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 Background: In this article, we have presented an applicational method for decrease of 
CM and DM. With due attention to nature of transformer switching of electronic power, 

the CM filter to the network is one of the basic needs. Objective:  We have almost 

concentrated on the filter of DM in the discussions of inverters Connected to the 
sources of DG, and we ignored the section of CM. In this case, the CM filter is 

constitutional part of filter which in this article. Results: Both of filters have carried out 

on the model. Conclusion: The used model has been carried out with the regard of 
optimized output filter and proposed method for decrease of CM and DM with 

simulated Matlab software and the conclusions are presented. 
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INTRODUCTION 

 

 Today, we have faced with increasing progress in electronic industry, and basic developments in that. Some 

section of this inevitable change which is done in the power production sections are the DG sources. The DGs 

are the source of electric energy which we can connect them on the distributional network. Concentration to the 

natural surroundings, release of capacity of system, decrease of wasting the power transmission, decrease of 

flow in basic filter, remove the need to development of system, optimizing the capability of trust and output, 

optimization of voltage profile and coefficient of load network, decrease of abnormal voltage with direct 

injection of power to the loads, use of harmonized production of power and warmth systems and increase of 

output and cost of installation and starting is the advantages of the DG sources [1,4].  

 Almost of these sources, such as photovoltaic source, fuel battery, micro turbine, … need to the inverter for 

connecting to the network. The electronic transformator show a lot of flexibility power with the regard of 

voltage wave shape or output current. 

 This flexibility is from the case of high frequency which can be concluded from the use of a modulation 

technique from the output voltage or basic current. If one inverter connect to the network directly, the 

discrepancy of moment voltage will causes the flow of very high currents. This current is tolerable in the waves 

of low voltage and can a very little influence on the local consumers. Therefore, an inverter cannot connect to 

the network without output filter. The object of filter is decrease of high frequency in the output current in 

inverter [5,6]. 

  The output voltage of inverter connected to the network basic current, is included of low frequency which 

these subjects transfers without any Damping. The inverters which is connected to the DG source should have 

the suitable conditions for attaining to the voltage and even the ideal current. The output filters which is used for 

the inverters usually can decrease or omit the current of DM and in the most of cases we can ignore the CM 

current. We can use from the different elements and topologies for damping of the CM current from inverter to 

the usable network.  

 We can use one or several topologies for trusting from the remain of the CM current under the determined 

limit from the standard of the network. In this article, we presented a suitable method for decrease of the CM 

current and DM current. With regard to these two filters on the connected inverter to the DG sources, we can 

attain to the decrease f the DM and CM current. 
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The Topology Of The Filter Connect To The Inverter: 

 With due attention to the nature of rsistive-inductive of the network , almost instead of filter LC, we can use 

from the third order filter. The third order filter (LCL) has been very popular in the recent decade. With due 

attention to the excellent damping in the higher frequencies of Resonance, the sensitivity to the resonance 

phenomenon, decreases from the conclusion of the changes in the network[7,8]. With combination of two 

inductor, so that the side of inverter can be selected a little more than the inductor of Lc filter and finally the 

volume, weight and the east of the filter decreases contribute to the output filter, and finally the current power 

toward the network can have the power factor 1. The difficulties such as the condition of increase the contortion 

of algorithms, needs the control of voltage or the output current in inverters. We can use of on output filter 

(LCL) for the better damping and attain to the optimize outcomes.  

 
Fig. 1: The topology of filter (LCL) 3 phase. 

 

 The figure 1 shows the topology of filter 3 phase connect to the inverter which is included the inductors of 

inverter L1, the capacitor of filter c and the inductors of the side of L2 network. The current and voltages of 

different groups have been shown. We should notice that the shape 1 shows an actual filter with the use of an 

ideal element. The inductors all have a parasite resistance which are useful for the damping and stabilization of 

the filter. When we use from the scrupulous model of system, this parasite resistance is usually measured and 

regarded in model equations. 

 The resistance of R1 (for the side of inverter) and R2 (for the side of the network) are parasite resistances. 

The integrals of the basic transformation between the currents and the useful voltages in filter LCL attains from 

the equations of 1 to 6. The equations with parameter of Laplas (s=jω) is stated as a continual element. We 

should notice that these equations are reliable for every phase in a system of 3 phases. In the case of lack of part 

of the voltages and currents, we can reduce them in the equilibrium elements, and the showed equations in 

bellow are rights for both of positive and negative elements. We can analyze the output voltage of inverter to the 

DM and CM voltage, as we showed in the figure 2. 
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 The inverter produces the DM voltages with the different frequencies and the CM voltage and the output 

filter should omit or damping of the CM and DM voltage in output voltages of the inverter. 
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 All of the articles in the case of the inverter connected to the network are concentrated on the DM filter and 

we have ignored from the CM voltage in the discussion of the output filter inverter. We know that the CM filter 

is an important section of the output filter. The element and topologies can be used for damping of the CM 

current from the inverters to the network.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: The analyze of output voltage of inverter to two elements of the CM and DM current Structure. 

 

The Design Of Dm Filter: 

 In design of the output filter (LCL), we should notice to the elements of inductors and capacitor. The 

capacitor connect in the figures of triangle and stars, and they almost determine by the scientific considerations 

which includes needs to the neutral point, the attained voltage of capacitor, the kind of CM filter. We can use the 

features of different filters for determine of the optimize elements of filter for a specific application.  

 

The optimization of filter (LCL): 

 The progress of designing filter can be assumed as a trouble of optimization with the total subject and 

different limitations by the operator. The object integral can be formulized by on object or the combination of 

several subjects. The object integral in design of output filter in suitable for decrease of the might or total 

volume. In the most cases, we can consider the reduction of inductance in filter as a subject integral. (in total, 

the side of the inductor of inverter and the inductor of the network for topology LCL). The inductors are the 

biggest and mightiest elements of filter and they are very expensive. With reduce of inductance, we can attain 

the suitable and cheap output filter, but we should consider the other limitations. When the subject is obtain the 

combination with filter elements with a little cost and satisfying by the standards and the network codes, we 

should use from a more important subject integral and we should calculate the capacitor costs and inductors. 

Doing this work isn’t very easy, because we have different kinds of inductors of filters which everyone has the 

advantages and difficulties[5,6].  

 Of course the other integral objects such as increasing the miration of filter in a particular frequency, 

decrease of  the radioactive power with transfer of filter capacitor, decrease of filter loses,… can be used. The 

object of different designs can be combined with the use of might factor in the case of the object integral. The 

selection of this factor is very difficult and these elements have a deep influents on the conclusion of 

optimization.  

 In the object integral the pointed considerations is determined with regard of related filter. Such as, in the 

optimization the related limitations are excluded. We can imagine a lot of limitations. These limitations almost 

are in the output design for the operations connected to the network, which is including the frequency of filter, 

the climax of current´s ripple, the width of needed band, the decrease of voltage in the network, and warmth in 

the switches of inverters. The frequency in switching is (10KHZ). We can state the difficulties in operation of 

the low switching frequency is the volume, the high weight and the consume of radioactive power in filter[9]. 

 
Table 1: The elements and needs of inverter and the filter connected to the network. 

23 kVA Nominal output power 

10 kHz Switching frequency 

720 V Maximal DC-link voltage 

210 V Grid voltage (RMS) 

1 kHz Control bandwidth 
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 The object of designing is reduce the filter of endoctance. The object integral of optimization can be stated 

such as: The elements of optimization are:     

 

 21min LL                                                     )7( 

 

The measures of inductors and capacitor is settles in the suitable limitation.  

 

mHLH 1001 1            (8)  

 

mHLH 1001 2            
(9)  

 

mFCpF 100100            
(10)  

 

AiCu nominuRMSgrid 83.0025.0 ,. 
        (11) 

 

21 5.2 LL                                                       )12( 

 

Hzff PW Mres 50005.0 
         (13)  

 

Hzff bandwidthres 125025.1 
         (14)  

 

Ai RMSPW Mgrid 1.0,. 
                                       )15( 

 

 This method is suitable for ensuring from the negative measures of unnatural ampedance in algorithm. The 

current of consumed reactive by the capacitor of filter is limited to 2.5% of the output current. The inductor 

inside of the network should be 2.5 par smaller than the side of inverter.  

 The problem of optimization is a linear object and combinational integral from the linear and non linear 

limitations, and also is the borders of up and down of elements (C,L1,L2). This subject can be solved with the 

use of the object integral in optimization tool box. The initial elements and the frequency of switching for 

optimization element have a lot of influence on the final conclusion with software Matlab.  

 

The Design of CM Filter: 

 The inverter of three phase power electronic produces 2 elements of DM and CM voltages. With due 

attention to the nature of switching, the output current of DM voltage should be filtered before of currenting in 

network. The flow of the CM current toward the network have different effects such as increase of losses and 

incorrect operations in the tools of determining the false of the earth. There are different ways for solving the 

problem of CM current. With the use of the filter elements of passing are includes the CM chokes, the 

transformators and capacitor’s feedback between the neutral point of filter and link DC in inverter[10,11].  

 The choke of CM can be used in extensive manner, such as element in filter for damping of the CM current 

from one inverter in the side of machine, network or load. One choke is usually intricate with the use of Toroid 

magnetic core around the conductors of output phase of the inverter, and in this situation the magnetic field of 

CM currents are non zero. The choke of CM is directly in the output part of inverter. The actual choke always 

has scattered inductance, such as the DM currents have a very little influence on the filter. We try to use from 

filters of differential mode in some of designing methods. The magnetic core has a lot of influence on the choke 

features. The ideal transformator do not exist in the CM current, but its capacity is zero in the real 

transformator[12,13]. These parasite capacitor are between the first and second armature winding and they are 

the way of pass the CM current to the second armature winding. One suitable solution and applicational way for 

decrease of the network CM current is the capacitor feedback for establish the way of impedance for low which 

this way can be described with filter (LCL). 

 

The capacitor feedback for decrease of CM current: 

 The element of parallel filter has low impedance for the high frequencies currents. The capacitor should be 

used for this way. The capacitor and the feedback resistance is showed in the figure 3. The feedback consider 

presents the way with a very little than earth for pass of CM current and the most of CM current can pass from 

the way of capacitor[14].  
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Fig. 3: Capacitive feedback network for reducing the common-mode grid current. 

 

 The feedback capacitor connects between the neutral point of filter (LCL) and the negative polar of inverter 

in link DC. The network of capacitor feedback can be regulated from the low impedance for a particular 

frequency. This impedance should be lower than impedance  of the way of the network cable and the earth. 

Therefore, the most of CM current is omitted in the filter and do not enter to the network. If we use of the 

feedback capacitor, the conclusion of it will be the same. We should consider the cables resistances for complete 

the model and we have used from a feedback capacitor is used too. The figure 4 shows the used model in this 

paper for simulation. The elements with the regard of subject integral. 

 

 
 

Fig. 4: System topology for the simulations regarding inverter-generated common-mode grid current. 

 

Simulation: 

 Simulation are consists of 2 parts which executes with the use of the Matlab software. The first part is 

concerned with optimization of the inductors and filter capacitor of (LCL). The latter part is the simulation of 

the presented model with the obtained elements of the output filter (LCL) with the applicational way for 

decrease of CM and DM current.  

 

The conclusions of optimization output filter: 

 As we said, the problem of optimization is an object and linear integral and combinational of linear and non 

linear limitations and also the borders of up and low in elements of (C,L1,L2). This subject can be solved with 

the use of the object integral in optimization tool box of (Matlab). The combination of the filter elements is done 

with the regard of the elemental subject by means of decrease the total inductance. The switching frequency has 

a very influence in total inductance. With the problem solving in 2,10,5,16 frequencies, we can carry out the 

program with the same capacitor and the elements of inductor and optimized capacitor is stated in table 2.  
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Table 2: Optimal combination of LCL filter elements given the problem’s specifications. 

C(μF) L2(mH) L1(mH) Frequence 
11.53296 
11.53296 

11.53296 

11.53296 

17.74992 
1.88310 

0.665787 

0.32896 

44.38385 
4.70775 

1.66443 

0.822411 

F=2 KHZ 
F=5 KHZ 

F=10 KHZ 

F=16 KHZ 

 

 The above table determines the optimal element of 3 parameter of inductor in different switching frequency. 

With the regard of above conclusions, we can understand that with increase of switching frequencies the 

optimization of the inductor decreases and finally the volume, weight and the expense of the inductor is less. 

 

Simulation of the capacitor feedback with the (Matlab) software: 

 The usable model includes both filters of CM and DM which is shown in the figure 4. At first, the 

simulation is done without any kind of CM filter. In this state, the element of voltage harmonic and the network 

current will be analyzed. Then the decrease of the CM current and DM current id presented by inverter and the 

capacitor feedback between the neutral point of filter (LCL) and link DC. The parameters are presented in the 

table 1 for this network. The used model for this system is a simple model with photoletagic source connected to 

the network. The elements of inductor and optimized capacitor is used from the obtained results in table 2 for 

this frequency of (10KHZ). The simulation is done with the use of the software (Matlab).  

 
Table 3: Parameters for the simulated system. 

1.66443 mH 
2.3 Ω  

L1 

R1 

11.53 μF C 
0.66577 mH 

1.5Ω  
L2 
R2 

85.84 mH Lcable 

0.04Ω  Rcable 

5Ω  Rload 

10  KHZ FPWM 
 

 The switches of inverter´s model is assumed by the means of decrease the difficulties of ideal model and the 

control of switching is done with use of modulation (PWM). The simulation is done with the use of the 3 phase 

inverter and the extra filter of (LCL) and the current of CM network and the effect of feedback capacitor is 

stated from the neutral point of link DC. There is a parasite capacitor between the earth and the source. The 

element of this capacitor is 810 pf or 810 nf. The figures of 5 to 8 shows the CM current from different elements 

of feedback capacitor and parasite capacitor. As we stated, the feedback capacitor, presents the way of  CM 

current with a very little impedance from the way of earth and the most of CM current will be passed from the 

capacitor. We should consider the resonance frequency in simulation. The frequency of resonance in the CM 

current depends a lot of parameters (LCL such as filter element, cable parameters, the earth impedance) but CPG 

has a lot of influence on the CM current.  

 In the shapes of 5, 6, this capacitor has the capacity of 810 nf, pf and the feedback capacitor isn’t installed. 

In this shape the CM current is in high level. In the shapes of 1, 8 the feedback capacitor is 1 mf and parasite 

capacitor is 810 nf and is on the model. 

 

 
 

Fig. 5: The common-mode ground current for:    Fig. 6: The common-mode ground current for:  

       CPG= 810 nF no capacitive feedback.              CPG= 810 pF no capacitive feedback. 

 
 We can understand the CM current is considerable on the former shapes and can damage the external 

filter of inverter, the network cable and transformator and probably the uncurrent operation of tools of protecting 

the earth. We can conclude that installation of the feedback capacitor to the link DC can decrease the CM 
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current of the network. Also, this problem solving is relatively cheap, because with the use of the capacitor 

feedback way then CM current decreases. For the better understanding of the influence of feedback capacitor 

and connected to the link DC from one capacitor 20 mf we can use of 1 mf capacitor instead of that, and the 

conclusion of that is decrease of this current which has showed in 9 figure. These conclusions state the 

optimized influence of extria filter and capacitor feedback. 

 
 

Fig. 7: The common-mode ground current for:                Fig. 8: The common-mode ground current for:  

             CPG= 810 nF and Creturn = 1      CPG= 810 Pf and Creturn = 1 mF. 

 

 
 

Fig. 9: The common-mode ground current for: CPG= 810 pF and Creturn = 20mf. 

 

 The harmonic of the load current without filter and feedback capacitor and parasite capacitor is equal to 

2.23% in the figure 12. With this model and installation of filter and feedback capacitor, this harmonic of load 

current in the figure 13, decreases to the extent of 0.75%. From the voltage base and output current, we can 

obtain the decrease of the DM current. This problem is in the waves in figures 10 and 11 is considered the curve 

of load current in the feedback capacitor with waves and high harmonic, this harmonic is considerably 

decreased. The curves of voltages of before and after of application the filter and feedback capacitor is shown in 

the figures of 14,15. The waves of switching of inverter on the network voltage, can be considered on the figure 

14, which after the application of output filter, the base of this voltage is produced to the load optimized level. 

Also the high voltage harmonic, without filters and capacitor is 2.21% which decrease with the application of 

model to 0.61%. The figures of 16 and 17 shows the voltage harmonic with the use of feedback capacitor. 

          
 

Fig. 10: The output Current and  no capacitive                     Fig. 11: The output Current and  with capacitive 

        feedback  and with filter.              feedback and no filter. 
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Fig. 12: The harmonic output Current and no        Fig. 13: The harmonic output Current and with 

  capacitive feedback and no filter.         capacitive feedback and with filter. 

 
  

Fig. 14: The output Voltage and  no capacitive                 Fig. 15: The output Voltage and  with capacitive  

  feedback and no filter.           feedback and with filter. 

 

   
 

Fig. 16: The harmonic output Voltage and  no                  Fig. 17: The harmonic output Voltag and with 

   capacitive feedback and no filter.         capacitive feedback and with filter. 

 

Conclusion: 

 In this article, the CM and DM filter of inverter is presented for connecting to the DG source on a simple 

model. The output voltage of inverter includes of CM and DM elements which results to flow of the CM and 

DM current from the side of inverter to the network. The output filter of (LCL) is determined with the use of 

optimization of objective integral in different frequencies. This model obtained out with the use of simulink 

(Matlab). The obtained results shows the installation of filter and feedback capacitor and high application of this 

method for decrease of CM and DM for decrease of network current. In this model, the harmonic and CM 

current decreases considerably and these two ways are filtered with the use of this method.        
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