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ABSTRACT: The dc component can cause line-frequency power ripple, dc-link voltage ripple, and a further Second-
order  harmonic  in  the  ac  current. This paper has proposed an effective solution to minimize the dc component in 
three-phase ac currents and developed a software-based approach to mimic the blocking capacitors used for the dc 
component minimization, the so-called virtual capacitor. The “virtual capacitor” is achieved by adding an integral of 
the dc component in the current feedback path. A method for accurate extraction of the dc component based on double 
time integral, as a key to achieve the control, has been devised and approved effective even under grid frequency 
variation and harmonic conditions. A proportional-integral-resonant controller is further designed to regulate the dc and 
line-frequency component in the current loop to provide precise control of the dc current. 
 

I. LITERATURE REVIEW AND RELATED WORKS 
 
The elimination of the output transformer from grid- connected photovoltaic (PV) systems not only reduces the cost, 
size, and weight of the conversion stage but also increases the system overall efficiency. However, if the transformer is 
removed, the 
galvanic isolation between the PV generator and the grid is lost. This may cause safety hazards in the event of ground 
faults. Various inverter topologies are presented, compared, and evaluated against demands, lifetime, component 
ratings, and cost. Finally, some of the topologies are pointed out as the best candidates for either single PV module or 
multiple PV module applications[1]. The accuracy of the DC current sensor then becomes important to achieving this. 
A scheme is proposed in which DC link current sensing and current control are used to minimize the output DC current 
component. Current controllers are affected by errors associated with nonlinearity and offset in the current sensors[4]. 
Transformers operating under saturation conditions present increased power losses, overheating and distorted current 
waveforms. Since a DC current component causes a small DC voltage component drop across the parasitic resistance of 
the distribution grid conductors, canceling the DC voltage component at the Point of Common Coupling (PCC) implies 
the compensation of the DC current injection by electric loads or grid connected converters connected at the same 
PCC[5]. The main goal is to ensure a reduction of the switching frequency ripple at a reasonable cost and, at the same 
time. The experimental results demonstrate the effectiveness of the design procedure both of the LCL-filter and of the 
controllers. The performance of the overall system is good both in the low and high frequency ranges[3]. 
 

II. EXISTING SYSTEM 
 
There are many problems related to Transformerless 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 
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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. 

 
III. PROPOSED SYSTEM 

 
A.  VIRTUAL CAPACITOR CONCEPT OF SINGLE-PHASEGRID-CONNECTED PV INVERTERS 
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 
  

 
 

Fig.1:  Equivalent transformation of the current control loop with virtual capacitor concept 
 

B. DC COMPONENT MINIMIZATION IN THREE-PHASE PV INVERTERS WITH DC-COMPONENT FEED-
FORWARD AND PIR CONTROLLERS 
Based on the above analysis, this section investigates how to implement the “virtual capacitor” concept for three-phase 
systems in the stationary frame and to be further integrated to the standard PV inverter current control loop in the dq 
frame with a PIR controller.  
The standard three-phase inverter current loop normally adopts a proportional-integral (PI) controller in the dq frame to 
regulate the d-axis and q-axis currents. The PI controller in dq frame is equivalent to a proportional-resonant (PR) 
controller in the stationary abc frame, given the resonant frequency of the R controller is selected as the line frequency 
(rotational frequency). Therefore, the current  
control loop of three-phase inverters with blocking capacitors in stationary abc frame, where the variables with the 
subscript abc denote the vectors of the three-phase voltages and currents. The gain of the pulse width modulator (KPW 
M ) is assumed to be unity to simplify the derivation. The PR controller is effectively a proportional (P) controller if 
only the dc component is taken into account, and the diagram for the dc  
component, where the variables with the subscript abc0 denote the vectors of the three-phase dc components. If the 
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capacitor voltage feedback terminal (1/Cs) is moved to the feedback path, where KP is the proportional gain, the 
physical blocking ca- 
pacitor C can then be replaced with an integral and a feed-forward term (algorithm). Thus, the virtual capacitors are 
achieved in a three-phase PV system in the stationary a-b-c frame. To achieve the zero steady-state error for the dc 
component, 
replaces the P controller) with an integral (I) controller. Then, in order to apply the dc component minimization method 
to the standard dual closed-loop control system in a synchronous frame, is then transformed to a mixed abc and dq 
frame. The reference current i*abc0 , the grid voltage eabc0 , and the current controller is implemented in synchronous 
frame (i*abc0 , eabc0, and the I controller are transformed into i∗dq1 , edq1 , and the R controller, respectively). The “virtual 
capacitor” in the feedback path is still implemented in the stationary a-b-c frame. 
 
C. DC COMPONENT EXTRACTION BASED ON SLIDING WINDOW ITERATION 
In the control strategy shown in Fig. 2, 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 small and an accurate dc component extraction is challenging. In PV inverters, the Hall-effect 
cur-rent 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. 
 
 

 
Fig 2: DC component minimization strategy based on dc component feed-forward and PIR controllers. 

 
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 dc 
component and other ac components of different frequencies (e.g., harmonics) 
 
ia  = ia0 +  ∑ 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 
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   ----------------       (2) 
 
 When T = T1  = 1/f1 , the second term in the right side of (2) becomes  
 

 
                                       --------------       (3) 
Hence, with (2) and (3), the dc component ia0  can be obtained by  
 

------       (4) 
 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 
 

 
                                                   -------       (5) 
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, sliding window iteration is used in (6) to replace (5) 

 
                                                     ----------       (6) 
where Ncur  is the sliding pointer which represents the current 
 
sampling point. After completing the summation of one fundamental period for initialization, N–1 additions of (5) is 
simplified as one addition and one subtraction of (6). As a result, the 
amount of calculation is reduced.  
 
C. 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 
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rotational frame comes from the line-frequency ac components in the phase cur-rents. The line-frequency component in 
the rotational frame  
 
 
 
 
 
 
 
 

Fig. 3.   d-axis current control loop based on the PIR controller 
 
comes from the dc component in the phase currents. 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 
is shown in Fig.3 
 
where Ts is the sampling period, Kp is the proportional gain, Ki is the integral gain, and Kr is the resonant gain. ω1 is the 
reso-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. 
In Fig. 3, the PI controller is used to regulate the dc component transformed from the fundamental currents. The R 
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 
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. 
 

IV. SIMULATION RESULTS 
 

 
 

Fig 4: Grid current waveforms with DC component 
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Fig 5: Minimized dc component of Grid 

current waveforms by single integral 
 

 
 

Fig 6: Minimized dc component of Grid 
current waveforms by double integral. 

 

 
 

Fig 7: THD = 9.06% 
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V. EXTENSION WITH FUZZY CONTROLLER 
 

 
 

Fig 8: Minimized dc component of Grid 
current waveforms by single integral with fuzzy controller 

 

 
 

Fig 9: Minimized dc component of Grid 
current waveforms by double integral with fuzzy controller 

 
Fig 10: THD = 7.00% 
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VI. CONCLUSION 
 
This project has presented an effective method to minimize the dc component in a three-phase Transformerless grid-
connected PV system. The dc component can introduce line-frequency power ripple in the system and further cause dc-
link voltage 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. A 
PIR 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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