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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. 

 

Keyword: Virtual Capacitor, Transformer Less, Photovoltaic Inverters, Integral Method. 

 

 

1. INTRODUCTION 

Grid-connected photovoltaic (PV) systems often include a line 

transformer between the power converter and the grid. The 

transformer guarantees galvanic isolation between the grid and 

the PV systems, thus fulfilling safety standards. Furthermore, 

it ensures that no direct current (dc) is injected to the grid. 

However, the low-frequency (50 or 60Hz) transformer is 

bulky, heavy and expensive and its power loss brings down 

the overall system efficiency. To eliminate the transformer and 

achieve cost, size and weight reduction as well as efficiency 

improvement, the research and interest on 

„Transformer less‟ power conversion is growing There are 

several issues associated with transformer less structures, such 

as dc component in the inverter output (grid) current, ground 

leakage current (due to common-mode voltage and parasitic 

capacitance) and The voltage level mismatch between the 

solar panel (inverter) and grid. Among them, the dc 

component can affect the normal system operation and cause 

safety concerns. Standards have therefore been established in 

many countries to limit the level of the dc component, for 

example, below 0.5% of the rated output current (e.g. IEEE 

Std.1547-2003) therefore, this paper will investigate effective 

solutions to minimize the dc component in a PV system. The 

dc component can have negative impacts on the power system 

in the Following ways. 

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 transformer 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. 
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3) The dc component injected to the grid can affect the normal 

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. There are several sources 

leading to the dc components in grid connected inverters:  1) 

asymmetry in the switching behavior of power semiconductor 

devices, 2) imparity in gate driver circuits, 3) device turn-on 

and turn-off delays, 4) non-identical device voltage drops (on-

state resistance, saturation voltage, etc), 5) sampling biases 

from the ac current and ac voltage sensors, etc . Minimization 

of the dc component in transformer less PV inverters has been 

extensively investigated in literatures. Several solutions have 

been developed which can be grouped into two categories: 

passive methods and active methods. For example, coupling 

transformers and blocking capacitors are inserted on the 

inverter ac side to minimize the dc component. 

 

2. SYSTEM UNDER STUDY 

GRID-CONNECTED photovoltaic (PV) systems often include 

a line transformer between the power converter and the grid. 

The transformer guarantees galvanic isolation between the 

grid and the PV systems, thus fulfilling safety standards. 

Furthermore, it ensures that no direct current (dc) is injected to 

the grid. However, the low-frequency (50 or 60 Hz) 

transformer is bulky, heavy, and expensive and its power loss 

brings down the overall system efficiency. To eliminate the 

transformer and to achieve cost, size, and weight reduction as 

well as efficiency improvement, the research and interest on 

“transformer less” power conversion is growing. There are 

several issues associated with transformer less structures, such 

as dc component in the inverter output (grid) current, ground 

leakage current (due to common-mode voltage and parasitic 

capacitance), and the voltage-level mismatch between the 

solar panel (inverter) and grid. 

 

Block diagram for Dc component minimization. Among them, 

the dc component can affect the normal system operation and 

cause safety concerns. Standards have therefore been 

established in many countries to limit the level of the dc 

component, for example, below 0.5% of the rated output 

current (e.g., IEEE Standard 1547-2003). Therefore, this paper 

will investigate effective solutions to minimize the dc 

component in a PV system. 

 

Fig 1.1 Schematic of the dc component Minimization feed 

forward system. 

 

3. VIRTUAL CAPACITORS 

One way to block the dc component is to put a capacitor C in 

series with the ac side of the inverter as shown in. 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 

replaced by software-based method and advanced control 

strategy which mimics the operation of the series capacitor in 

a single phase PV system.                

 

Fig 1.2 PV inverters connected with virtual capacitors. 

The current control loop diagram of the single-phase PV 

inverter with the blocking capacitor is shown in where the 

reference is current; G is the controller transfer function, and 

KPWM is the gain of pulse width modulator. If the capacitor 

voltage feedback terminal (1/Cs) is moved to the front of the 

pulse width modulator (KPWM), the control diagram can be 
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equivalently transformed to the structure shown in. As seen, 

the blocking capacitor C is replaced with an integral and 

feedback block, the so-called virtual capacitor. This virtual 

capacitor can be implemented with software-based method 

and avoids the uses of physically large and expensive ac 

capacitors to block the dc component. 

4. SPACE VECTOR PULSE WIDTH 

MODULATION 

Space vector PWM is an advanced, computationally 

intensive technique that offers superior performance in 

variable-speed drives.  This technique has the advantage of 

taking account of interaction among the phases when the 

load neutral is isolated from the center tap of the dc supply. 

Space vector PWM can be used to minimize harmonic 

content of the three-phase isolated neutral load.MPPT or M

 

Fig: 1.3 Space Vector PWM. 

When an upper switch is turned on (i.e., a, b or c is “1”), the 

corresponding lower switch is turned off (i.e., a', b' or c' is 

“0”).Eight possible combinations of on and off patterns for 

the three upper transistors (S1, S3, S5)The eight 

combinations, phase voltages and output line to line voltages 

 

Table 1.1 Space Vector PWM Modulations. 

 

Fig 1.2 D-Q axis of SVPWM. 

 Treats the sinusoidal voltage as a constant 

amplitude vector rotating at constant frequency. This PWM 

technique approximates the reference voltage Vref by a 

combination    of the eight switching patterns (V0 to V7) 

Coordinate Transformation (abc reference frame to the 

stationary d-q frame).A three-phase voltage vector is 

transformed into a vector in the stationary d-q coordinate 

frame which represents the spatial vector sum of the three-

phase voltage. 

5. MPPTWITH PI  

Maximum Power Point Tracking is algorithm that included in 

charge controllers used for extracting maximum available 

power from PV module under certain conditions. The voltage 

at which PV module can produce maximum power is called 

„maximum power point‟ (or peak power voltage). Maximum 

power varies with solar radiation, ambient temperature and 

solar cell temperature .A MPPT, or maximum power point 

tracker is an electronic DC to DC converter that optimizes the 

match between the solar array (PV panels), and the battery 

bank or utility grid. To put it simply, they convert a higher 

voltage DC output from solar panels (and a few wind 

generators) down to the lower voltage needed to charge 

batteries. (These are sometimes called "power point trackers" 

for short - not to be confused with PANEL trackers, which are 

a solar panel mount that follows, or tracks, the sun). 

6. SIMULATIONS AND RESULTS 
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From the DC component minimization in transformer less 

used to get pure power to feed in an AC grid to impure of 

injecting the frequency power ripple, DC voltage ripple and 

further second order harmonics losses. To be maximum 

voltage dip to be compensated. 

 In the simulink model, this model is compensated by photo 

voltaic inverters there are further connected to identical loads 

so that their performance are fairly compared. The controller 

PI employed in the compensated feeder. The loads 

investigated in this work are static linear and static non-linear 

loads. 

 

 

 

OUTPUT 

   

Fig. 1. Grid output. 

  

Fig. 2. Voltage reference output 

 

Fig. 3. Non linear load. 

  

Fig.4 Reference current. 

 

7. CONCLUSION 

From the Dc component minimization this paper 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 dc-link voltage ripple and second-

order harmonics in the ac currents. Software based“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. 

Experimental results have validated the proposed method, 

where the dc component has been reduced below 0.5% and the 

dc-link voltage ripple has been attenuated as well. The 

proposed method can be well adopted in the existing PV 
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systems for dc component minimization by adding software 

programs for dc-component extraction, dc-component feed 

forward term as well as the resonant controller in the current 

control loops. 
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