param. 
LCL+R LLCL+R LCL 2-leg’s LCL 3-leg’s LCL bridge 

Lin              10 mH 10 mH 10 mH 10 mH 10 mH 
Lg              4.7 mH         4.7 mH              4.7 mH                4.7 mH              4.7 mH 

Lf1                   - 1 mH 3 mH                   3 mH                 3 mH 

Lf2                   - 3 mH 3 mH                   3 mH              0.11 uF 

Cf1              470 uF          4.7 uF           0.11 uF                0.11 uF              0.11 uF 

Cf2                   -                    -              0.11 uF                0.11 uF               0.11 uF 

R                8 Ohm         80 Ohm                 -                  31 Ohm                20 Ohm 

 

A. Selected Switching Control Signal for Analysis 

Two switching control signals, i.e. PWM or SPWM can 
be applied. This section analyzes the THD and output 
voltage amplitude when using one of both switching signals. 
Fig. 5 shows the time domain output voltage simulation 
results using both switching signals. It seems that they 
produce different phase-phase and phase-neutral phase 
amplitudes. Table. II shows the results of the comparison 
between the two switching control signals. It seems that in 
the inverter with PWM control signal gives better phase-to-
phase and phase-to-neutral characteristics, in terms of THD 
values and output voltage amplifications. Further simulation 
and analysis presented in this paper use inverter model with 
the PWM signal. The inverter with SPWM is not discussed 
accordingly in this paper. 

B. Frequency Response Characteristics of the Filters  

Fig. 6 presents the frequency response curves of the 

compared filters. It seems that all of them are categorized 

into low-pass filter type. The LCL 2-leg filter gives the 

worst damping characteristic. While, the LLCL 3-leg and 
LLCL H-bridge damper present the best damping 

characteristics.  
 

 

a). PWM switching control method 

 

b). SPWM switching control method 

Fig. 5. Transient simulation of the PWM and SPWM switching control 
methods. 

 

Table. II. Simulation results from each PWM and SPWM 
control without passive filter. 

  PWM SPWM 

Line      Vout       THD        Vout          THD 

R-T        387        30.5          296            63.1 
S-R        387        30.5          295            63.1 
T-S         387        30.5          295            63.3 
R-N        221        30.5          171            95.3 
S-N        221        30.5          170            95.2 
T-N        221        30.5          170            95.2 

 

C. Time Domain Output Voltage Simulation  

Fig. 7 shows the output waveform of the output voltages 
for each filter. The average time spot of stable amplitudes is 
at 0.03~ms and 0.04~ms.  Each filter provides a variable 
amplitudes, and all filters have different output amplitudes. 
To measure the amplitude of the sine voltage, it is necessary 
to consider the impedance value at the inverter and filter 
output terminal. 

D. Time Domain Output Power Simulation 

Fig. 8 shows the simulation results for the output power of 

the compared five filters. As shown in the figure, it seems 

that the the LCL 2-leg and LCL H-bridge damper filter 

provide almost equal average power performance. The 

LLCL filter+damper resistor gives the worst average output 

power values. 
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(a). LCL+damper 

 

(b). LLCL+damper 

 

(c). LCL 2-leg 

 

(d). LCL 3-leg 

 

(e). LCL H-bridge damper 

Fig. 6. The frequency response curves of the filters. 

 

 

(a). LLCL+damper 

 

(b). LLCL+damper 

 

(c). LCL 2-leg 

 

(d). LCL 3-leg 

 

(e). LCL H-bridge damper 

Fig. 7. Output voltage waveform. 
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E. Time Domain Output Power Simulation 

Fig. 9 shows the simulation results for the output power 
of the compared five filters. As shown in the figure, it seems 
that the the LCL 2-leg and LCL H-bridge damper filter 
provide almost equal average power performance. The LLCL 
filter+damper resistor gives the worst average output power 
values. 

IV. THE THD AND POWER EFFICIENCY ANALYSIS 

A. Measurement and Comparative Statistics 

This section presents the quantitative data of the 
simulation results presented in the previous section. The 
supplied voltage is 380v and 220V on average. Table. III 
presents the quantitative data  of the simulation without load. 
It seems that the LCL H-bridge damper filter provides the 
best THD attenuation performance for the output voltage. 
The LCL 2-leg filter gives the THD reduction for the output 
current. Power efficiency of the LCL H-bridge damper filter 
is also better than the other filters. 

Table. III. The simulation data without load. 

Filter 
THD 

(V) 

THD 

(A) 

Ouput 

Power (kW) 
(Vout) 

Effic. 

(P) 
LCL+Rd 1.18% 1.18% 9.6 221-380 50% 

LLCL+Rd 3,47% 3,47% 4,7 225-390 11% 

LCL 2-leg 0,51% 0,51% 1,4 222-389 78% 

LCL 3-leg 0,53% 0,53% 1,3 222-387 66% 

LCL Bridge 0,33% 1,98% 7,1 223-384 95% 

 

In the previous table, the filter is not connected to any 
load. Load is naturally a part of the filter itself, and can affect 
the inverter output performances. Table. IV presents the 
comparative data when each filter is connected to a 
resistance load. We can see that the filter LCL H-bridge 
damper gives the best THD attenuation, followed by the LCL 
2-leg, LCL 3-leg, LCL+damper resistor (Rd) and the 
LLCL+damper resistor. The best performance in term of 
power efficiency is presented again by the LCL H-bridge 
damper. The result is principally almost similar to the 
previous simulation result without load. 

Table. IV. The simulation result data with load R. 

Filter 
THD 
(V) 

THD 
(A) 

Ouput 
Power (kW) 

(Vout) 
Effic. 

(P) 
LCL+Rd 1.18% 1.18% 9.6 217-380 61% 

LLCL+Rd 3,40% 3,40% 5,1 225-389 11% 

LCL 2-leg 0,50% 0,50% 1,4 219-381 66% 

LCL 3-leg 0,53% 0,53% 1,2 217-380 78% 

LCL Bridge 0,39% 1,98% 6,9 214-369 95% 

 

Table. IV shows the comparison result when each filter is 
connected to the R+L load. The performance data present 
almost similar result with the previous table. 

Table. V. The simulation result data with load RL. 

Filter 
THD 
(V) 

THD 
(A) 

Ouput 
Power (kW) 

(Vout) 
Effic. 

(P) 
LCL+Rd 1.18% 1.18% 9.6 217-380 61% 

LLCL+Rd 3,40% 3,40% 5,1 225-389 11% 

LCL 2-leg 0,50% 0,50% 1,4 219-381 78% 

LCL 3-leg 0,53% 0,53% 1,1 217-380 66% 

LCL Bridge 0,39% 1,98% 6,8 214-368 95% 

 

(a). LCL+damper 

 

(b). LLCL+damper 

 

(c). LCL 2-leg 

 

(d). LCL 3-leg 

 

(e). LCL H-bridge damper 

Fig. 8. Time domain output power simulations. 
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Table. V shows the comparison result when each filter is 
connected to the R+C load.  

 

Table. VI. The simulation result data with load RC 

Filter 
THD 

(V) 

THD 

(A) 

Ouput 

Power (kW) 
(Vout) 

Effic. 

(P) 
LCL+Rd 1.18% 1,18% 9.6 221-380 50% 

LLCL+Rd 3,40% 3,40% 5,1 225-392 11% 

LCL 2-leg 0,50% 0,50% 1,4 223-389 78% 

LCL 3-leg 0,53% 0,53% 1,3 222-387 66% 

LCL Bridge 0,39% 1,98% 7,1 222-382 95% 

 

Table. VII shows the comparison result when each filter 
is connected to the R+L+C load. The performance data 
present almost similar result with the previous table. 

 

Table. VII. The simulation result data with load RLC 

Filter 
THD 

(V) 

THD 

(A) 

Ouput 

Power (kW) 
(Vout) 

Effic. 

(P) 
LCL+Rd 1.18% 1,18% 9.7 221-387 49% 

LLCL+Rd 3,49% 3,60% 7,9 225-392 11% 

LCL 2-leg 0,50% 0,50% 1,4 223-389 78% 

LCL 3-leg 0,53% 0,53% 1,3 222-387 66% 

LCL Bridge 0,39% 1,98% 7,1 222-382 95% 

 

V. CONCLUSIONS 

This paper has presented a novel low power dissipation 
power filter for three-phase DC-AC inverters used in PV-
based home scale or micro-grid scale power system 
generation. The novel passive filter is called as the LCL plus 
H-bridge-damper filter The damping resistor is located in the 
filter to bridge two L-C legs in the filter,and is used to damp 
the resonance effect of the filter. 

From the comparative study with SPICE simulation, the 
LCL H-bridge damper filter outperforms the other existing 
LCL and LLCL type filters. The THD reduction of the 
output voltage of the LCL H-bridge damper is also better 
than the other filters, i.e. about 0.39% for the certain selected 
load parameter values. The load configuration does not affect 
significantly the THD attention, both for output voltage and 
the output current. However, THD reduction of its output 
current is not better than the LCL 2-leg and LCL 3-leg 
filters. Principally, all filters can give acceptable THD 
attenuation according to IEEE standard, i.e. below 5%. 

 The most interesting performance figure of the LCL H-
bridge damper filter is its power efficiency, which is about 
95% with output power about 6.8kW until 7.1kW for the 
certain selected load parameter values. Therefore, based on 
the simulation results, the passive filter with LCL plus H-
bridge damper element becomes a promising passive power 
filter for PV-based power inverter circuit. In the future, we 
will realized the filter hardware, test the system circuits, and 
compare the testing results with the simulation results. 
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