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Abstract: 

Distribution Static Synchronous Compensator (DSTATCOM) is a power electronics tool joined in parallel to the system 

of lines to mitigate the power quality disruptions such as electric potential swell, sag, potential imbalance, and current 

harmonics voltage spike, flicker, electric potential fluctuations related to the secondary system of lines. DSTATCOM 

provides electric potential control and adequate mitigation for disturbances related with distribution of system lines in 

community. DSTATCOM is a 3-phase device that produces dynamic power which the final result can be transformed in 

suitable situation to manage the exact variable quantity of distribution system of lines. This article offers a critical look 

to the researches on the DSTATCOM for energy quality enhancement in electric distribution systems. It explains the 

basic elements and configuration of DSTATCOM, the operation mode of DSTATCOM, principle of operation of 

DSTATCOM, DSTATCOM configurations, and DSTATCOM control strategies in the electric distribution network. 

Keywords— DSTATCOM, voltage unbalance, distribution system, power quality, power electronic controllers. 

I. INTRODUCTION 

The employ of advanced power electronics controller in 

electric distribution networks to provide quality energy to 

customers is of a greater importance for electricity 

providers in liberalized electric system world [1, 2, 3, 4]. 

The quality of energy which is given to the end users can 

be assessed in terms of regular voltage amplitude, 

balanced phases, no voltage variations, no voltage swell or 

sags, lack of interruptions, no voltage fluctuations, 

capability of the system to resist failure and return to 

correct state quickly, constant frequency and no voltage 

flickers [5, 6, 7]. The major elements of an electrical 

power networks are controlled equipment’s, loads, 

generators, protection, transmission lines and 

transformers. These components are joined together in 

order to make possible the production of energy in right of 

purpose positions and inadequate proportion to meet the 

need of end users request, to transfer power from the 

production center and to provide reliable and standard 

power at highly advantage costs.  

DSTATCOM is one of the best use Custom Power 

Controllers at energy distribution stage [8]. DSTATCOM 

uses a voltage source inverter which is shunt linked which 

as the functions of voltage control, reactive power control 

and active filtering. DSTATCOM used in power electronic 

based applications uses pulse width modulation switching 

control which is practically used in relatively low power 

level applications [9, 10 11]. The primary work is 

presented to grasp the significance and importance of 

energy standard in a liberalized economy [12, 13]. In view 

of this, utility companies are doing everything possible to 

provide a better standard of energy in accordance to 

energy standard acceptable value by various 

establishments in an effort to assess specific areas of 

service delivery [14, 15, 16]. The objective of this review 

is to give a broad review on DSTATCOM one of the best-

known compensating devices for grid quality enhancement 

of low voltage system. 

II DISTRIBUTION STATIC 

SYNCHRONOUS COMPENSATOR 

A DSTATCOM is a power custom device, it consists of 

electric potential inverter, a boosting energy transforming 

device linked in parallel with the system of lines, a 

medium of storage direct current and a well-designed filter 

system. The DC voltage is changed to AC three phase 

output voltages by voltage source inverter converts. The 

amplitude and angles of the phase voltage are in phase and 

linked to electric power system through the inductance and 

capacitance of the matching transformer. Correct change 

of the voltages angle and amplitude of DSTATCOM 

permits efficient management of reactive and active 
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energy transfers between DSTATCOM and electric power 

network [17]. 

A THE BASIC COMPONENTS OF A 

DSTATCOM 

DSTATCOM can be defined as a parallel linked advanced 

power electronics non active energy amendment, that 

creates and or takes in non-active energy which the final 

outcome caan be transformed so as to handle and to 

control the exact and detailed able to be measured quantity 

of the system of lines.. Figures 1a and 1b indicate layout 

showing the essetial constituent of DSTATCOM  

 

Figure 1a: The schematic diagram of DSTATCOM 

 

Figure 1b: DSTATCOM circuit configuration 

The Coupling Transformer: This is employed to keep 

separate between the DSTATCOM circuit and the electric 

power system. 

Voltage Source Inverter: This produces a sinusoidal 

voltage with minimum distortion in harmonic from a 

direct current voltage. This comprises IGBT devices 

employed for switching, DC energy storage, a filter 

utilized in harmonics reduction. 

DC Charging Unit: DC charging unit is employed to 

supply needed DC voltage to the IGBT for necessary 

compensating action also it is utilized to keep DC the 

voltage at the acceptable limit. 

Ac Filters: The primary purpose is to remove unwanted 

harmonics produced by VSI therefore, sustain the 

harmonic range to keep within a standard allowable range 

Energy Storage Unit: batteries, flywheels, 

superconductors, magnetic energy storage (SMES), to 

store energy. During compensations the energy storage 

units serve as supplier of active power. 

B Location of DSTATCOM in Low Voltage 

System 

The DSTATCOM can be situated in both medium voltage 

and LV systems. The principal aim of the two systems is 

to release a voltage in the incident of disturbances. The 

utmost significance changes between a LV link to 

DSTATCOM and a MV link to DSTATCOM is the 

movement of zero sequence currents and the production of 

zero sequence voltages. In the three phase four wire 

system of low voltage electric power systems the 

DSTATCOM should firmly fixed for a free movement of 

impedance for zero sequence currents and the zero 

sequence must either move from the inverter or in a delta 

winding of the boosting transformer [18].  

C Basic Operation of DSTATCOM 

The variation in sinusoidal voltage across the resistance 

and the capacitance effect power transfer between the 

DSTATCOM and the electric systems, in a way that the 

voltages at the electrical connector to be controlled to 

enhance the voltage quality of the distribution network, 

which is the main function of DSTATCOM. DSTATCOM 

uses solid state energy switching tools and gives quick 

regulation of the phase voltage, both in amplitude and in 

angle. The operation of DSTATCOM involves the 

comparison of AC load voltage VS, if the AC load voltages 

are higher than the VSI amplitude Vc, the sinusoidal 

system takes the DSTATCOM as inductance linked to its 

ends. In other hand, in case the voltage source inverter 

voltage amplitude is higher than that of the AC terminal 

voltage amplitude, the AC takes the DSTATCOM as a 

capacitance to its ends [19, 20, 21]. If the voltage 

amplitude is the same, the reactive power transfer is zero. 

When the DSTATCOM has a DC source on its side, it can 

give active energy to the distribution network [22]. This is 

possible by changing the angle of the DSTATCOM buses 

and the angle of the sinusoidal distribution network. If the 

angle of the sinusoidal network leads the voltage source 

inverter angle, the DSTATCOM takes in the active energy 

from the sinusoidal network, when the phase angle of the 
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sinusoidal energy network lags the voltage source inverter 

angle, the DSTATCOM supplies active energy to the 

sinusoidal network [19].  

D Operation Mode of DSTATCOM 

There are three operation modes of DSTATCOM 

Capacitive Mode: This when the VSI voltage magnitude 

is higher than that of the AC magnitude of distribution 

network voltage (Vs), the AC takes the DSTATCOM as a 

capacitance to its terminals, mathematically, VS>Vc  

Inductive Mode: This when the magnitude of distribution 

network AC bus voltages (Vs) is higher than the VSI 

magnitude (Vc), the AC system takes the DSTATCOM as 

inductance connected to its terminals. VC >VS  

No Load Mode: This is when the phase output of the 

Voltage Source Inverter (VC), is equal to the distribution 

network voltage (VS), mathematically, VS=VC, 

E DSTATCOM Ethical Standard of Operation 

DSTATCOM is a shunt connected device it consists of a 

matching transformer, a filter, VSI which is better to 

employ, and energy storage as shown in Fig. 2 [16, 23, 24, 

25] 

The AC output voltages were obtained from the VSI 

which change the DC voltage across the storage device. A 

matching transformer is employed to linked the utility 

network with the phase generated voltages. Direct control 

of the magnitude and phase of the DSTATCOM output 

voltages permits efficient management of reactive and 

active energy movement between electricity supply 

network and the DSTATCOM [26], [27-29]. A single-

phase equivalent circuit of an electrical power network 

with a DSTATCOM is presented in Fig. 3, V1 is the 

inverter output voltage, V-coupling is the voltage drop by 

the joining impedance, Vpcc is the voltage at the point of 

joining and Vs is the supply voltage from the network. 

Figure 3a-d show the vector diagram of DSTATCOM at 

natural frequency for the process of change from 

capacitive to inductive mode is accomplished by moving 

the phase σ from zero to positive value.  

 

Figure 2: DSTATCOM single Circuit diagram 

 

 

 

 

Figure 3: Vector Diagram of DSTATCOM; (a) 

Capacitive mode (b) Inductive mode (c) Active 

power release (d) Active power absorption 

III CONFIGURATIONS OF DSTATCOM IN 

ELECTRIC POWER DISTRIBUTION NETWORKS 

DSTATCOM is a compensating device which can be 

grouped based on separate topologies and number of 

phases. Voltage source Inverter Bridge is mostly 

employed for good energy quality enhancement modelling 

of DSTATCOM, occasionally, the employ of a current 

source inverter is scarcely reported. The DSTATCOM 

topology depends on the number of phases in the 

distribution network.  

A DSTATCOM Inverter Based Classification 

The use of VSI configuration is well known for 

DSTATCOM whereas CSI configuration is rarely 

informed due to the fact that VSI is self-supporting to DC 

voltage bus with a large DC capacitor. VSI topology 

enhances the performance with lower switching frequency 

and increased power handling capacity. Moreover, this 

topology can transfer a significant amount of active power 
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with energy storage devices in place of the DC capacitor 

[30, 31, 32]. 

B Topology Based Classification for 

DSTATCOM 

Figure 4 describes the three-phase delta DSTATCOM, 

which is linked in parallel with electric power network. 

DSTATCOM is greatly utilized for power factor 

improvement, reduction in voltage unbalance, voltage 

variations and harmonics reduction, if jointed to 

customer’s load. Also, when linked to electrical bus it 

performs voltage regulation [33], [34-49] 

 
Figure 4: Three phase three wire DSTATCOM 

C Categorization of DSTATCOM Supply System 

DSTATCOM as a compensating device can be categorized 

depending on the system, supply of loading having two 

wires and three wire star-connected. There are numerous 

nonlinear single-phase loads linked on three phase 

networks, for example electronics devices, lightings, 

domestic appliances, etc. the DSTATCOM mitigating 

device can also be divided appropriately as single phase, 

three wires and star types. 

Single Phase Compensating Devices: The two wire 

DSTATCOM mitigating devices are utilized as an active 

shunt [34-36] as shown in Fig. 5. The widely utilized pulse 

width modulator generator voltage source controller with 

capacitive DC storing medium components, is employed 

to make single phase of this device [50, 51, 52]. 

 

 

Figure 5: Two wires DSTATCOM 

3-phase compensating tools: DSTATCOM with 3-phase 

has numerous numbers of applications such as non-linear 

loads, etc., [39-49]. With three connectors on the AC side 

and two connectors on DC side. For DSTATCOM to be 

used in medium voltage level it must be modelled with 

voltage supply type with single stage voltage source 

inverter [42] and improved voltage and power handling 

capacity multilevel VSI [38], cascaded multi-level VSI 

[36], cascaded H-bridge [44, 53, 54, 55, 56, 57], and land 

multi-pulse VSI [58, 59, 60] are used. 

3-Phase Star Connected Compensating Tools: 

DSTATCOM with3-phase star connected as a very big 

number of two wire loads which can be provided from 

three-phase star connected [61]. To reduce the problems 

caused by the neutral wire such as unbalance, usual neutral 

current, reactive power burden and harmonics, three-phase 

star connected has been developed in DSTATCOM [37, 

38]. This DSTATCOM using VSI has capacitor midpoint 

are used [59, 60, 62, 63, 64, 65, 66, 67, 68]. The capacitor 

midpoint VSI topology is employed for minor estimate as 

the whole neutral current moves via the DC bus capacitor, 

this will enhance the device reliability and efficiency of 

the system. Figure 6 shows the 3-phase star connected 

configurations for DSTATCOM.  

 

Figure 6: 3-phase star connected DSTATCOM (capacitor 

mid -point topology) 

IV Control Strategies of DSTATCOM 
Control strategies play an extremely important part in the 

general performance of compensating device. This can be 

realized in three phases. First and foremost, first phase, the 

important voltage and current signals are detected using 

distribution transformers, Hall-effect sensors, and isolation 

amplifiers to collect reliable system information. Phase 

two, compensating controls for current or voltage levels 

are gotten depending on various command techniques and 

tool setups. In phase three, the gating signals for the solid-

state tools of the compensating devices are produced either 

in open loop or closed loop. Famous schemes are PWM 

[69-72] and SPWM [73-83], while for the closed loop, 

hysteresis control [38, 84] is widely used forms of tracking 

control for lower order systems. For the second and higher 

order systems of control the following can be used; pole 

shift control, dead beat control, sliding mode control, 

Kalman filter control, and linear quadratic regulator. 

Today with the support of digital signal processor, 

microprocessor and microcontroller it is very possible to 
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carry out complex algorithms like genetic, neural networks 

and fuzzy logic for enhancing the dynamic and normal 

operation effectiveness of the DSTATCOM [85]. 

 

V Application of DSTATCOM 

DSTATCOM is widely employed to decrease harmonics, 

correct power factor correction and to enhance voltage 

quality and to control the distribution systems, as well as 

militate current harmonics [48], balancing of loads and 

compensation of loads, compensation of non-active power, 

transient voltage disturbances [39, 47]. DSTATCOM can 

also perform mitigation of voltage sag and swell [47], 

voltage variation, imbalance and flickers [50], if linked to 

electricity supply network. 

CONCLUSION 

A broad review of compensating device DSTATCOM has 

been described to give an obvious evaluation of different 

kinds of DSTATCOM to the researchers, engineers and 

manufacturers have access to broad survey for additional 

organizes study on the topic. DSTATCOM is utilized for 

neutral current compensation beside with the balancing of 

loads, compensation of non-active energy, and mitigation 

of harmonics. The basic performance of DSTATCOM has 

been verified for voltage profile improvement, voltage 

variation compensation, phase voltage unbalance 

mitigation, compensation non-active energy and balancing 

of loads in energy networks. 
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