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Abstract

Due to complexity of electrical power system netvvork, the assurance of uninterrupted

supply of electrici,ty and quality power has become the main challenge for the

diiiribution system. The fluctuation of system voltage, frequency as well as real and

reactive power hampers the system stability which jeopardizes uninterrupted supply of
electricity to the consumers. Utility distribution netvvorks, sensitivity industrial loads and

critical commercial operations suffer from various types of outages and service

interruptions which can cost significant financial losses. The voltage sag and swell are

the most important power quality problems which are seen in industrial and commercial

installations. For improving power quality at the distribution network, various FACTS

(/texible AC transmission system) deyices like D-STATCOM (dynamic static synchronous

compensator), DI/R (dynamtc voltage restorer), SVC (static YAR compensator) and

others are used. The D-STATCOM (distribution static compensator) is now replacing

other FACTS devices in the distribution system for its better performance than others.

The D-STATCOM has the capability of instantaneous system voltage improvement in

case of voltage sag andflicker within the distribution system. The design of the control
system is the main aspect of the D-STATCOM. In this paper, a 6 pulse D-STATCOM

model is designed and simulated by using PSCAD/EMTDC for improving of distribution

system stability by mitigation of uoltage dips. The PI controller is used for controlling the

voltage and reactive power flow to and from the DC capacitor of the D-STATCOM. The

PLL (phase locked loop) is usedfor controlling the gate triggering pulses ofIGBT based

VSC (voltage source converter) of the D-STATCOM by using PWM (pulse width

modulation)

Keywords: Voltage dip; Power quality; FACTS; D-STATCOM; PSCAD/EMTDC.

1.0. Introduction

. The power quality is the main concern of the modern power system network. In order to

supply quality power to the consumers, it is required to keep the system voltage and frequency within

the permissible limit. Even minor lapses in quality power causes instability and intemrption in the

system which leads to large financial losses in industries and manufacturing units (Zhang et al.,

2006). One of the most common power quality problems of today is voltage dips. A voltage dip is

caused by a fault in the utility system, a fault within the customer's facility or a large increase of the

Sonargaon University Journal Vol. 1, No. I 47

r



STATCOM Model for Restoration of Distribution System Stability

load current, like starting a motor or energizing a transformer (Dugan et al., 2006). The voltage dip is

the reduction ofvoltage caused by short circuits, overloads, and starting oflarge motors and inducing

direct lightning strokes within short time (Dugan et al., 2006). The voltage dip mainly causes

problems in adjustable-speed drives, process control equipment and other devices at consumer

premises. According to the IEEE standard 1159, the voltage dip is a reduction in the rms value in the

range of 0. 1 and 0.9 per unit for the rated voltage and its duration from 0.5 cycles to I minute (Dugan

et al., 2006, Padiyar et al., 2007). The voltage swell is much less common than voltage dips and its

effect in power system is usually not severe. The most common fault in power system is the single

line-to-ground. During a single line-to-ground fault, the voltages on the un-faulted phases increase

due to the zero-sequence impedance (Zhang et a1.,2006). In an ungrounded system, the voltage on

the un-faulted phase can be as high as 173%o of the rated system voltage (Munoz et a1.,2007).In case

of single line to ground fault, high current causes voltage drop in the network impedance (Zhang et

a1.,2006, Dugan et a1.,2006).

Utilities often focus on disturbances from end-user equipment as the main power quality

problems. If the economic losses due to voltage dips are significant, mitigation actions can be

profitable for the customer and even in some cases for the utility (Singh et a1., 2008). Since there is

no standard solution which will work for every site, each mitigation action must be carefully planned

and evaluated. There are different ways to mitigate voltage dips, swell and intemrptions in

transmission and distribution systems. Various FACTS (flexible AC transmission system) devices

which use power electronics components can be utilized power quality improvement (Dinavahi et a1.,

2004). Among these, D-STATCOM (distribution static compensator) and DVR (dynamic voltage

restorer) are most effective devices, both of them based on the VSC (voltage source converter)

principle (Singh et a1., 2008, Dinavahi et a1.,2004). 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 converter comprises of solid state electronic devices and DC voltage

source ge4erally capacitor. The VSC is not only used for voltage dip mitigation, but also for other

power quality issues like flicker and harmonics (Dinavahi et a1.,2004).

1.1. D-STATCOM and DVR in Distribution System

The component of an electrical power system connecting all the consumers in an area to the

bulk power sources is called a distribution system (Mitra et al., 2008). The electricity distribution

system is the final stage in the delivery of electricity to end users. A distribution system network
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generally, carries electricity from the transmission system and delivers it to consumers. Typically, the

network would include medium voltage power lines, substations and pole-mounted transformers,

low-voltage distribution wiring, meters and protection equipment (Singh et a1.,2006). The diagram

of a simple distribution network is shown in Fig. 1. The variation in system load causes voltage dip

and voltage flicker in the distribution system which also changes system frequency and power (Mitra

et a1., 2008). These create unbalance in the overall distribution system which hampers the

unintemtpted supply of electricity to the consumer premises. The feeding of green electricity to the

national grid also hampers the power quality and system reliability due to intermittent nature of

renewable energy sources (Singh et al., 2008). The reactive power compensation is the most effective

way for restoring system stability. The static var compensator and capacitor bank are two commonly

used techniques for ensuring power quality in distribution system. The D-STATCOM and DVR are

now replacing the conventional FACTS compensator due to their better performance in system

stability (Han et a1., 2008).
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Fig. 1. Distribution Network.

1.2. D-STATCOM

.fhe n-StetCOM is a three phase and shunt connected power electronics based reactive

power compensation equipment, which generates and absorbs the reactive power according to the

system's requirement in order to maintain control of specific parameters of the electric power system

(Dinavahi et a1.,2004).In its most basic form, the D-STATCOM configuration consists of a VSC, a

dc energy storage device, a coupling transformer connected in shunt with the ac system and

associated control circuits. The Fig. 2 shows the basic configuration of D-STATCOM. The VSC
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converts the dc voltage across the storage device into a set ofthree-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 D-STATCOM output voltages

allows effective control of active and reactive power exchanges between the D-STATCOM and the

ac system (Han e.t a1.,2008)

Bl*frfrufi*

C.arylirg Tnnrlx:r

I}STATCOTT,I vsc

DCErcrgrSiorq;

Fig. 2. Basic Configuration of D-STATCOM.

The main function of the D-STATCOM is to regulate the bus voltage by absorbing or

generating reactive power to the network. This reactive power transfer is done through the leakage

reactance of the coupling transfomer by using secondary voltage in phase with the primary voltage

(Singh et a1.,2006). The D-STATCOM acts like a capacitor generating reactive power to the bus. In

steady state, the bus voltage always leads the inverter voltage by a small angle in order to supply a

small active power. The D-STATCOM basically consists of a coupling transformer with a leakage

reactance, a VSC with three phase GTO/IGBT and a DC capacitor (Padiyar et a1.,2007). The AC

voltage difference across the leakage reactance power exchange between the D-STATCOM and the
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Fig.3. Equivalent Circuit of D-STATCOM.
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t

power systcm, suchthatthe ac v{rltages atthe bus bar canbe regulatodto iryrovc fu volhgppmffic

of the power system, which is primary &dy ofthe D-STATCOM (Hossain ct aL,2I)0?).

The D-STATCOM not onlymitigates voltage dips br$also irqroves systemporvmfuCIrmd

voltage regulation- Ofter power quatity issues like voltage flicker and harmnics cm also he

sliminal€d by using D-STATCON{ (Munoz d. aL, ?-0iiII)Ifu equivalent circuit of D-Sll[Tfl)ItA is

shown in Fig. 3. From the figure abovg the active and reactive power can be calculdd by followiag

equations (Singh et al., 2008, Hosssain etaL,2007):

, = {o Yo'}"io * (rl1& t

o=(Y)-(@rJ*.* {z}

13. DVR

The DVR is a FACTS conkoller ltat is commonly used voltage sag mitigation dtrepofoil

of connection of the disfibution system (Padiyar d aL,?-N7\. The rnin concept offre DVR consis

of an injection kansforrer, harmonic filter, VSC and an em€rgency storage etd coffiol qMENn- kr

case of DV& the coqling transforrer is connectd in ssrics with fte ac rystein (IIan et aL, zfr)E)-

The Fig. 4 shows the basic configuration of fte DVR The VSC generata a three phase l\C o&ril
voltage which is contollable in phase and magninde- These voltages are iqiectd into the rc

distribution system in order to traintain fi6 load voltage at the desired voltage referace. Tlrc main

function of the DVR is to nitigat€ the voltage sag br$ it can be used for hmmonics and rmctive

power coryensation @hattacharya et aL, 2008).

IlLd'rer 3,frn-*ffipkrf

SaNfhrhd

CrqtlirgTrrxl-r

D?X. YCC

DCfrrr1prSrrya

FA" 4" Basic Configurarion of the DVR.
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ZLiu,
--r Im

Zurl

Fig. 5. Equivalent circuit of DVR.

The Thevenin's equivalent circuit of the DVR is shown in the Fig. 5 with system impedance

Ztrdepends on the fault level of the load bus. When the system voltage (Vtr,) drops, the DVR injects a

series voltage Vovx through the injection transformer so that the desired load voltage magnitude Vr

can be maintained. The series injected voltage of the DVR can be written as (Dugam et al., 2006,

Shukla et al., 2006),

{:r'r = q. + frhJr+ lih

5pl.e = Fgr,,* *Jr

2.0. D-STATCOM and Power QuatitY

The change in system voltage, frequency and power factor occur due to change in load in

distribution system. The change in system voltage also causes change in real and reactive power

factor of the overall distribution network which hampers the operation of load at the consumer

premises. The voltage dips is one of the most common problem of variation of system load in

distribution system (Bhattacharya et al., 2008). Many electrical machines can easily ride through

short term voltage dips (which can be a single or three phase dip, single phase being the most

common) (Hossain et al., 2007). The consequence is a widespread failure of many types of

equipment with shortened lifetime of machines. Moreover, the long-term voltage dips may trip or

shutdown generators in power station (Haque et a1., 2001). According to the National Electric

Machineq Association (NEMA) MGI-1993 standard, the voltage imbalance for induction machines

should be kept less than 1% (Munoz et a1.,2007). However due to voltage variation in the electrical

network may cause 3% unbalance for induction machines (Bhattacharya et al., 2008).

Harmonics in the power network are caused by the presence of non-linear loads which can

produce significant 3'd, 5th, 7rh, and 1|th harmonics (Mitra et a1., 2008; Haque et a1., 2001)' Harmonics

have a number of deleterious effects on the power system are capacitors on the network draw
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excessive curents that can lead to damage, system resonance may occur which can result in over-

voltages and disrupt distribution and transmission equipment, excessive losses occur in transformers,

commutation failure of converters and low system power factor (Singh et al., 2006). The variation of

system load causes change in power factor which results in variation of system voltage at the

consumer end (Han et a1., 2008). The poor power factor means very poor utilization of the power

network infrastructure (Shukia et a1.,2006). However, by using suitable FACTS devices for reactive

power compensation can control the variation of system voltage within the permissible limit (Haque

et al., 2001). This will also eliminate the effect of harmonics due to rapid switching of connected

load and generators (Dugam eta1.,2006, Singh et a1.,2006).

Utility and customer-side disturbances result in terminal voltage fluctuations, transients, and

waveform distortions on the eleckic grid. Power electronic controllers for distribution systems,

namely custom power devices, are able to enhance the reliability and quality of power that is

delivered to customers (Zhang et al., 2006). Durrng the transient conditions the D-STATCOM

provides leading or lagging reactive power to active system stability, power factor correction, load

balancing and harmonic compensation of a particular load (Padiyar et al. 2007; Munaz et al., 2007).

The D-STATCOM has emerged as a promising device to provide not only for voltage dip mitigation

but also for power quality solutions such as voltage stabilization, flicker suppression, power factor

correction and harmonic control (Singh et a1., 2008). The D-STATCOM has additional capability to

sustain reactive current at low voltage, reduce end use and can be developed as a voltage and

frequency support by replacing capacitors with batteries as energy storage (Dinavahi et a1.,2004).

3.0. D-STATCOM Model and Simulation Results

A simple 6 pulse D-STATCOM model is created by using PSCAD/EMTDC which is shown

in the Fig. 6. The model comprises of a capacitor as dc source and a 6-pulse thyristor based bi

directional converter which is connected to a distribution bus of 415 V having an ac source of

generating voltage of 41 5 V and a load of 88 MVA. The bus is grounded through a reactance where

short circuit fault is considered to be occurred. The PLL (phase locked loop) and comparator are used

for generation of triggering pulses by synchronizing triangular waveform with system ac voltage.

The PI controller based control loop is used for controlling system voltage error by means of angle

and phase matching. The voltage control loop is shown in Fig. 7. The pulse width modulation

technique is used for generating gate pulses of thyristors by comparing triangular waveform with

system ac voltage. The Fig. 8 shows the pulse width modulation technique for generation of gate

pulses (Lara et al., 2002). The overall simulation can be divided into following operating conditions:-t
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voltage, active and reactive power of the overall distribution system. The graph I shows the rms

voltage, phase angle and voltage error of the load. Whereas the graph 2 shows dc voltage, active and

reactive powers ofthe bus after occurrence ofthree phases to ground fault at the bus end. It can be

observed from the waveforms of Fig. 9 and l0 that the D-STATCOM restores the system parameters

like system voltage, active and reactive power after increment of load and clearance of three phase to

ground fault. The sudden voltage dip and flicker can be restored by D-STATCOM.

Fig. 8. Voltage Control LooP.
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Fig. 9. Pulse Width Modulation (PWM) Control.

Fig. 10. Rms and reference voltage and angle order of load.

Sonargaon University Journal VoL 1, No. I 56

'')
{l
I
1

'1

t
,|

+

l
r'!
I
J

+
I
'i
t

i
I

t,
"i
I

t)

I
i

:

I\
l
1

I

!

nl

I
i
.1

1
'I

.1
\
\

_-)

)
1

1
I

\
t-t

,g'ssrdffi*j
.. . ---,r.,.-..----.. I

r -t r -2l: l:t- ^, l- rt-
l- l-
lE v l- v.ts t! l
.,_0 r _0

'iiJ ': t.E :

:-#l-f
t^

T:msl

-',*":.-..
Vret ..

| - ---

,*:..'t-.
t: ?i

{ ,l

lR3mpinq 0IWet al i

Iae&sinniuot
i sirruadion l1i

1.?t

1.00

oia{,

za

10

c

o.60

4.00

.9.?o
ti,!o

. ooo,
-9.13
:o.2t
'-o.39
.o.40

re.e&x}
1

-?o

u

E

i $%

-l

\

396 Droop

Calorldidl

I

llax
]l!e odput ol Pl confol]er is

he n
t,

8

whge
FSTAICot4 fle s[i8

ddermines he diredioa

3od amcrnl ofed power

1ler.,

Coluersi{0 to

Filters:

low pass and

noti

Paramelefs ofPl
confdlerSlefvalues
treado$mal,fird

bc[er ones]



Fig. 11. DC Voltage, Active and Reactive Power of System Bus.

4.0. Conclusion

The system stability is the prime factor for providing quality power to consumers. The

FACTS devices like the D-STATCOM restore the system stability by retaining the system

parameters to its rated value during the variation of load in the distribution network. It can be

inferred from the simulated results that there is less deviation of system parameters from the rated

values due to have D-STATCOM. The D-STATCOM retains the system voltage stability by

preventing the voltage dip and swell as well as flickering by managing real and reactive power of the

simulated model of power system.

)
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