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Abstract: 

Different types of electrical loads like h ighly inductive, capacitive and power electronics loads are connected in a modern power 

system. The power system is suffered from d ifferent types of problems like voltage sag, voltage swell, stability, frequency deviation, 

faults etc. Voltage, current and frequency of a power system are continuous varied because of these problems. Power  system is mostly 

disturbed because of rise or drop in voltage. Voltage profile is affected because of the rise and fall in a power system. The se problems  

can be solved by a Distribution Static Synchronous Compensator (DSTATCOM) with a combination of Volta ge Source Converter 

(VSC) and a capacitor. Problem of voltage sag and swell can be mit igated by connecting DSTATCOM in parallel with the power 

system at load side. DSTATCOM is a shunt type of compensator which utilizes different types of controlling scheme s. In this paper 

various control algorithms of converter are discussed. Using these controllers the voltage profiles can be improved with DSTA TCOM. 
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I. INTRODUCTION 

 

We know that the most important raw material used by 

residential areas and industries is electrical power. With an 

increase in the use of electrical loads, the power quality iss ues 

have become an increasing concern. The term power quality 

refers to maintaining a sinusoidal waveform of bus voltages at 

rated voltage and frequency, the most common problem in 

power quality today is voltage sag and voltage swell.  Both are 

the main reason for the faults in the power system and switching 

actions to isolate the faulty sections. They are characterized by 

rms voltage variations outside the normal operating range of 

voltages [1]. Due to advancement in power electronics devices 

the FACTS controllers offer a fast and reliable control over 

transmission line parameters like voltage profile. The power 

electronics devices like DSTATCOM, UPFC and DVR which 

are also called as custom power devices are used for improving 

the power quality and reliability of supply. Among them 

DSTATCOM is an effective shunt compensator which has 

capability to solve power quality problems faced by distribution 

system. The DSTATCOM, which consists of a semiconductor-

based voltage source inverter, can provide fast capacitive and 

inductive compensation and is able to control its output current 

independently of the AC system voltage. This feature of the 

compensator makes it highly effective in improving the transient 

stability. Due to the use of electronic devices the power system 

is suffering from different types of problems like voltage sag, 

voltage swell, stability, frequency deviation, faults etc. Voltage, 

current and frequency of a power system are continuous varied 

because of these problems. Voltage sag is a decrease in RMS 

voltage to a value between 0.1 and 0.9 per unit and lasting for 

duration between half cycles to 1 minute. Starting of large 

induction motors can result in voltage sags as the motor draws a 

current up to 10 times the full load current during the starting. 

Voltage swell is defined as an increase in the RMS voltage from 

1.1 to 1.8 per unit for duration from half cycles to 1 minute [2]. 

A voltage swell (like sag) is characterized by its magnitude 

(RMS) and duration. The problems like voltage sag and swell 

can be effectively tackled by the introducing high power 

electronic controllers for the regulation of power flow and 

voltage in AC transmission networks. The performance of the 

DSTATCOM depends on the control algorithm. For this purpose 

there are many control schemes which are presented in this paper 

and some of these are Phase Shift Control, Synchronous 

Reference Frame Algorithm, Instantaneous Reactive Power 

Theory, Regulation of AC bus and DC link voltage and FRYZE 

Power Theory. Among these control schemes instantaneous 

reactive power theory and synchronous rotating reference frame 

are most widely used. It is a custom power device which is 

gaining a fast publicity during these days due to its exceptional 

features like it provides fast response, suitable for dynamic load 

response or voltage regulation and automation needs. Both 

leading and lagging VARS can be provided, to correct voltage 

surges or sags caused by reactive power demands, DSTATCOM 

can be applied on wide range of distribution and transmission 

voltage, overload capability of this provides reserve energy for 

transients [3]. In this paper a detail analysis of one of the custom 

power device DSTATCOM with different control algorithms is 

presented.  

 

II. ABOUT DS TATCOM 

 

The Distribution Static Synchronous Compensator 

(DSTATCOM) is a voltage source inverter based static 

compensator that is used for the correction of bus voltage or line 

current. DSTATCOM is connected in shunt to the distributed 

network through a distribution transformer. If it operates in a 

voltage control mode, it can make the voltage of the bus to 

which it is connected. Similarly when operated in a current 

control mode, it can force the source side currents to become 

balanced sinusoids [4]. The main components of DSTATCOM 

are shown in Figure- 1. It consists of consist of a two level 

voltage source converter (VSC), a dc energy storage device, an 

ac filter, a coupling transformer connected in shunt with the ac 
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system, and associated control circuit. The VSC is used to 

convert DC voltage from the storage device to the three phase ac 

output voltage. These voltages are in phase and coupled with the 

ac system through the reactance of the coupling transformer. 

Suitable adjustment of the phase and magnitude of the 

DSTATCOM output voltages allows effective control of active 

and reactive power exchanges between the DSTATCOM and the 

ac system.  

  
Figure.1. Block diagram of DSTATCOM 

 

DSTATCOM involves following parts: 

 

Isolation Transformer:  It connects the DSTATCOM to the 

distribution network and its main purpose is to maintain isolation 

between the DSTATCOM circuit  and the distribution network.  

 

IGBT based converters:  These converters are used to generate 

the output voltage which is controlled in magnitude and phase 

angle to generate required lagging or leading reactive current, 

depends on the load. 

 

L-C filter: The L-C filter is generally used to dimin ish 

harmonics and correlate converter output impedance to enable 

multip le parallel inverters to share current. The L-C filter is 

preferred in according to the type of the system and the 

harmonics are present at the output side of the converter.  

 

Control block: Control block is used to generate compensating 

current as per requirement. It can also control the external 

devices like manually switched capacitor banks. These control 

blocks are designed based on the different control theories like 

synchronous reference frame theory, instantaneous PQ theory, 

Phase Shift control method etc. 

 

Operating Principle: 

The operating principles of DSTATCOM are based on the exact 

equivalence of the conventional rotating synchronous 

compensator. The converter is connected to a DC capacitor, 

which carries the input ripple current of the converter and is the 

main reactive storage element this capacitor is charged by a 

battery source. The output voltage of the thyristor based 

converter is Vo which is controlled in same way as the source 

voltage Vs. There are three cases   

 

 If the output voltage (Vo) of the VSC is equal to the AC 

terminal voltage (Vs), no reactive power is delivered to the 

system. 

 

 If the output voltage (Vo) is greater than the AC 

terminal voltage (Vs), then the DSTATCOM operates in 

capacitive mode of operation.  

 If the output voltage (Vo) is less than the AC terminal 

voltage (Vs), then the DSTATCOM operates in Inductive mode 

of operation. 

 

III. CONTROL ALGORITHMS  

 

The main aim of the control algorithm is to maintain constant 

voltage magnitude at the point where a sensitive load is 

connected, under system disturbances. The features of any 

control scheme are fast response, flexib ility, robustness and easy 

to implement. The DSTATCOM control algorithms are 

implemented in fo llowing steps: 

 

 Measurement of the system voltages & currents.  

 The supply reference current is calculated first. 

 The compensating current of the DSTATCOM is then 

calculated. 

 Comparing the load current with the compensating 

current, the triggering pulses for the IGBTs of the inverter bridge 

are then produced. 

 This causes the inverter to produce the requisite 

compensating current to perform the load compensation. 

 

Generation of proper triggering pulses for the thyristor of the 

VSC is very crucial for proper implementation of the load 

compensation. The different control algorithms of DSTATCOM 

which involves above mention steps are as follows: 

 

1. Phase Shift Control Algorithm. 

2. Regulation of AC bus and DC link voltage. 

3. Synchronous Reference Frame Algorithm.  

4. FRYZE Power Theory. 

 

The analysis of DSTATCOM with different control algorithm 

can be tested through simulations with different parameters. In 

this paper the methods are only discussed and compared. 

 

1. Phase Shift Control Algorithm 

 

The phase shift control strategy of DSTATCOM involves 

Sinusoidal PWM based control. The main objective of this type 

of control scheme is to maintain constant voltage magnitude at 

the load point. This control scheme only involves the 

measurement of RMS voltage at the load point and it does not 

require reactive power measurement [5]. Figure-2 shows the 

block diagram of Phase Shift Control Scheme.  

 
Figure.2. Schematic Diagram for Phase Shift Control 

 

Sinusoidal pulse width modulation technique is used with 

constant switching frequency. The error signal Eerror obtained by 

comparing the measured system RMS voltage Vabc and the 

reference voltage Vre f is fed to the proportional integral (PI) 
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controller, which generates the angle   for deciding the 

necessary phase shift between the output voltage of the VSC and 

the AC terminal voltage. This angle is summed with the phase 

angle of the balanced supply voltages, assumed to be equally 

spaced at 120 degrees, to produce the desired synchronizing 

signal required to operate the PWM generator. 

 

2. Regulation Of AC Bus And DC Link Voltage  

 

This method is used for load balancing, harmonic suppression, 

power factor correct ion and dynamic voltage regulation. Three 

phase AC supply voltages and DC link voltage are sensed and 

fed to two PI controllers, the outputs of which decide the 

amplitude of reactive and active current to be generated by the 

DSTATCOM, which is shown in block diagram of AC/DC link 

voltage algorithm Figure-3.  Multiplication of amplitudes within 

the phase and voltage unit vectors produces the respective 

component of reference currents. When applying the algorithm 

for power factor correction and harmonic elimination the 

quadrature component of the reference current is made zero. 

These reference currents and the sensed line currents are fed to a 

hysteresis controller, which is used for tracking control. This 

hysteresis controller adds a hysteresis band +h or -h around the 

calculated reference current. 

 

The switching is obtained as given below: 

 

 If Isabc > (Isabc_ref+h) the upper switch of inverter leg 

corresponding to phase ‘a’ is ON and the lower switch 

is OFF. 

 

 If Isabc < (Isabc_ref+h) the upper switch of inverter leg 

corresponding to phase ‘a’ is OFF and the lower switch 

is ON. 

 Figure.3 : Block diagram of regulation of bus and DC link 

voltage control  

 

The tracking becomes better if hysteresis band is narrower, but 

then the switching frequency is increased which results in 

increased switching losses. Therefore the choice of hysteresis 

band should be a compromise between tracking error and 

inverter losses [6]. Th is method of tracking current controls is 

simple robust and exhib its an automatic current limiting 

characteristic. The drawback of this method is that it provides a 

variable switching frequency ramp controller can be used to 

make it constant as shown in Figure-4. 

 
Figure.4. Ramp Comparator Control  

 

3. Synchronous Reference Frame Algorithm 

 

Among the various control methods the synchronous reference 

frame is one of the effective methods  to control DSTATCOM. 

This theory is based on the transformation of the currents in 

synchronously rotating d-q frame. Figure-5 explains the block 

diagram of the method. If θ is the transformat ion angle, then the 

currents transformation from  α-β to d-q frame is defined as : 

 

 
  
  

    
        
         

   
  
  

  

 

Synchronous reference frame isolator extracts the dc component 

by low pass filters (LPF) for each id and iq realized by moving 

average at 100Hz [7]. The extracted DC components iddc and iqdc 

are transformed back into α-β frame as shown below: 

 

 
 

Figure.5. Block diagram for Synchronous Frame Theory 

 

 
    

    
    

        
         

   
    

    
  

 

From here the transformat ion can be made to obtain three phase 

reference currents in a-b-c coordinates using. The reactive power 

compensation can also be provided by keeping iq component 

zero for calculating reference currents . 
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4. FRYZE Power Theory (FPT) 

 

The block diagram of this control algorithm is as shown in 

Figure-6. In this controlling algorithm the load current and the 

source voltages are sensed and the active fryze conductance Ge 

is calculated by, 
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Where,  

iLa; iLb; iLc = Load current of phase a, phase b and phase c 

respectively  

 

Vsa; Vsb; Vsc = Source voltage of phase a, phase b and phase c 

respectively  

 

Then this signal Ge is fed to the LPF which is denoted by Ḡe. 

The active instantaneous currents are calculated as shown below: 

iwa = isa = Ḡe Vsa  

iwb = isb = Ḡe Vsb 

iwc = isc = Ḡe Vsc  

 

Where,  

iwa; iwb; iwc = Active instantaneous current of phase a, phase b 

and phase c respectively  

 

isa; isb; isc = Source current of phase a, phase b and phase c 

respectively 

 

 
 Figure.6. Basic block diagram of FPT 

 

Then the reference current are calculated by, 

i*Ca = iLa - iwa 

i*Cb = iLb - iwb 

i*Cc = iLc - iwc 

 

Where,  

iCa; iCb; iCc = Measured compensating current of phase a ,b and c 

respectively  

 

i*Ca; i*Cb; i*Cc = Calculated compensating current of phase a, b 

and c respectively 

 This calculated compensated current is compared by measured 

compensated current and the generated error signal is given to 

the voltage source inverter which is generated triggering pulses 

and is fed to the gate of the inverter [8]. 

 

IV. CONCLUS ION 

 

In this paper different control algorithm of DSTATCOM is 

presented, the appropriate method is applied to mitigate voltage 

sag and voltage swell, thus improving Power Quality using 

DSTATCOM. 

 

V. FUTURE S COPE 

 

This  paper presents the detailed analysis of one of the custom 

power device DSTATCOM. Now we are going to simulate these 

control algorithms which are p resented in this paper using 

MATLAB Simulink. After simulating, the results are compared 

and we come to know that which method of DSTATCOM is best 

and effective for power quality improvement.    
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