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Abstract — Electricity is one in all the simply used types of energy. It will be simply born-again to different types of energy. With the 

advancement of technology, the dependency on the electricity has been increased greatly. Laptop and telecommunication networks, 

railway network, banking, post workplace, life web area unit few applications that simply cannot operate while not electricity. At 

constant time these applications demand qualitative energy. The standard of power delivered to the top user is extremely necessary 

because the performance of the consumer’s instrumentation is heavily hooked in to it. however, the ability quality is suffering from 

varied factors like voltage and frequency variations, presence of harmonics, faults within the power network etc. Among them the 

voltage variations (sag) and harmonic distortion area unit most often occurring drawback. This paper presents the improvement in 

reduction of harmonic distortion in the distribution system. The simulations were performed using MATLAB SIMULINK version 

R2016b. 
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I. INTRODUCTION 

Electricity is generated at generating stations that are settled isolated from the load centers. Electricity is transmitted from the 

generating stations to substations exploitation transmission lines than it distributed to the customers from the substations using 

distribution network. Unremarkable associate electrical distribution system consists of power sources, transformers and varied 

interconnected grid lines and conclusion of distribution system is that the load aspect that's client side. These days as load 

demand is will increase, there's a requirement for top quality, reliable power with economic thought unbroken in mind. A 

distribution system facing current still as voltage connected power quality downside, usually they're poor power issue, distorted 

supply current and voltage disturbances. Nowadays the all world facing the ability quality issues chiefly are low power issue, 

total harmonic distortion, voltage fluctuation and unbalance of active and reactive power. Voltage sags is that the impact of the 

assorted fault within the system, suddenly massive increase in load current because of the beginning a motor or energizing of 

electrical device. Just in case of industries, as there's load demand varies of times results into voltage sags happens additional 

frequently and conjointly results into severe physical and economical losses. In distribution system the ability quality downside 

like harmonic distortion, low power issue are caused because of the harmonic currents and conjointly it causes heating, 

vibration and noise in electrical machines and equipments, and then the damaging of sensitive machine elements. 

   To improve the standard of electric power, the fact devices are introduced to electrical systems. DSTATCOM, UPQC, 

DVR are most generally illustrious custom power devices. Among them DSTATCOM will give value effective resolution to 

reactive power compensation and cargo regulation. It's conjointly helpful to rectify varied power quality problems. 

The DSTATCOM may be a custom power device supported voltage supply converter (VSC) and it will perform as a reactive 

power supply in power systems. A DSTATCOM connected at the purpose of common coupling and wont to mitigate 

each variety of power quality issues (current furthermore as voltage related). DSTATCOM typically operates in Two modes 

particularly current management mode and voltage management mode. Whereas operational in current management mode 

(CCM), it injects harmonic and reactive parts of the load currents to create supply currents curved, balanced and in part with the 

PCC voltages. Conjointly once operational in voltage management mode (VCM), it regulates the PCC voltage 

at reference pricing to guard crucial hundreds from voltage disturbances like voltage sag, swell and unbalances. Typically 

benefits of CCM and VCM can't be achieved at the same time with one active filter, as these Two modes are freelance of every 

alternative. In CCM mode, the DSTATCOM cannot catch up on voltage disturbances. So CCM operation isn't helpful for 

voltage disturbances which are major disadvantage of CCM operation 

II. DISTRIBUTION STATIC COMPENSATOR (DSTATCOM) 

A DSTATCOM consists of a Two levels voltage supply device, a dc energy memory device and a coupling electrical device. 

A DSTATCOM connected in parallel to the distribution network through a coupling electrical device. The dc voltage across the 

memory device converts into a group of three section ac output voltages by VSC.  
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These voltages' area unit in section and matched with the ac system through the electrical phenomenon of the coupling 

electrical device. Effective management of active and reactive power exchanges between the DSTATCOM and therefore, the ac 

system is achieved by appropriate adjustment of the section and magnitude of the DSTATCOM output voltages. This 

configuration permits the device to get or absorb governable active and reactive power. The VSC connected within the parallel 

with the ac system provides a multifunctional topology and may be used principally for three basic reasons. 

A. Mitigation of harmonics 

B. Voltage regulation and reactive power compensation 

C. Power factor improvement 

The basic configuration of the DSTATCOM is shown in the figure.1. 

 

 

Fig.1 Configuration of  DSTATCOM.  

1) Voltage Source Inverter 

Voltage supply controller may be a power device and it's connected in shunt or parallel to the system. It's ready to generate a 

basic mathematical voltage of any needed magnitude, frequency, and point in time. The controller has ability to fully replace the 

voltage or to supply the sole droopy voltage. VSC additionally converts the dc voltage across reactive device into a group 

of three section ac output voltages. Once the output voltage of VSC is bigger than supply voltage, the DSTATCOM works in a 

very electrical phenomenon mode, thus it'll inject storage power through ac system to cut back voltage dips to just about ideal 

price. Or once the output voltage of VSC is a smaller amount than supply voltage, the DSTATCOM can add inductive mode. 

2) Energy Storage Circuit  

The dc capacitance is connected in shunt with the DC supply. It carries the input current of the controller and it's the most 

reactive energy storage component. The DC capacitance can be charged by battery supply and recharged with the device 

operation in DSTATCOM. 

III. CONTROLLER CIRCUITRY WORKING  

The controller system is partly a part of distribution system. Proportional- integral controller may be a feedback controller (PI 

Controller) and it drives the system to be controlled with a weighted add of the error signal(difference between the particular 

output and also the desired output) and also the integral of that worth. PI controller can method the error signal to zero. By 

scrutiny the reference voltage with the RMS voltages that had been measured at the load purpose, the load RMS voltage is 

brought backed to the reference in worth. PI controller is additionally helpful to regulate the reactive power result the form the 

dc capacitance storage circuit.PWM generator generates the curved PWM signal. The angle is summed with the point in time of 

the balance offer voltages equally at a hundred and twenty degrees to control the PWM generator. So PWM generator generate 

the specified synchronizing signal that required.PWM generator additionally receive the error signal angle from PI controller. 

The modulated signal and a triangle signal are compared to get the switch signals for VSC valves. 

IV. CONTROL STRATEGY 

Any device’s correct operating depends on the management provided to them. DSTATCOM management has three elements. 

Initial of all byes utilizing the voltage and current, the reference current output to be generated and by victimisation this 

reference signals the gating pulses are generated which is given to the gate of the electrical converter. The VSC configuration 

includes a capacitance connected as an input. Thus, capacitance voltage output to be regulated at a specific worth, that the dc 

link voltage ought to even be controlled. In reference current generation the current and voltage from abc co-ordinates are 

converted to two phase co-ordinates for independent control of the variables. By two phase conversion the active and reactive 

power can be independently controlled. 
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Fig.2 DSTATCOM control 

 

A. SRF METHOD 

SRF theory is mainly based on the transformation of currents into synchronously rotating D-Q frame. The basic building 

blocks of this theory is shown in figure 5.Sensed inputs va, vb,and vc and iLa, iLb, and iLc are given as inputs to the controller. 

A phase locked loop (PLL) processes the voltage signals to generate unit voltage templates. Current signals are transforms into 

rotating d-q frame, where these signals are filtered and transformed back to abc frame (isa, isb, and isc) which are fed to a PWM 

signal generator. PWM generator then generates final switching signals which are fed to the DSTATCOM; identical to the P-Q 

theory, current components in α-β co-ordinates are generated, and using Ɵ as a transformation angle, these currents are 

transformed from in α-β to d-q frame defined as (Park’s transformation)  

 

            [
𝑖𝑑
𝑖𝑞
] = [

𝑐𝑜𝑠𝜃 𝑠𝑖𝑛𝜃
−𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃

] [
𝑖𝛼
𝑖𝛽
]          (1) 

 

SRF isolator extracts the dc component by using low pass filters (LPF) for each id and iq. Using reverse parks transformation, 

the extracted dc components iddc and iqdc are transformed back to α-β frame. 

 

            [
𝑖𝛼𝑑𝑐
𝑖𝛽𝑑𝑐

] = [
𝑐𝑜𝑠𝜃 𝑠𝑖𝑛𝜃
−𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃

] [
𝑖𝑑𝑑𝑐
𝑖𝑞𝑑𝑐

]     (2) 

 

Reactive power compensation can also be provided by keeping iq component zero for calculating the reference source 

currents. 

 

 
Fig.3 Block diagram of reference current generation using SRF theory. 

V. SIMULINK MODEL OF THE SYSTEM 

Figure 4 shows three phase three wire system. It consists of three phase source and a resistive load as a linear load and a 

diode rectifier which is a non-linear load connected on to the load side. RLC load is connected to the diode rectifier as load. The 

rectifier will draw some amount of harmonics from the system and the source current will have the effect of harmonics and it 

will get distorted. V-I measurements blocks are used on source side, load side, and DSTATCOM side to measure voltage and 

current of the respective sides, from which we take reference signals as inputs to the controller and then controller performs its 

action accordingly. In this simulation study DSTATCOM comes into action at T = 0.15s. we see the status of source current 

before and after the DSTATCOM operation. We see the results with the help of scope as shown in the figure 4. 
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Fig.4 Simulation model of the system 

 

Table I 
SIMULATION PARAMETERS 

 

Sr. 

No. 

Parameter Value 

1 Source 400 volt,50 HZ 

2 Load Universal bridge 

3 DC bus voltage 800 volt 

4 Capacitor 1000𝜇𝑓 

5 Interfacing Inductor 1 Mh 

6 Kp 0.8 

7 Ki 1.2 
 

VI. RESULTS OF SIMULATION MODEL 

 

 
Fig.5 Source Voltage 

 

 
Fig.6 Load Voltage 

 

 
Fig.7 Source Current 
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Fig.8 Load Current 

 

 
Fig.9 V dc 

 

 
Fig.10 Compensator Current 

 

The Waveforms of source voltage, load voltage, source current, load current, dc link voltage, DSTATCOM output voltage, 

and current are shown in fig.5 to fig.10, Source voltage and load voltage are not changed too much, but as we see fig.6 the 

source current get distorted due to the non-linear load. Therefore with the application of DSTATCOM, the improvement in the 

source current will be achieved after time T=0.15s. The DSTATCOM starts acting at time T=0.15s in our simulation study. The 

load side V-I measurement block measures the voltage at the load point. It also measures the output current from which we get 

total harmonic distortion (THD) by using FFT analysis.  

 

 
Fig.11 THD Spectrum without DSTATCOM 

 

 
Fig.12 THD Spectrum with DSTATCOM 
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VII. CONCLUSIONS 

In this paper DSTATCOM is a shunt compensating device used for power quality improvement. The simulation result shows 

that the source current can be improved by adding DSTATCOM. Also DSTATCOM can be used to reduce total harmonic 

distortion. SRF control in combination with PWM control provides better compensation to the system in the case of harmonics. 

PWM controllers will generate switching pulses to operate VSI, which in turn reduce distortion in current and voltage waveform. 

Also DSTATCOM can be used to mitigate voltage related problems like voltage sags. For the simulation purpose, we consider 

here three phase system but hardware structure is developed with single phase system due to the several issues like reliability, 

economical, and complexity, etc. 
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