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Abstract

A Static Compensator (STATCOM) is a flexible ac transmission system (FACTS) controller, which can either absorb or deliver
reactive power to a power system. Distribution Static Compensator (DSTATCOM) is proposed for compensation of reactive
power and unbalance caused by various loads (Sensitive and Non-Linear Loads) in distribution system. Distribution static
compensator is based on the VSC principle. A D-STATCOM injects a current into the system to correct the voltage sag, swell
and power factor. Distribution Static Synchronous Compensator (D-STATCOM) is an effective measure to maintain voltage
stability and improve power quality of distribution system. An LCL filter has been used at the front end of a voltage source
inverter (VSI), which provides better switching harmonics elimination while using much smaller value of an inductor as
compared with the traditional L filter. A capacitor is used in series with an LCL filter to reduce the dc-link voltage of the
DSTATCOM. This consequently reduces the power rating of the VSI. With reduced dc-link voltage, the voltage across the shunt
capacitor of the LCL filter will be also less. It will reduce the power losses in the damping resistor as compared with the
traditional LCL filter with passive damping. Therefore, the proposed DSTATCOM topology will have reduced weight, cost,
rating, and size with improved efficiency and current compensation capability compared with the traditional topology. This paper
deals with the modeling and control scheme of D-STATCOM. In this project by analyzing the different control techniques for
designing the DSTATCOM & implementing the algorithm which will help in to design the model & working of DSTATCOM in
MATLAB/Simulink for the required result.

Keywords: Distribution System, Power Quality, Custom Power Device, Shunt Compensation Device, Distribution Static
Compensator (D-STATCOM), Voltage Source Converter (VSC)

I. INTRODUCTION

A. Need for Study

As commercial and industrial customers become more and more reliant on high-quality and high-reliability electric power.
Insufficient power quality can be caused by failures and switching operations in the network, which mainly result in voltage dips,
interruptions, transients and network disturbances from loads that mainly result in flicker i.e. fast voltage variations, harmonics,
and phase imbalance. Momentary voltage sags and interruptions are by the most common disturbances that adversely impact
electric customer process operations in large distribution systems. 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. The most common power quality problems today are voltage sags, voltage swell, harmonic distortion and low power
factor. Momentary voltage sags and interruptions are by far the most common disturbances that adversely impact electric
customer process operations in large distribution systems. In fact, an event lasting less than one-sixtieth of a second (one-cycle)
can cause a multimillion-dollar process disruption for a single industrial customer. Several compensation devices are available to
mitigate the impacts of momentary voltage sags and interruptions. When PQ problems are arising from nonlinear customer loads,
such as arc furnaces, welding operations, voltage flicker and harmonic problems can affect the entire distribution feeder. Several
devices have been designed to minimize or reduce the impact of these variations. The primary concept is to provide dynamic
capacitance and reactance to stabilize the power system. This is typically accomplished by using static switching devices to
control the capacitance and reactance, or by using an injection transformer to supply the reactive power to the system.

#. Objectives

This paper presents the operating principle of DSTATCOM. It is nothing but a STATCOM but used at the Distribution level.
The key component of the DSTATCOM is a power VSC that is based on high power electronics technologies as shown below,
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Fig. 1: General Structure of D-STATCOM

A D-STATCOM (Distribution Static Compensator) is a shunt voltage controller, which is schematically depicted in Figure-1,
consists of a two-level Voltage Source Converter (VSC), a dc energy storage device, a coupling transformer connected in shunt
to the distribution network through a coupling transformer. The VSC converts the dc voltage across the storage device into a set
of three-phase ac output voltages. 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 D-STATCOM and the ac system. Such configuration allows the device to absorb or
generate controllable active and reactive power. The VSC connected in shunt with the ac system provides a multifunctional
topology which can be used for up to three quite distinct purposes:

1) Voltage regulation and compensation of reactive power;

2) Correction of power factor; and

3) Elimination of current harmonics. Here, such device is employed to provide continuous voltage regulation using an
indirectly controlled converter.

The shunt injected current Ish corrects the voltage sag by adjusting the voltage drop across the system impedance Zth. The
value of Ish can be controlled by adjusting the output voltage of the converter. It may be mentioned that the effectiveness of the
D-STATCOM in correcting voltage sag depends on the value of Zth or fault level of the load bus. When the shunt injected
current Ish is kept in quadrature with VL , the desired voltage correction can be achieved without injecting any active power into
the system. On the other hand, when the value of Ish is minimized, the same voltage correction can be achieved with minimum
apparent power injection into the system.

DSTATCOM is a shunt-connected custom power device, the primary aims of which are listed below.

1) Power factor correction.

2) Current harmonics filtering.
3) Load DC offset cancellation.
4) Load balancing.

It can also be used for voltage regulation at a distribution bus. Being an active filtering device connected in shunt with the
harmonic-producing load, DSTATCOM is often referred as shunt or parallel active power filter. It consists of a voltage-source
PWM converter equipped with a dc capacitor as storage element, interface inductor and if necessary a matching transformer as
shown in Fig. 2.
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Fig. 2: Basic configuration of DSTATCOM.
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C. Voltage Source Converter (VSC)

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 completely replace the voltage or to inject the ,,missing voltage™. The ,,missing
voltage™ is the difference 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 sag/swell mitigation, but also for other power quality
issues, e.g. flicker and harmonics.

. Energy Storage Circuit
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Fig. 3: Circuit Diagram of DC Storage

From fig 3. DC source is connected in parallel with the DC capacitor. It carries the input ripple current of the converter and it is
the main reactive energy storage element. This DC capacitor could be charged by a battery source or could be recharged by the
converter itself.

Il. LITERATURE REVIEW

Compensation of sinusoidal or non-sinusoidal load currents with DSTATCOM process was elaborated by C.N Bhende et al [2].
In this process, simultaneous correction of power factor to unity takes place. They also discussed about the three level inverter
state space model of the compensator , which can be used for application of high power level and reduce the source currents
THD. Three leg VSC with a T-connected transformer based three phase four wire DSTATCOM was analyzed by Bhim Singh et
al [3]. By this neutral current compensation and reactive power compensation obtain the harmonic elimination and load
balancing. Source to neutral currents has been mitigated by the T-connected transformer.

Four leg VSC hased DSTATCOM system has been explained by Shivkumarlyer et al [5]. As per them the VSC is being
connected through step down transformer to the distribution system. Injected currents cancellation due to DSTATCOM as a
result of which the transformer does not saturate.

Voltage control DSTATCOM was elaborated by Mohammad A. Eldery et al [4]. They found that by the utilization of current
or voltage source inverters in adjustable speed drives the stability boundaries may be improved. DSTATCOM DC Link capacitor
value is controlled as a voltage source from that stability boundaries are less affected.

DSTATCOM rating reduction procedures are discussed by Bhim Singh et al [6]. According to them in addition to the cost
reduction it also gives freedom to operate with high power and high PWM switching frequency based power electronic devices
like IGBT etc. Multilevel Inverter with non stiff source based DSTATCOM was analyzed by AnshumanShukla et al [7]. Two
multilevel inverters viz. FCMLI and DCMLI were considered. A compensating technique like state feedback control has been
applied for DSTATCOM. It can supply source currents and terminal voltages with balanced and distortion free. Multilevel
inverter is operated with an efficient switching strategy. Tracking the reference ensures an efficient utilization of all output
voltage states of the inverter.

A DSTATCOM compensation schemes for various loads in distribution systems was proposed by Bhim Singh and Jitendra
Solanki [8]. According to them the evaluation of reactive power theory, synchronous reference frame theory and a new adaline
based algorithms can derive reference limits for a DSTATCOM.

A two level and a dynamic HVC based DSTATCOM have been proposed by ZhikangShuai et al [9]. They observed that
optimal reactive power capacity of each HVC and realize optimization in economy and effect can be obtained by two level
collaborative optimization methods based multigroup HVCs.

G. Ledwich and A.Ghosh [10] was explained a distribution static compensator which can be operated with flexibility in the
voltage and current control mode. In view of them the balanced sinusoidal voltage can be supplied by DSTATCOM to
distribution bus in voltage control mode, distortions caused by the load can be cancelled; through that compensated load currents
are purely balanced and sinusoidal. Above objectives are achieved even unbalances and harmonic distortions in load currents or
source voltages. Three single phase voltage source inverters connected in parallel to a filter capacitor included for selected
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DSTATCOM. To pass the high frequency components of the current a suitable controlled switching scheme is provided. The
scheme can allow and give better performance for above DSTATCOM topology.

Active filter and/or a static compensator new reference currents generation approach was presented by ArindamGhosh and
Avinash Joshi [11]. They explained that the connection of compensator with load can be assumed either in star or delta fashion.
The load may be unbalanced and also it draws harmonic currents. This compensating scheme purpose is to balance the load and
make the power factor of supply to a desired value.

I1l. SYSTEM DEVELOPMENT

A three-phase equivalent circuit diagram of the proposed DSTATCOM topology is shown in Fig. 1. It is realized using a three-
phase four-wire two-level neutral-point-clamped VSI. The proposed scheme connects an LCL filter at the front end of the VSI,
which is followed by a series capacitor Cse. Introduction of the LCL filter significantly reduces the size of the passive
component and improves the reference tracking performance. Addition of the series capacitor reduces the dc-link voltage and,
therefore, the power rating of the VSI. Here, R1 and L1 represent the resistance and inductance, respectively, at the VSI side; R2
and L2 represent the resistance and inductance, respectively, at the load side; and C is the filter capacitance forming the LCL
filter part in all three phases. Adamping resistance Rd is used in series with C to damp out resonance and to provide passive
damping to the overall system. VSI and filter currents are ifla and if2a, respectively, in phase-a and similar for other phases. In
addition, voltages across and currents through the shunt branch of the LCL filter in phase-a are given by vsha and isha,
respectively, and similarly for the other two phases. The voltages maintained across the dc-link capacitors are Vdcl = Vdc2 =
Vdcref.

The DSTATCOM, source, and loads are connected to a common point called the point of common coupling (PCC). Loads
used here have both linear and nonlinear elements, which may be balanced or unbalanced. In the traditional DSTATCOM
topology considered in this paper, the same VSI is connected to the PCC through an inductor Lf [12]. In the LCL filter-based
DSTATCOM topology, an LCL filter is connected between the VSI and the PCC [13]. Fig.4. Shows the controller block diagram
according to that, we obtained several equations.
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Fig. 4: Controller block diagram.

Here is nonstiff, the direct use of terminal voltages to calculate reference filter currents will not provide satisfactory
compensation. Therefore, the fundamental positive sequence components of three-phase voltages are extracted to generate
reference filter currents (i#f2a, i#f2b, and i+f2c) based on the instantaneous symmetrical component theory [27]. These currents
are given as follows:

i*f2a =ila— ixsa = ila— v+ tal A+1 (Plavg + Ploss)
i*f2b =ilb—i *sb = ilb— v+ tb1 A+ 1(Plavg + Ploss)
i*f2c =ilc—i *sc = ilc— v+ tc1 A+1(Plavg + Ploss) Q)

Where v+ tal, v+ tbl, and v+ tcl are fundamental positive sequence voltages at the respective phase load terminal, and A+ 1
= (v+ tal)2 + (v+ tb1)2 + (v+ tc1)2. The terms Plavg and Ploss represent the average load power and the total losses in the VSI,
respectively. The average load power is calculated using a moving average filter for better performance during transients and can
have a window width of half-cycle or full cycle depending upon the odd or odd and even harmonics, respectively, present in the
load currents. At any arbitrary time t1, it is computed as follows:

The total

Plavg == [" (vtaila + vtbilb + vtcilc) dt @)
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IV. DSTATCOM PARAMETER DESIGN

The dc bus voltage and interfacing filter values of the traditional DSTATCOM are calculated based on the procedure outlined in.
For a supply voltage of 230 V, a load rating of 10 kVA, a maximum switching frequency of 10 kHz, and a ripple current of 1 A
(5% of the rated current), the dc-link voltage and interfacing inductor values are found to be 520 V and 26 mH, respectively. For
the LCL filter based DSTATCOM topology, the dc bus voltage and filter parameters are chosen for the same set of design
requirements [10], [11],[14]. The single-phase equivalent circuit diagram of the passive filter of the proposed scheme connected
to the PCC is shown in Fig. 3. The term uVdc represents the inverter pole voltage with u as a switching variable having a value
of +1 or —1 depending upon the switching states. The procedure to design the filter parameters is given here in detail.

A. Reference DC-Link Voltage Vdcref

The voltage across the dc capacitor is a source of energy and is selected to achieve good tracking performance. Here, the use of a
series capacitor and a small filter inductor has enabled a significant reduction in the dc-link voltage. In present case, a dc-link
voltage of 110 V is chosen, which is found to provide satisfactory compensation.

8. Design of LCL Filter Parameters

While designing suitable values of LCL filter components, constraints such as cost of inductor, resonance frequency fres, choice
of damping resistor Rd, and attenuation at switching frequency fsw should be considered [10], [12]. Consider only L1 of the
passive filter, as shown in Fig. 3, is used. The value of inductance L1 is chosen from a tradeoff, which provides a reasonably high
switching frequency and a sufficient rate of change of the filter current, such that the VSI.

V. CONCLUSION

In this paper, design and operation of an improved hybrid DSTATCOM topology is proposed to compensate reactive and
harmonics loads. The hybrid interfacing filter used here consists of an LCL filter followed by a series capacitor. This topology
provides improved load current compensation capabilities while using reduced dc-link voltage and interfacing filter inductance.
Moreover, the current through the shunt capacitor and the damping power losses are significantly reduced compared with the
LCL filter-based DSTATCOM topology. These contribute significant reduction in cost, weight, size, and power rating of the
traditional DSTATCOM topology.

REFERENCES

[1] S. Ostroznik, P. Bajec, and P. Zajec, “A study of a hybrid filter,” IEEE Trans. Ind. Electron., vol. 57, no. 3, pp. 935-942, Mar. 2010.

[2] A. Ghosh and G. F. Ledwich,Power Quality Enhancement Using Custom Power Devices.. Norwell, MA, USA: Kluwer, 2002.

[3] H.Hu, W. Shi, Y. Lu, and Y. Xing, “Design considerations for DSPcontrolled 400 Hz shunt active power filter in an aircraft power system,” IEEE Trans.
Ind. Electron, vol. 59, no. 9, pp. 3624-3634, Sep. 2012.

[4] B. Singh and S. Arya, “Back-propagation control algorithm for power quality improvement using DSTATCOM,”IEEE Trans. Ind. Electron., vol. 61, no. 3,
pp. 1204-1212, Mar. 2014.

[5(] M. Singh, V. Khadkikar, A. Chandra, and R. Varma, “Grid interconnectionof renewable energy sources at the distribution level with
powerqualityimprovement features,” IEEE Trans. Power Del., vol. 26, no. 1,pp. 307-315, Jan. 2011.

[6] S. Srikanthan and M. K. Mishra, “DC capacitor voltage equalization inneutral clamped inverters for DSTATCOM application,” IEEE Trans. Ind.Electron.,
vol. 57, no. 8, pp. 2768-2775, Aug. 2010.

[7] H. Akagi and K. Isozaki, “A hybrid active filter for a three-phase 12-pulsediode rectifier used as the front end of a medium-voltage motor drive,”[EEE
Trans. Power Electron., vol. 27, no. 1, pp. 6977, Jan. 2012.

[8] S. Karanki, N. Geddada, M. K. Mishra, and B. Kumar, “A DSTATCOMtopology with reduced dc-link voltage rating for load compensation withnonstiff
source,” IEEE Trans. Power Electron., vol. 27, no. 3, pp. 1201-1211, Mar. 2012

[9] K. Karanki, G. Geddada,M. K.Mishra, and B. Kumar, “A modified threephasefour-wire UPQC topology with reduced DC-link voltage rating,”IEEE Trans.
Ind. Electron., vol. 60, no. 9, pp. 3555-3566, Sep. 2013.

[10] O. Vodyakho and C. Mi, “Three-level inverter-based shunt active powerfilter in three-phase three-wire and four-wire systems,” IEEE Trans.Power
Electron., vol. 24, no. 5, pp. 1350-1363, May 20009.

[11] Q.-C. Zhong and T. Hornik, “Cascaded current—voltage control to improvethe power quality for a grid-connected inverter with a local load,” IEEETrans.
Ind. Electron., vol. 60, no. 4, pp. 1344-1355, Apr. 2013.

[12] U. Rao, M. K. Mishra, and A. Ghosh, “Control strategies for load compensationusing instantaneous symmetrical component theory under differentsupply
voltages,” IEEE Trans. Power Del., vol. 23, no. 4, pp. 2310-2317,0ct. 2008.

[13] M. K. Mishra and K. Karthikeyan, “An investigation on design and switchingdynamics of a VSI to compensate unbalanced and nonlinear loads,”IEEE
Trans. Ind. Electron., vol. 56, no. 8, pp. 2802-2810, Aug. 2009.

[14] N. Mohan and T. Undeland, Power Electronics: Converters, Applications,Design. Hoboken, NJ, USA: Wiley, 2007.

[15] M. Hanif, V. Khadkikar, W. Xiao, and J. Kirtley, “Two degrees of freedomactive damping technique for LCL filter-based grid connected PVsystems,”
IEEE Trans. Ind. Electron., vol. 61, no. 6, pp. 2795-2803,Jun. 2014.

All rights reserved by www.ijirst.org 74



