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Abstract
Objectives: A detailed analysis has been made to study the harmonics level with and without compensation. To compensate 
neutral current of the test system using synchronous reference frame controls analogy. Methods/Analysis:  This work 
deals with harmonic reduction using recompense of source and neutral current. A modified control technique has been 
framed with the reference synchronous frame to mitigate these power quality issues with a model test system.  Findings: 
Renewable energy sources are associated in distribution systems using power electronic converters for the melioration 
of power quality. One of the Renewable energy resources which are widely used in the distribution system is solar energy. 
The inclusion of power electronic converter/devices and due to composite loads present in power systems may lead to 
power quality issues. Without these controlling devices, transmission and distribution of electricity at required level 
cannot be attained. The test system comprises of PV array or battery, DC to DC promote converter and DSTATCOM for 
providing whole day compensation. Maximum benefits of the model can be achieved through this control technique when 
implemented in an A.C four-wire system. After implementing the control technique, it is observed that the harmonics of 
the source voltage, the source current and neutral current has been reduced and thus meliorates the calibre of power 
delivered to the consumers. Applications: Generally, the consumer loads are an unbalanced system due to the different 
types of loads such as Industrial loads, commercial loads and residential loads. The AC system is adopted to give supply 
to single phase and three phase loads. These unbalanced loads simulate large content of neutral current. To improve the 
reliability of distribution system many renewable energy sources are connected to the network and these sources are 
controlled by static devices. These static devices are induced harmonic content at higher levels. D-Statom is best suited in 
the distribution system to reduce the harmonic content and enhance the quality of power.
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1.  Introduction

Distributed Generation plays a key role to meet the raise 
in power demand worldwide. Many distributed gen-
eration systems are available and connected scattered in 
the distribution network. Due to the smaller in size and 
highly reliable, the solar system plays a significance role  

compared to the other renewable. The production of 
power by the PV is affected by weather conditions; insu-
lation, and temperature. These control variables of the 
solar system are adjusted according to the requirement 
using real-time simulator1. Many more issues are arrived 
while connecting the renewable sources to the grid under 
normal or fault conditions. The development of power 
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electronic devices  is capable of minimizing the trans-
mission and distribution losses to control the harmonic 
content2.

The efficiency of the converter is enhanced by lower-
ing DC link voltage3,4. Using a large number of switches 
accelerate harmonics, switching losses and cost function 
of the system. The inverter circuit reduces the number 
of switches considerably and makes the system design 
and operation simple5.The nonlinear loads in the distri-
bution system draw excessive harmonic currents which 
over heat the conductor and transformer. By controlling 
the distribution transformer, suppress the consequence 
of harmonics6. The performance of the Voltage Source 
Converter (VSC) with various p. freduces the har-
monizes and balances the loads7. Fuzzy logic based 
approach has been used to identify the point of maxi-
mum power for pumping plants8. TarakSalmi proposes a 
mathematical modeling of PV behavior under different 
physical and environmental parameters. It also outlines 
the working principle of PV array9. In the recent years, 
the hybrid system is so popular due higher reliability in a 
different environment and network condition. The load 
and battery storage management can yield better results 
and improves the system efficiency in a better way10. A 
new control theory has been developed to balance real 
and imaginary power in AC four wire system11. Usage of 
static devices for controlling the unbalance loads makes 
the system operating at low power. Many power factor 
corrector methods have been adopted at the inverter 
side to deliver the power at the required level12. The 
development of many facts devices acts an crucial part 
in power quality betterment during fault or heavy load 
conditions13. The shunt active power filter reduces the 
harmonic level at the great extent and provides maxi-
mum utilization of inverter to deliver a better quality of 
power14.	

1.1  Objective of this Work
	 To abbreviate source voltage harmonics and source 

current.
	 To perform a detailed study in harmonics provided 

with and without compensation technique and to 
observe the Total Harmonic Distortion level.

	 To compensate neutral current, in the system which 
includes integration of multiple techniques along with 
electrical equipment and electronic devices?

1.2  Description About the Test System
The Schematic diagram of the test system is shown in 
Figure 1. The synchronous-rotating dq reference frame 
has been used to sense the load variation through by 
the feedback signals and gives the control signals to 
the PI controller. The detailed control flows diagram of 
D-Statcom is shown in Figure 2.

Figure 1.  Schematic diagram of the test system.

Figure 2.  Control algorithm for three legs VSC.

2.  Result and Discussion

The performance of the test system under changes in load 
condition without compensation is shown Figure 3 and 
Figure 4 respectively. The performance of phase A source 
voltage and phase A source current with its spectrum is 
shown in Figure 5 and Figure 6 respectively. The effect of 
neutral current and its waveform without compensation 
is shown in Figure 7.
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Figure 3.  Performance of source voltage without 
compensation.

Figure 4.  Performance of phase A source voltage with its 
spectrum without compensation.

Figure 5.  Performance of source current without 
compensation.

Figure 6.  Performance of phase A source current with its 
spectrum without compensation.

Figure 7.  Performance of neutral current with its spectrum 
without compensation.

The performance of the test system under change of 
load condition for source voltage and source current after 
compensation is shown Figure 8, Figure 9, Figure 10 and 
Figure 11 shows the spectrum of phase A source voltage 
and source current. The performance of current in neu-
tral after compensation is shown in Figure 12.

Figure 8.  Performance of source voltage after 
compensation.
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Figure 9.  Performance of source current after 
compensation.

Figure 10.  Performance of phase A source voltage with its 
spectrum after compensation.

Figure 11.  Performance of phase A source current with its 
spectrum after compensation.

Figure 12.  Performance of neutral current with its 
spectrum after compensation.

THD analysis is shown in Table.1. After implementing 
the control technique, it is celebrated that the harmonics 
of the source voltage have been found to have reduced 
from 27.66% to 0.23% after compensation. Similarly, it is 
celebrated that the harmonics of the source current and 
neutral current has been reduced from 85.01% to 3.98% 
and 29.17% to 0.02%. 

Table 1.  Total harmonic distortion of test system
Parameter Before 

Compensation
After 

Compensation
Source Voltage 27.66 0.23
Source Current 85.01 3.98
Neutral current 29.17 0.02

3.  Conclusion

A special control technique has been framed using syn-
chronous reference frame theory to mitigate this power 
quality issue with a model test system. A detailed study 
has been done on the analysis of harmonics under several 
cases. Finally, source harmonics have been reduced and 
neutral current has been compensated. The photovoltaic 
established DSTATCOM for the AC system is successfully 
modelled and simulated.
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