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The Transient response of the distribution static compensator (DSTATCOM) is very important while 

compensating rapidly varying unbalanced and nonlinear loads. Any change in the load affects the dc link 

voltage directly. The sudden removal of load would result in an increase in the dc link voltage above the 

reference value where as a sudden increase in the load would reduce the dc link voltage below its reference 

value. The proper operation of DSTATCOM requires variation of the DC link voltage within the prescribed 

limits. Conventionally, a proportional-integral (PI) controller is used to maintain the dc-link voltage to the 

reference value. It uses the deviation of the capacitor voltage from its reference value as its input. However, 

the transient response of the conventional PI dc-link voltage controller is slow. In this paper, a fast acting 

dc-link voltage controller based on the energy of the dc-link capacitor is proposed and proposed shunt 

controller method by using PQ-Theory. Mathematical equations are given to compute the gains of the 

conventional controller based on the fast-acting dc-link controllers to achieve similar fast transient response. 

The detailed simulation studies are carried out to validate the proposed controller.. 

 
 

1. INTRODUCTION 

An increasing demand for high quality, reliable 

electrical power and increasing number of 

distorting loads may leads to an increased 

awareness of power quality both by customers and 

utilities. This type of power systems has a major 

function to serve distributed customer loads along a 

feeder line; therefore under competitive 

environment of electricity market service of electric 

energy transfer must not be interrupted and at the 

same time there must provide reliable, stable and 

high quality of electric power [2-3]. In order to 

reduce these problems we have to design carefully 

the power network planning.  

Harmonic currents in distribution system can 

cause harmonic distortion, low power factor and 

additional losses as well as heating in the electrical 

equipment. It also can cause vibration and noise in 

machines and malfunction of the sensitive 

equipment. The development of power electronics 

devices such as Flexible AC Transmission 

System(FACTS) and customs power devices have 

introduced and emerging branch of technology 

providing the power system with versatile new 

control capabilities [4].There are different ways to 

enhance power quality problems in transmission 

and distribution systems. Among these, the 

D-STATCOM is one of the most effective devices. A 

new PWM-based control scheme has been 
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implemented to control the electronic valves in the 

D-STATCOM. The D-STATCOM has additional 

capability to sustain reactive current at low voltage, 

and can be developed as a voltage and frequency 

support by replacing capacitors with batteries as 

energy storage. [5.6]. From D-STATCOM literature, 

a majority of research works have been conducted 

in order to enhance electric power quality due to 

distribution voltage variations, e.g. voltage sags or 

swells. Apart from these voltage variations, the 

D-STATCOM is capable to enhance steady-state 

performances such as power factor and harmonic of 

a particular feeder portion. In this paper, a control 

scheme with constant power and sinusoidal current 

compensation [1] is exploited. In order to correct the 

power factor additionally, a power factor control 

loop is required and therefore included in the 

control block.  

 

2. Description of D-STATCOM Operation  

A D-STATCOM consists of a two-level VSC, a dc 

energy storage device, controller and a coupling 

transformer connected in shunt to the distribution 

network. Figure 2.1 shows the schematic diagram 

of D-STATCOM. 

 
Figure: 2.1 Schematic diagram of a DSTATCOM 

 

2.1 Overview of D-STATCOM The Distribution 

Static Compensator (DSTATCOM) is a voltage 

source inverter based static compensator that is 

used for the correction of line currents [7]. 

Connection (shunt) to the distribution network is 

via a standard power distribution transformer [8]. 

The DSTATCOM is capable of generating 

continuously variable inductive or capacitive shunt 

compensation at a level up its maximum MVA 

rating. The DSTATCOM continuously checks the 

line waveform with respect to a reference ac signal, 

and therefore, it can provide the correct amount of 

leading or lagging reactive current compensation to 

reduce the amount of voltage fluctuations. The 

major components of a DSTATCOM are shown in 

Fig.2.1 [9]. It consists of a dc capacitor, one or more 

inverter modules, an ac filter, a transformer to 

match the inverter output to the line voltage, and a 

PWM control strategy. In this DSTATCOM 

implementation, a voltage-source inverter converts 

a dc voltage into a three-phase ac current that is 

synchronized with, and connected to, the ac line 

through a small t ie reactor and capacitor (ac filter). 

Iout = IL – IS =IL – ((Vth - VL )/Zth) (1) Iout < γ = IL < 

(-θ) – (Vth/Zth) < (δ-β) + VL/Zth < (-β) (2) Iout 

=Output current IS = Source current IL = Load current 

Vth = Thevenin voltage VL = Load voltage Zth = 

Impedance  

Referring to the equation (1), output current, Iout 

will correct the voltage sags by adjusting the voltage 

drop across the system impedance, (Zth =R+jX). It 

may be mentioning that the effect iveness of 

D-STATCOM in correcting voltage sags depends on:  

a) The value of Impedance, Zth = R+jX  

b) The fault level of the load bus The main title (on 

the first page) should begin 1-3/8 inches (3.49 cm) 

from the top edge of the page, centered, and in 

Times 14-point, boldface type. Capitalize the first 

letter of nouns, pronouns, verbs, adjectives, and 

adverbs; do not capitalize art icles, coordinate 

conjunctions, or prepositions (unless the title 

begins with such a word). Leave two 12-point blank 

lines after the title.  

2.2 Voltage Source Converter A voltage-source 

converter is a power electronic device, which can 

generate a sinusoidal voltage with any required 

magnitude, frequency and phase angle. Voltage 

source converters are widely used in 

adjustable-speed drives, but can also be used to 

mitigate voltage dips. The VSC is used to either 

complete ly replace the voltage or to inject the 

„missing voltage‟. The „missing voltage‟ is the diffe 

rence between the nominal voltage and the actual. 

The converter is normally based on some kind of 

energy storage, which will supply the converter with 

a DC voltage. The solid-state electronics in the 

converter is then switched to get the desired output 

voltage. Normally the VSC is not only used for 

voltage dip mitigation, but also for other power 

quality issues, e.g. flicker and harmonics. A special 

gate unit and voltage divider across each IGBT 

maintain an even voltage distribution across the 

series connected IGBTs. The gate unit not only 

maintains proper voltage sharing within the valve 

during normal switching conditions but also during 

system disturbances and fault conditions. A 

reliable short circuit failure mode exists for 

individual IGBTs within each valve position.  
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Depending on the converter rating, series 

-connected IGBT valves are arranged in either a 

three-phase two-level or three level bridge. In 

three-level converters, IGBT valves may also be 

used in place of diodes for neutral point clamping. 

Each IGBT position is individually controlled and 

monitored via fiber optics and equipped with 

integrated anti parallel, free-wheeling diodes. Each 

IGBT has a rated voltage of 2.5 kV with rated 

currents up to 1500 A. Each VSC station is built up 

with modular valve housings which are constructed 

to shield electromagnetic interference (EMI). The 

valves are cooled with circulat ing water and water 

to air heat exchangers. PWM switching frequencies 

for the VSC typically range between 1-2 

 

kHz depending on the converter topology, system 

frequency and specific application.  

2.3 Energy Storage Circuit  

Energy storage circuit is connected in parallel with 

the DC capacitor. The circuit carries the input 

ripple current of the converter and it is the main 

reactive energy storage element. The DC capacitor 

could be the charged by the battery source or could 

be recharged by the converter itself.  

2.4 Controller  

 
Figure: 2.2 Block diagram of Controller System 

 

 

Figure 2.2 shows the block diagram of Controller 

sytem.The controller system is partially part of 

distribution system. Proportional-integral 

controller (PI Controller) is a feedback controller, 

which drives the system to be controlled with a 

weighted sum of the error signal (difference between 

the output and desired set point) and the integral of 

that value. In this case, PI controller will process 

the error signal to zero. The load r.m.s voltage is 

brought back to the reference voltage by comparing 

the reference voltage with the r.m.s voltages that 

had been measured at the load point. It also is used 

to control the flow of reactive power from the DC 

capacitor storage circuit. PWM generator is the 

device that generates the Sinusoidal PWM 

waveform or signal. To operate PWM generator, the 

angle is summed with the phase angle of the 

balance supply voltages equally at 120 degrees. 

Therefore, it can produce the desired synchronizing 

signal that required. PWM generator also received 

the error signal angle from PI controller. The 

modulated signal is compared against a triangle 

signal in order to generate the switching signals for 

VSC valves. 

 

3. Description of Instantaneous Power Theory  

As the name implied, the instantaneous power 

theory [1] is based on a definition of instantaneous 

real and reactive powers in time domain. It is very 

useful not only in the steady-state but also in the 

transient state analysis for both three-phase 

systems with or without a neutral conductor. To 

illustrate the theory, let consider a set of 

instantaneous three phase quantity, for example 

Va, Vb, Vc. It starts with transforming a set of 

three-phase variables in the abc into αβ0 

coordinates. This transformation is so-called as the 

Clark transformat ion as described follows. 

 
 

 

In three-phase, three-wire systems, there is no zero 

sequence components. If Vo and Io are both 

neglected, instantaneous voltage, v, and current 

phasors, i, can be defined from their corresponding 

instantaneous α and β components as follows. 

 
 

 

From (3) and (4), instantaneous complex powers, s, 

can be defined as the product of the instantaneous 

voltage phasor and the complex conjugate of the 

instantaneous current phasor given in (5). 
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The instantaneous complex power is useful. It can 

be applied for transient or steady-state analysis. 

The following equation is a compact form for the 

instantaneous real and reactive power definit ion 

and its inversion. 

 

 

 
Figure 3.2 Control block of shunt current 

compensation based on the instantaneous power 

theory 

 

 

4. Proposed Control Strategy for D-STATCOM  

In general, power compensation by D-STACOM can 

have various functions such as elimination of power 

oscillation, improvement of power factor, 

elimination of harmonic current, etc. Under a 

balanced three-phase supply condition, some 

criteria must be met to optimize the overall system 

compensation. The research conducted by aimed to 

compensate the source current become purely 

sinusoidal and deliver the minimum average real 

power to the load. Although under non-linear 

loading it can guarantee only one optimal criterion, 

in this paper mult iple objectives for shunt power 

compensation are proposed. In addition, 

 

power factor correction of a protected load can be 

included in the control scheme by zeroing reactive 

power supplied by the source.  

As mentioned previously, the compensator must 

supply the oscillat ing power components to the 

load. In order to compensate the oscillating power 

flow by means of PWM converters, the DC voltage 

across the DC link capacitor must be large enough 

and kept constant at that value to stabilize the 

compensation. Therefore, DC link voltage regulator 

must be added to the control loop. To separate the 

oscillat ing real power components a low-pass filter 

is used. Together with the switching and ohmic 

losses of the PWM converter, the instantaneous real 

power reference is formed. Similarly, the 

instantaneous reactive power reference can be set 

as zero to achieve unity power factor. In practice, 

the reference signals for generating the switching 

pattern to drive IGBT gates are current waveforms, 

modified to equate the compensating current in αβ 

coordinates as expressed. Therefore, the αβ current 

is transformed back to the abc coordinate for 

switching pattern generation as described. With 

this power factor correction, the reactive power 

regulator is also added to the loop as shown in Fig. 

4. The overview of the proposed control scheme can 

be depicted as shown in Fig. 5. 
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Figure 4.1 Proposed control scheme with reactive 

power regulation 

 
 

Figure 4.2 Overall proposed control scheme 

 

 

5. Simulation Results  

In order to verify the correction of power factor and 

compensate the harmonic current, a 22- kV power 

distribution feeder with three-phase rectifier 

loading was employed. The test was divided into two 

cases. The first case was used the control scheme 

introduced by [1]. Whereas, the second case was 

the proposed control scheme given in this paper. 

Both test cases were assigned to be operated with 

the same instruction. The test system was started 

from zero initial conditions with only the rectifier 

load. At t = 0.2 s, the DSTATCOM was connected to 

the system via the point of coupling connection. At t 

= 0.5 s, the RL load was switched on to increase the 

system loading. 5.1 Case – I With the control 

strategy proposed by [1], the system response 

without D-STACOM in the time interval 0 – 0.2 s 

was shown in Fig. 7. At t = 0.2 – 0.5s, the 

D-STATCOM was connected to compensate the 

non-linear load as responses. It can be seen that 

the source current was shaped to be nearly 

sinusoidal. However, due to the PWM operation of 

the D-STATCOM, higher-order harmonic 

components were inevitably experienced. At t ≥ 0.5 

s when the RL load switched, the source current 

was lagged the voltage at the point of coupling 

connection by 21.6 degree corresponding to 0.9298 

power factor lagging. 

 
Figure 5.1 Simulation circuit with control scheme 

 
Figure 5.2 Source voltage and current 

 
Figure 5.3 Power factor 

 
Figure 5.4 Three phase active and reactive power 
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Figure 5.5 DC Voltage 

5.2 Case - II With the control strategy proposed in 

this paper, the system response without 

D-STACOM in the time interval 0 – 0.2 s was shown 

in Fig. 10. At t = 0.2 – 0.5s, the D-STATCOM was 

connected to compensate the non-linear load as 

responses. It can be seen that the source current 

was shaped to be nearly sinusoidal. However, due 

to the PWM operation of the D-STATCOM, 

higher-order harmonic components were inevitably 

experienced. At t ≥ 0.5 s when the RL load switched, 

the source current that was previously lagged the 

voltage at the point of coupling connection in case 1 

was resumed to in-phase with the voltage 

waveform. This described the success of power 

factor correction by the reactive power control 

scheme made in this paper. 

 

 
Figure 5.6 Simulation circuit with control scheme 

 
Figure 5.7 Source voltage and current 

 
Figure 5.8 Power factor 

 
Figure 5.9 Three phase active and reactive power 

 
Figure 5.10 DC Voltage 

 

6. Conclusion  

This paper presents a modified control scheme to 

compensate a distribution feeder loading with 
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non-linear loads. The compensation consists of 

three main objectives that are i) regulation of real 

powers delivering to loads, ii) regulation of DC link 

voltage to ensure PWM converter operation, and iii) 

correction of power factor. Modification of the 

control scheme made in this paper is to add the 

reactive power regulation into the control loop. With 

zero reactive power reference, unity power factor 

can be achieved. As a result, the modified control 

scheme can regulate DC link voltage and real power 

delivery at specified level while reactive power 

drawn from the load was cancelled by that injected 

from D-STATCOM. 

 

REFERENCES 
[1] H. Akagi, Instantaneous Power Theory and Applications to 

Power Conditioning, New Jersey, USA.: Wiley, 2007.  

[2] J. A. Momoh, Electric Power Distribution, Automation, 

Protection and Control, New York, USA: CRC Press, 2008.  

[3] N. G. Hingorani and L. GyuGyi, Understanding FACTS 

Concept and Technology of Flexible AC ransmission System, 

New York, USA.:IEEE Press 2000  

[4] A.E. Hammad, Comparing the Voltage source capability of 

Present and future Var Compensation Techniques in 

Transmission System, IEEE Trans, on Power Delivery . 

volume 1. No.1 Jan 1995.  

[5] M.Madrigal, E.Acha., “Modelling OF Custom Power 

Equipment Using Harmonics Domain Twchniques”,IEEE 

2000 

[6] R.Meinski, R.Pawelek and I.Wasiak, “Shunt Compensation 

For Power Quality Improvement Using a STATCOM 

controller Modelling and Simulation”, IEEE Proce, Volume 

151, No. 2, March 2004. 

[7] C. Schauder et al., “AEP UPFC project: Installation, 

commissioning and operation of the -160MVA STATCOM 

(Phase I),” IEEE Transactions on Power Delivery, vol.13, pp. 

1530–1535, Oct. 1998. 

[8] Papic, “Power Quality improvement using distribution static 

compensator with energy storage system,” Proceedings of 

9th International Conference on Harmonicsand. Quality 

Power, pp. 916–920, 2000. 

[9] O. A. Lara and E. Acha, “Modeling and analysis of custom 

power systems by PSCAD/EMTDC,” IEEE Transactions on 

Power Delivery, vol. 17, no. 1, pp. 266- 272, 2002. 

[10] Muni, T. V., & Lalitha, S. V. N. L. (2020). Implementation of 

control strategies for optimum utilization of solar 

photovoltaic systems with energy storage 

systems. International Journal of Renewable Energy 

Research, 10(2), 716–726. 

[11] Vijay Muni, T., Srikanth, K. S., Venkatesh, N., &Sumedha, 

K. L. (2018). A high performance hybrid MPPT control 

scheme for a grid connected PV system based three level 

NPCMLI. International Journal of Engineering and 

Technology(UAE), 7(2), 37–40. 

https://doi.org/10.14419/ijet.v7i2.20.11741 

[12] Ravi Kishore, D., Vijay Muni, T., & Srikanth, K. S. (2020). A 

novel power electronic-based maximum power point 

tracking technique for solar pv applications. In Lecture 

Notes in Electrical Engineering (Vol. 687, pp. 115–126). 

Springer Science and Business Media Deutschland GmbH. 

https://doi.org/10.1007/978-981-15-7245-6_10 

[13] Ravi Kishore, D., Chandra Sekhar, G., Prakash, R. B. R., & 

Vijay Muni, T. (2020). A novel power management scheme 

for distributed generators in a DC microgrid IOP: 

Conference series. In IOP Conference Series: Materials 

Science and Engineering (Vol. 993). IOP Publishing Ltd. 

https://doi.org/10.1088/1757-899X/993/1/012083 

[14] Sowmya, S., Sai Sri Vasthava, V. K., & Vijay Muni, T. (2019). 

Active filter control strategies for renewable power 

generation systems using ANN controller. International 

Journal of Innovative Technology and Exploring 

Engineering, 8(5), 690–696. 

[15] Shabnam, P., Priyanka, A. K., Vijay Muni, T., & Rajasekhar, 

S. (2020). PID controller based grid connected wind turbine 

energy system for power quality improvement. Journal of 

Critical Reviews, 7(7), 31–35. 

https://doi.org/10.31838/jcr.07.07.06 

[16] Moulali, S., Vijay Muni, T., Bala Subrahmanyam, Y., 

&Kesav, S. (2018). A flying capacitor multilevel topology for 

pv system with apod and pod pulse width 

modulation. Journal of Advanced Research in Dynamical 

and Control Systems, 10(2), 96–101. 

[17] Harshith, I., Raj, B. P., Raja Sekhar, G. G., & Muni, T. V. 

(2019). A novel methodology for single phase 

transformerless inverter with leakage current elimination 

for pv systems application. International Journal of 

Innovative Technology and Exploring Engineering, 8(6), 

1017–1021. 

[18] Mounika Muppavarapu, G G Rajasekhar, T Vijay Muni, R B 

R Prakash. ENHANCEMENT OF POWER QUALITY IN A 

GRID CONNECTED UDE BASED PV INVERTER. JCR. 2020; 

7(2): 340-343. doi:10.31838/jcr.07.02.65 

[19] R Sai Chandan, T L Sai Kiran, G Swapna, T Vijay Muni. 

“Intelligent Control Strategy for Energy Management 

System with FC/Battery/SC”,  JCR. 2020; 7(2): 

344-348. doi:10.31838/jcr.07.02.66 

 

https://doi.org/10.14419/ijet.v7i2.20.11741
https://doi.org/10.1007/978-981-15-7245-6_10
https://doi.org/10.1088/1757-899X/993/1/012083
https://doi.org/10.31838/jcr.07.07.06
http://dx.doi.org/10.31838/jcr.07.02.65
http://dx.doi.org/10.31838/jcr.07.02.66

