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 

Abstract: Sending power with good quality is the main objective 

of electrical transmission system. The load nature, in particular 

non-linear loads, makes the current at the point of common 

coupling (PCC) to include harmonics which further affects the 

other loads connected at PCC. Power quality improvement and 

management is an important study for the enhancement of 

electrical transmission and distribution systems to enrich the 

quality of power delivered at the utilization point. DSTATCOM is 

one among the FACTS controllers to improve the power quality by 

nullifying the effect of harmonics at PCC. This paper presents the 

analysis of dual DSTATCOM topology. In this each DSTATCOM 

is burdened such that the total compensating currents is shared 

between the two. Dual STATCOM topology is tested and the result 

analysis is shown with varying non-linear type loading conditions. 

Dual DSTATCOM is controlled using Instantaneous Reactive 

Power theory control logic. Parallel DSTATCOM has the 

advantage of reduction of switch rating and switching losses. The 

simulation work is carried out using Matlab/Simulink software. 

 

Index Terms: Reactive power, Harmonics, parallel 

DSTATCOM, non-linear loads.  

I. INTRODUCTION 

 Power system existence and reliability depends on the 

quality of power that is delivered at the point of utilization. 

The presence and increasing usage of non-linear loads makes 

the supply system more complex as they are the source of 

harmonics into the system. Using power electronic 

converters fine and smooth control is possible. But the major 

drawback of power electronic devices is that the system 

becomes nonlinear which is not desirable inducing 

non-linearity in the system and waveforms [1-3]. Apart from 

the existing nonlinear loads, these power electronic 
controllers make the system with reduced power quality. The 

major objective of the power system line is to supply the 

consumers with better quality in power. There are lot of 

parameters which influence the quality of power such as 

reactive power, harmonics [4-6], power factor, voltage sag 

and swell. The best solution to minimize the power quality 

issue is to use custom power devices which are also called as 

FACTS (flexible AC transmission system) controllers. 

Different FACTS devices are STATCOM, APF, 

DSTATCOM, DVR, and UPQC. STATCOM is used to 

compensate the reactive power and APF is used to 

compensate the harmonics. The D-STATCOM [7-9] is used 
to solve the issues like reactive power and harmonics. DVR 

compensates the voltage fluctuations and UPQC 
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compensates all of the above said issues. But, depending on 

the issue these devices are connected in the system.  

In this paper parallel DSTATCOM concept is 

implemented in which two DSTATCOM’s are connected in 

parallel to the power system line. The required reactive 

power and harmonic currents can be injected by controlling 

the DSTATCOM with suitable control logic. The control 

theory used in this paper is instantaneous reactive power [10]. 

The switches in the DSTATCOM are operated by giving gate 

pulses from control circuit. The advantage of using parallel 

DSTATCOM is that the number of switches can be reduced 

with less switching losses. The DSTATCOM connected to 
power system line is shown in figure 1. As the load is 

nonlinear, it draws nonlinear current introducing harmonics. 

DSTATCOM supplies compensating currents by injecting 

harmonic component of current to mitigate the harmonics.  

This paper presents the analysis of dual DSTATCOM 

topology. In this, each DSTATCOM is burdened such that 

the total compensating currents is shared among the two. 

Dual STATCOM topology is tested and the result analysis is 

shown with varying non-linear type loading conditions. Dual 

DSTATCOM is controlled using instantaneous reactive 

power theory control logic. Parallel DSTATCOM gives the 
advantage of reduction of switch rating and switching losses. 

The simulation work is carried out by using Matlab/Simulink 

software. 

II. SYSTEM WITH PARALLEL CONNECTED 

DSTATCOM CONFIGURATION 

Figure 2 shows the parallel DSTATCOM configuration 

which is proposed in this paper. The system has nonlinear 

loads which draws nonlinear currents and deteriorates the 

power system. If only one DSTATCOM is connected, then 

point of common coupling is the only point where we need to 

send the compensating currents. These total harmonic 

currents must be injected by the same DSTATCOM, which 
increases the device ratings in DSTATCOM. To reduce the 

switch rating and switching losses two DSTATCOM’s are 

connected in parallel using an interfacing inductor. In this 

case, the parallel DSTATCOM configuration is able to 

mitigate the harmonics even when the nonlinear load is 

varying. In this work the load variation is made with 

incremental and decrement loads. Figure 3 shows the 

incremental load variation of parallel connected 

DSTATCOM configuration. This configuration acts as a 

harmonic compensator for power system. The DSTATCOM 

is a current injected device, so it is connected in parallel to 
line.  
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Fig.1: DSTATCOM connected to power system line 
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Fig 2: Proposed parallel DSTATCOM configuration 

III. CONTROL STRATEGY 

Figure 4 shows the control circuit for parallel DSTATCOM. 

The gating pulses are generated by the control circuit which 
is given to switches of parallel DSTATCOM. Current 

harmonics are suppressed using instantaneous reactive power 

theory. Instantaneous reactive power theory is based on set of 

time domain instantaneous powers. Instantaneous reactive 

power theory involves algebraic transformations called 

Clarke’s transformation of three-phase balanced 

voltage/current quantities to balanced two-phase quadrature 

quantities. The balanced three-phase voltage and current 

signals transformed (using Clarke’s transformation) to 

stationary quadrature signals are as (1) and (2). 
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The three-phase instantaneous active power component can 

be illustrated as in (3) 

                        (3) 

If the power components are to be separated with respect to 

their average and oscillating components: 

Zero-sequence power,      
      

      (4) 

Real power,                (5) 

Reactive power,               (6) 
The loss component of the power is estimated by comparing 

the actual and reference DC-Link voltages. The power loss 

component along with the estimated power components 

signals (4), (5) and (6) are processed to obtain reference 
source current signals as (7) and the reference source current 

signals in α-β components are processed through inverse 

Clarke’s transformation to obtain reference source current 

signals in a-b-c components as in (8).  
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The generated source reference currents are compared to 

actual currents to generate trigger pulses to switches of dual 

DSTATCOM for harmonic compensation. The complete 

Instantaneous reactive power theory is diagrammatically 

represented in figure 4. Figure 5 illustrates proposed system 

configuration with IRP Control theory for DSTATCOM 
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Fig 3: Proposed parallel DSTATCOM configuration with 

incremented load variation 
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Fig.4: IRP (Instantaneous reactive power) Control theory 

for dual DSTATCOM 
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Fig.5: Proposed system configuration with IRP Control 

theory for DSTATCOM 

IV. SIMULATION RESULTS 

Table 1 illustrates the simulation parameters used to design 

the system. 

Table 1: Simulation Parameters 

Parameter Value 

3-Phase Source 415V, 50Hz 

Source Impedance 0.1 Ohm, 0.9mH 

Interfacing Impedance 0.1 Ohm, 5mH 

Proportional Gain (Kp) 18.3 

Integral Gain (Ki) 4.3 

 
A. DSTATCOM with constant load 

 
Fig 6: Three-phase source voltages 

The three-phase voltages in the system are shown in figure 6. 

Each phase has the same peak as of the other with 340V peak 

value. 

 
Fig 7: Three-phase source Currents 

Three-phase source currents from the supply are shown in 

figure 7. Three-phase currents with 30A peak are delivered to 

the load point. Source current is found not to contain any 

distortion which implies source current is fed free from 

harmonics. 

 
Fig 8: Three-phase load Currents 

The three-phase load current is shown in figure 8. Load draws 

the required peak current of 23 amps from the source.  The 

load being non-linear type draws current which includes 

distortion.  

 
Fig 9: Compensating Currents of DSTATCOM-1 

 
Fig 10: Compensating Currents of DSTATCOM-2 

The two DSTATCOM’s share the total compensating 

currents to compensate harmonic current at PCC. 

Compensating currents fed from each DSTATCOM is shown 

in figure 9 and figure 10.   

 
Fig 11: Power factor angle between source voltage and 

current 
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Fig 12: THD in source current 

 
Fig 13: THD in load current 

The angle between source voltage and source current is 

shown in figure 11. It is observed that there is no phase angle 

difference between these two; hence the power factor is 

nearly unity. The total harmonic distortion for source current 

is shown in figure 12 and the THD is 0.69%. and the load 

current THD is 29.6% which is shown in figure 13.  

 

B. D-Statcom with incremental load 

 
Fig 14: Three-phase source voltages 

The three-phase voltages in the system are shown in figure 

14. Each phase has the same peak as of the other with 340V 
peak value. 

 
Fig 15: Three-phase source Currents 

Three-phase source currents from the supply are shown in 

figure 15. Three-phase source currents with 30A peak are 

delivered to the load point at initial conditions before the load 

increments. After load is incremented at 0.15sec, the source 

current is increased to 50A. Source current is found not to 

contain any distortion which implies source current is fed free 
from harmonics. 

 
Fig 16: Three-phase load Currents 

The three-phase load current is shown in figure 16. Load 

draws the required peak current of 23 amps from the source 

initially. When the load is incremented, the load draws the 

incremented current value corresponding to incremented load 
requirement up to 45A. The load being non-linear type draws 

current which includes distortion.  

 
Fig 17: Compensating Currents of DSTATCOM-1 

 
Fig 18: Compensating Currents of DSTATCOM-2 

The two DSTATCOM’s share the total compensating 

currents to compensate harmonic current at PCC. 

Compensating currents fed from each DSTATCOM is shown 

in figure 17 and figure 18. After load increments at 0.15 

seconds, the compensating currents from both 
DSTATCOM’s are increased to meet the harmonic 

compensation.   

 
Fig 19: Power factor angle between source voltage and 

current 

 
Fig 20: THD in source current 
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Fig 21: THD in load current 

The angle between source voltage and source current is 

shown in figure 19. It is observed that there is no phase angle 

difference between these two; hence the power factor is 

nearly unity. The total harmonic distortion for source current 

is shown in figure 20 and the THD is 0.69% and the load 

current THD is 29.6% which is shown in figure 21. Load 

increment conditions keeps harmonic in source current 

within nominal limits maintaining good power factor. 

 

C. D-Statcom with decremental load 

 
Fig 22: Three-phase source voltages 

The three-phase voltages in the system are shown in figure 

22. Each phase has the same peak as of the other with 340V 

peak value. 

 
Fig 23: Three-phase source Currents 

Three-phase source currents from the supply are shown in 

figure 23. Three-phase source currents with 50A peak are 

delivered to the load point at initial conditions before the load 

decrements. After load is decremented at 0.15sec, the source 

current is decreased to 30A. Source current is found not to 

contain any distortion which implies source current is fed free 

from harmonics even with the load variation condition. 

 
Fig 24: Three-phase load Currents 

The three-phase load current is shown in figure 24. Load 

draws the required peak current of 45 amps from the source 

initially. When the load is decremented, the load draws the 
decremented current value corresponding to decremented 

load requirement up to 23A. The load being non-linear type 

draws current which includes distortion.  

 
Fig 25: Compensating Currents of D-Statcom1 

 
Fig 26: Compensating Currents of D-Statcom2 

The two DSTATCOM’s share the total compensating 

currents to compensate harmonic current at PCC. 
Compensating currents fed from each DSTATCOM is shown 

in figure 25 and figure 26. After load decrements at 0.15 

seconds, the compensating currents from both 

DSTATCOM’s are decreased to meet the harmonic 

compensation.   

 
Fig 27: Power factor angle between source voltage and 

current 

 
Fig 28: THD in source current 
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Fig 29: THD in load current 

The angle between source voltage and source current is 

shown in figure 27. It is observed that there is no phase angle 

difference between these two; hence the power factor is 

nearly unity. The total harmonic distortion for source current 

is shown in figure 28 and the THD is 0.69% and the load 

current THD is 29.6% which is shown in figure 29. Load 
decrement conditions keeps harmonic in source current 

within nominal limits maintaining good power factor. 

V. CONCLUSION 

Parallel DSTATCOM concept is presented in the paper to 

mitigate the harmonics in power system line due to nonlinear 

loads in industries. D-Statcom is one of the custom power 

devices which is connected in parallel, and able to address the 

harmonics and reactive power issues in the power system 

line. The concept of parallel DSTATCOM has been 

introduced to reduce the switch ratings and switching losses. 

This parallel DSTATCOM configuration is controlled using 

instantaneous reactive power control theory. The proposed 
configuration was implemented by using Matlab/Simulink 

software and results are analyzed by changing loading 

conditions like increment in loading and decrement in 

loading. It is observed that there are no harmonic components 

in the source current. The required nonlinear component for 

load has been supplied by parallel DSTATCOM.  
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