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Abstract 

In the power systems the dc component can affect the operating point of the transformers. The transformer cores are 

determined into unidirectional saturation with consequent larger excitation current. The transformer reduces the inrush 

currents and maintains required voltages but for low frequency (50 or 60 HZ) transformer is bulky, heavy, and expensive 

so its power loss brings down the overall system efficiency. Then the PV array is connected to the grid via a two level 

inverter three phase voltage source and an LCL filter is replaced instead of the transformer. The edge for dc module in the 

grid side ac currents is below 0.5% of the rated current. The dc component can cause dc-link voltage ripple, linefrequency 

power ripple and further second order harmonic in an ac current. The dc component injected to the grid can disturb the 

normal operation of the loads connected to the grid and causes torque ripple, extra loss in ac motors. To reduce the dc 

component in three phase ac currents the real solution is shown in this paper is to mimic the blocking capacitors used for 

the dc component reduction is called as virtual capacitor. The “virtual capacitor” is attained by adding an integral of the dc 

module in the current response path. The accurate extraction of the dc component can achieve the control, harmonic 

conditions and approved effective even under grid frequency variation. A proportional integral resonant controller is 

additional designed to regulate the dc and line frequency module in the current loop to deliver accurate control of the dc 

current. Here fuzzy logic is used for controlling compared to other controllers. The Simpered Systems tool has 

demonstrated that the joint system will at the same time inject maximum power from a PV unit and compensate the 

harmonic current drained by nonlinear loads. 

Keywords: Controller, dc component, proportional integral resonant (PIR), transformer less three-phase PV inverters, 
virtual capacitor. 
1. Introduction  

Grid associated photovoltaic (PV) systems often include a line transformer between the grid and power converter. The 

transformer promises galvanic isolation between the grid and the PV systems. Further, it ensures that no direct current (dc) 

is injected to the grid. However, the low frequency (50 or 60 Hz) transformers large, heavy and expensive its power loss 

brings down the overall system efficiency. The dc component can have negative impacts on the power system in the 

following ways: 

1) In the power system the dc component can affect the operating point of the transformers. With consequent larger 

excitation current the transformer cores are driven into unidirectional saturation. The service lifetime of the transformer is 

reduced as a result with additional increased hysteresis, eddy current losses and noise. 

2) The dc component can circulate between inverter phase legs and inverters in a paralleled arrangement.The dc 

component circulation affect the loss distribution and even current among paralleled inverters. 

3) The corrosion of grounding wire in substations is intensified 

http://www.ijergs.in.org/
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Figure 1 : Transformer less three phase PV inverter system. 

In the proposed control plan, an exact dc component quantity and extraction is critical. Here several devices can be used to 

amount the dc module, e.g., by shunt resistors, voltage transformers, mutual coupled inductors, and integral methods, etc. 

Among them, only the integral methods do not need additional hardware. So a new integral method based on the sliding 

window double time and iteration algorithm integral is presented. This technique is active in the extraction of the dc 

module even for currents with frequency fluctuations and harmonics 

2. Impact Of The DC Components On PV Systems 

A typical three phase transformer less PV inverter system is shown in above figure. The PV array is connected to the grid 

via three phase voltage source two level inverter and an LCL filter. The capacitors of the LCL filter are configured with a 

delta or star connection. In this paper, to reduce the required capacitor and cost a delta connection is used as opposed to 

the star connection, which has the benefit of smaller short-circuit current. The dual closed loop control strategy comprises 

a current and a dc-link voltage loop in the synchronous rotational frame, is a common control strategy in three phase PV 

inverters 

(1) 

Where the subscript 0 denotes the dc component and the subscript 1 denotes the line-frequency 

Component. If there are dc components in the abc coordinate, they will also exist in the form of dc or line frequency 

components in  and dq coordinates, respectively. In a three-phase three-wire system, there is no current flowing 

through the neutral point and hence the line frequency is 

 

                                                               (2) 

With (1) and (2), the coordinate transformations of the dc components from abc coordinate to and dq coordinate can be 

expressed as 
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                                                                                (3) 

                                    (4) 

Where is the angle between the dq coordinate and abc coordinate for example, the grid angle in a grid voltage oriented 

vector control. Sin (3) and (4) the coordinate transformation, Fa0, Fb0and Fc0 (dc components) in the stationary abc frame 

can be transformed into F 0 and F0 in the stationary  frame          

 
Figure 2: Coordinate transformation of dc components. 

                          (5) 
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Figure 3: Circuit diagram of a single-phase grid-connected PV inverter with the blocking capacitor 

 
Figure 4: Current control loop diagram, 

 
Figure 5: Equivalent transformation of the current control loop with virtual capacitor concept. 

(6) 
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                                  (7) 

As shown, both the active and reactive power contains a line frequency, a constant dc power and a second order power 

fluctuation due to the dc component in the current and voltage undesired. Further, with grid voltage orientated vector 

control under unity power factor operation for PV applications, where uq0 =0, iq0 = 0, (5) and (6) can be simplified as (7) 

f assuming the second order fluctuations is negligible compared to the other two components. 

3. Existing System 

There are many problems related to Transformer less structures, like dc element within the electrical converter output 

(grid) current, ground run current (due to common-mode voltage and parasitic capacitance), and also the voltage-level 

mate between the electrical device (inverter) and grid. Among them, the dc element will have an effect on the normal 

system operation and cause safety issues. Standards have so been established in several countries to limit the extent of the 

dc element 

4. Disadvantage of Existing System 
 
The dc component can have negative impacts on the power system in the following ways [9], [11]: 

1) The dc component can affect the operating point of the transformers in the power system. The transformer cores are 

driven into unidirectional saturation with consequent larger excitation current. The service lifetime of the trans-former is 

reduced as a result with further increased hysteresis and eddy current losses and noise. 

 

2) The dc component can circulate between inverter phase legs as well as among inverters in a paralleled configuration. 

The dc component circulation affects the even current and loss distribution among paralleled inverters.  

 

3) The dc component injected to the grid can affect the nor-mal operation of the loads connected to the grid, for example, 

causing torque ripple and extra loss in ac motors.  

 

4) The corrosion of grounding wire in substations is intensified due to the dc component. 

5. Minimization Of Dc Component In Three-Phase Grid-Connected PV Systems 

To block the dc component put a capacitor C in series with the ac side of the inverter However, in order to reduce the 

capacitive reactance at other frequencies, the value of the capacitor must be large; it increases the size and cost of the 

system. This series capacitor may also disturb the system dynamic response and reduce transmission efficiency. However, 
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the physical capacitor is replaced by software based method and advanced control strategy mimics the operation of the 

series capacitor in a single phase PV system 

 
Figure 6: Virtual capacitor implementation for a three-phase PV inverter: (a) current control loop in stationary a-

b-c frame,(b) dc component control loop in stationary a-b-c frame, (c) equivalent transformation of the dc 

component control loop with virtual capacitor, (d) dc component control loop based on an integral (I) controller, 

and (e) dc component control loop in a mixed frame (d-q and a-b-c). 

Where vo and io are the inverter output voltage and current, eg is the gird voltage; Vo(s), Io(s) and Eg(s) are the Laplace 

transforms of vo, ioand eg in the frequency domain, L is the filter inductance; R is the line equivalent resistance and C is 

the blocking capacitor. Substituting the operators in (10) with j, I0 (j) equals zero when = 0(dc). This indicates that 

the blocking capacitor can minimize the dc component effectively. 

6. Proposed System 
 
A. Capacitor Concept Of Single-Phase grid-Connected PV Inverters Virtual  
One way to block the dc component is to put a capacitor C in series with the ac side of the inverter. However, in order to 

reduce the capacitive reactance at other frequencies, the capacitor value needs to be large, which increases the size and 

cost of the system. This series capacitor may also affect the system dynamic response and reduce transmission efficiency. 

Nevertheless, the physical capacitor can be re-placed by software-based method and advanced control strategy which 

mimics the operation of the series capacitor in a single-phase PV system 

 
Figure 7: Equivalent transformation of the current control loop with virtual capacitor concept 

DC Component Extraction by Using integral Method 

In the control strategy an accurate dc component measurement and extraction is the key to implement the virtual capacitor 

concept and achieve the overall dc component minimization. Compared with the ac component, the dc component is very 
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small and an accurate dc component extraction is challenging. In PV inverters, the Hall-effect current sensors are widely 

used to measure the ac-side currents (including both ac and dc components) due to their smaller size, isolated output, and 

wide bandwidth (e.g., from dc to several hundred kilohertz). In this paper, an integral method based on the sliding window 

iteration algorithm is used to accurately extract the dc component from the ac-side currents. 

 
On the sliding window iteration algorithm is used to accurately extract the dc component from the ac-side currents. Taking 

the ac-side Phase A current ia , for example, ia can be expressed as in (1) if considering both the component and other ac 

components of different frequencies (e.g., harmonics) 

ia = ia0 + Σ Ih sin (2πhf1 t + ϕh) ---- (1) 
h = 1, 2, 3••• 

 

where ia0 is the dc component, f1 is the line frequency. Ih , hf1, and ϕh are the amplitude, frequency, and phase angle of 

the fundamental and harmonic components. Averaging the integration of (1) in the interval from t0 to t0 + T yields 

(8) 

When T = T1 = 1/f1 , the second term in the right side of (2) becomes 

                     (9) 

Hence, with (2) and (3), the dc component ia0 can be obtained by, The next step is to implement the expression in (4) to 

obtain the dc component ia0 accurately without significant calculation burden. If assuming the number of sampling times 

in a fundamental period (T1) is N, dt in (4) can be substituted by the sampling interval t and t = T 1/N. If τ is defined as 

t/N, then Ia (kτ) is the kth sampling value. Substituting the definite integration in (4) by the accumulation of the integrand, 

the discrete expression of ia0 is given by 
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             (10 

To achieve a real-time dc component extraction, (5) should accumulate the sampling values for N–1 times in one 

fundamental period. The amount of calculation is therefore significant given a high sampling frequency. To decrease the 

amount of calculation 

(10) 

where Ncur is the sliding pointer which represents the current sampling point. After completing the summation of one 

fundamental period for initialization 

PIR Controller Design 
As mentioned, when taking the dc component in the ac-side currents into account, the current loop in the dq frame is com-

posed of both a dc component and a line-frequency component (negative sequence). The dc component in the rotational 

frame comes from the line-frequency ac components in the phase cur-rents. The line-frequency component in the 

rotational frame comes from the dc component in the phase currents. 

 
Figure 8: d-axis current control loop based on the PIR controller 

 
To provide an effective control for both dc and line-frequency signals in the dq frame, a proportional-integral-resonant 

(PIR) controller is used. Taking the d-axis current control loop, for example, considering the sampling delay and the PWM 

delay, the current control loop based on the PIR controller where Ts is the sampling period, Kp is the proportional gain, Ki 

is the integral gain, and Kr is the resonant gain. ω1 is thereso-nant (center) frequency of the R controller, which is the 

same as the line frequency in this case. ωc is the cutoff frequency of the R controller to reduce the sensitivity against the 

slight frequency variations. the PI controller is used to regulate the dc component transformed from the fundamental 

currents. The Controller is used to regulate and minimize the line-frequency component transformed from the dc 

component. The parameters of the PI controller should be set to guarantee a good dynamic and steady-state performance 

of the current loop. The parameters of the R controller are set for the dc component minimization. An infinite gain at the 

resonant frequency of the R controller can eliminate the steady-state error. In the improved R 
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controller with 2ωc added to the denominator as shown in Fig. 3, the gain at the resonant frequency is limited yet with 

improved performance under line-frequency fluctuation. Nevertheless, the gain can be adjusted by Kr. Regarding ωc, 

smaller ωc provides better frequency selectivity but difficult for digital implementation. Larger ωc leads to a wider 

bandwidth around the resonant frequency and a better robustness for the frequency deviation. However, the gain at the 

resonant frequency will be lower with a subsequent larger steady-state error. 

7. Simulation Results 

 
Figure 9:  Simulation Diagram Change the Total Circuit  

 
Figure 10 : Grid current waveforms with DC component 

 
Figure 11 : Minimized dc component of Grid  current waveforms by single integral    
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Figure 12 : Minimized dc component of Grid current waveforms by double integral. 

 

 
Figure 13: THD = 9.06% 

 
Figure 14: Minimized dc component of Grid current waveforms by single integral with fuzzy controller 

 
 

Figure 15: Minimized dc component of Grid current waveforms by double integral with fuzzy controller 
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Figure 16: THD = 7.00% 

 
8. Conclusion 

This project has presented an effective method to minimize the dc component in a three-phase Transformer less grid 

connected PV system. The dc component can introduce line-frequency power ripple in the system and further cause 

dclinkvoltage ripple and second-order harmonics in the ac currents. A “virtual capacitor” approach has been implemented 

to minimize the dc component via a feed-forward of the dc component. The dc component can be accurately obtained 

using the sliding window iteration and double time integral even under frequency variation and harmonic conditions. 

APIR controller has been designed to enable the precise regulation of both the dc and line-frequency components in the d-

q frame. The proposed method can be well adopted in the existing PV systems for dc component minimization using the 

sliding window iteration and double time integral even under frequency variation and harmonic conditions for dc-

component extraction and Minimization of dc-component feed forward term as well as the resonant controller in the 

current control loops. 
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