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Deregulation of the electric power energy markets hthrown open
opportunities for tapping the large number of snpadtkets of renewable
energy sources with the asynchronous generatoreth&h the power is
supplied by asynchronous generator or by the driiearemote location, its
quality has become an important aspect for conssimieelectricity. Efforts

have been made to improve the power quality usiggipe filters, active

filters and the new concept of Custom Power. Us€ustom power devices
Keyword: ensures that a load do not pollute the power supptpe other loads. One
such custom power device is the DSTATCOM (Distribati Static
Compensator) which is connected in shunt at the é&vatl The heart of the
' DSTATCOM is an inverter. The focus on the autonomgaseration has
Power Quality, increased in the recent years. The paper presartsprehensive review of
Symmetrical Components, the DSTATCOM used for autonomous generation. #imsed at providing a
PWM, broad perspective on the status of DSTATCOM, useth visynchronous
Hysteresis control, generators, vis-a-vis its working principle, topmjo supply system
Multi-pulse & multi-level configurations, solid state switching devices arethhology, control
control. methodologies and approaches, application areasDSTATCOM to
researchers and application engineers dealing pather quality aspects of
Autonomous Systems. Classified manner in which thEerences are
presented in this paper will serve them as quickuseful reference.

Autonomous Generation,
DSTATCOM,
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1. INTRODUCTION

The last few decades has seen ever increasing deimaanergy. This has caused fast depletion of
the conventional energy sources i.e. the fossil. flibis induced man to harness the renewable energy
available from nonconventional energy sources sagtsmall hydro, wind and bio-mass. Most of these
resources are available at remote locations and sitall capacity. This required that the generair
rugged, requiring less maintenance, low cost arallsand efficient machine. One generator which afledf
the requirements is the induction generator [1]rtlkar deregulation of power system has allowed
autonomous generation of electrical energy [2]-[Jlus autonomous asynchronous generator (AAG) with
its excitation requirement being met by a capadink connected across its terminals [4]-[9], hexsoime a
compatible option. However the poor voltage andqdency regulation is a major bottleneck in its
commercialization. This has led to a number ofraptis to investigate the voltage and frequency cotiets
for constant [10]-[16], as well as variable powepl&cations [17]-[19]. The reported controllers popt
either three phase 3-wire or three phase 4-wireBys The later catering for single phase loads als
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2. STATEOF ART

The concept of compensation of the distributiontespswas arrived at, from the desire of the
consumers of electricity to get quality power. Thas been extended to autonomous power system wher
the distribution system is directly connected to@stead of being connected to the utility suppigtem.
The state of art, load equipments are more seasitioower quality variations than their earliersiens.
The increased competiveness has led to desireidbeihefficiency, which in turn brought in the pawe
electronics controllers for the drives [20]. Thiashresulted in increased harmonic level on the pey&em.
The present scenario has made the end users beunoreeconscious of the power quality issues [21]-[30
Early power quality addressing was done with pa&ssiters connected to PCC to filter out the hariasn
generated by a load. LR filters acted as seri¢gsr fdnd RC filters were used as shunt filters [3B}
Problems of fixed compensation, resonance with lsupgstem and limited flexibility forced them to be
replaced by active filters [34]-[37]. To compensthie harmonic distortions in voltage and currempt dbtive
filters are used in various configurations likeiegr shunt and a combination of both. These adiftars
suffered from a serious drawback, in that its gatias to be of nearly full capacity of the loadmd path
solution was then chosen in the form of hybridefiét [38]-[40]. This reduced the cost and improved
reliability.

Parallel to the above another group of engineedshbieen working on FACTS and STATCOM for
reactive power compensation of transmission libgawing from the experience of these people theeph
of custom power was proposed by N. G. Hingorani].[4lustom power device is a power electronics
controller used for power quality improvement ostdbution systems [42]-[47]. Its performance fawer
quality improvement is widely reported for both Aabmous and Grid connected distribution systems.

The compensating devices, either compensates a(icaccorrects its pf), or improves the supplied
voltage. These devices are either connected int ghin series or a combination of both. They are :

(1) Distribution STATCOM or DSTATCOM

(2) Dynamic Voltage Restorer (DVR)

3) Unified Power Quality Conditioner (UPQC)

The DSTATCOM is connected parallel to the load amdhunt to the power system [48]. The
DVRs are connected in series with the power sufipbs. They add a voltage to the supply voltagectviis
opposite to the line voltage drop. There by dedngathe effective length of the line [49][51]. TREPQC is
a combination of both series and shunt compensators

In case of autonomous power systems the no loadrezgent of AAG of the reactive power is met
by the capacitor bank. However the additional igagtower requirement of the AAG on load and tHahe
load itself is supplied by the DSTATCOM to reguldte terminal voltage of the AAG. This is in corstra
with the DSTATCOM used with distribution systemsnnected to utility supply mains. A typical
autonomous power system with an AAG, an R-L loadl @D STATCOM is shown in Fig. 1.

" ASYNCHRONOUS
Isa PCC lla GENERATOR
Three phase I_Sb>/ \ E» PRIME
R-L Load
Is¢ \ MOVER

Brirer |

Figure 1. A typical autonomous power system.

With the deregulation of the power systems, theceph of distributed generation (DG) and
microgrid (MG) are gaining popularity. The DGs atite MGs are interfaced to the distribution system
through the power electronics VSIs. This solves ynah the problems of distribution systems. It also
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replaces by its functions many of the existing cengation devices, which in turn reduces the casthEr
the utility is not constrained to increase itsatlsd capacity [1], [52].

A comprehensive review of the DSTATCOM technologydaits development as applied to
Autonomous Generation are carried out in this drapthe present section has six subsections Viz. (i
working principle (ii) DSTATCOM topology (iii) sudp system configurations (iv) solid state switching
devices and technology (v) control methodologies @pproaches (vi) application areas of DSTATCOM.

3.  WORKING PRINCIPLE

The improvement of power quality is usually achebwéth a converter having a bridge structure.
Converters having DC voltage as source called geltsource inverter (VSI) are generally chosen lis t
purpose [53]. The use of current source invertewdver, is less reported [54]. The working prineipf the
DSTATCOM is similar to generic predecessor namély STATCOM. In its use as compensator of the
Autonomous Generation it acts in voltage regulatioode and force the voltage at the point of common
coupling (PCC) a balanced sinusoid. It generatestinee power and provides for the increased VAr
requirement of AAG on load together with the VAguérement of the load itself. In current control cheat
can compensate the distortion caused by the loddpegvent it from getting into the supply side @@®
[55]. Also the DSTATCOM with a battery source coatel on the DC side can perform load balancing and
load leveling [56]-[58].

4, DSTATCOM TOPOLOGY

Many VSI based topologies and configurations angormted in the state-of-art DSTATCOM
controller for Autonomous Systems. Multi-pulse andlti-level topologies are reported in the desidrthe
compensators [22] [59]. An basic six-pulse VSI Ingvihree legs with two valves per leg and an ebstatic
capacitor on the DC bus is illustrated in Fig. 2sé¥f-commutating switch with a reverse diode catee in
parallel make up each valve of the bridge. Usimgftindamental frequency switching modulation, tipgese
wave mode produces eight possible switching staibsrespect to the polarity of the DC voltage;{VThe
AC terminal then produces three quasi-square wawvefodisplaced successively by 120°. The Fig. 3vsho
the output voltage wave shapes obtained, which kaltage levels 0, V4/3 and_+2Vy/3 for phase to
neutral voltage and 0, ¥4, for line to line voltages. This produces unacabfg level of current harmonics
which interfere with the other loads connectedhtosystem. To reduce the THD to a value bel@nBEE
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Figure 2. A basic six pulse Voltage Source Inverte
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Figure 3. Wave shapes of inverter output for funelatal square wave type of switching.
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519 stipulation, multiple pulse converter topolagéee used which are achieved by combining a nushgr
N) of six-pulse converter units and triggering thahspecific displacement angles. The output ACef@m
from each unit is then electro-magnetically addéth an appropriate phase shift by inter-phase foangers
to produce a multi-pulse (6 * N pulses) wavefornhjah brings the output AC waveform more close ® th
sinusoidal wave and a decrease in THD [60].

However the increase in pulse order is associatéill an increase in the number of electronics
devices, magnetic and associated components. fidrsaises the cost of the converter as well asdressthe
switching losses. Further as multi-pulse conveiterslve complex series-parallel connection of sfanmer
windings/circuits multi-level configuration has lmeeeceiving increasing attention [61]-[66]. In nilgitel
topology, a synthesized staircase voltage wavefisriberived from several levels of DC voltage sosrce
obtained normally by using capacitor voltage sosirdeig. 4 shows the operation of multi level diode
clamped converter. A typical SVM technique is us$ed controlling the half bridge. Fig. 4(a) showsth
configuration of a three level half bridge. Fig(b} indicates voltage wave shape and the threageltevels.

DC BUS Vi

-l
Vas2L a2

IGBT2

Phase A
“V4c/2, 0, Vac/2 w.r.t. N

[+ Vg2

IGBT4 IGBT3

~—~
QD

) (b)
Figure 4. (a) Basic three level NPC VSI bridgeweater (b) PWM wave Shape
Fig. 5 shows the operation of multi level basedlgimg capacitor technique [64]. Fig. 5 (a) shows

the configuration of a phase half bridge of a thwel flying capacitor multilevel inverter (FMCIFig. 5 (b)
indicates voltage wave shape obtained from fivellsine-triangular modulations.

DC BUS

(b)

Figure 5 (a) Three-cell FCMI inverter topology (@age) (b) Voltage waveform of a
five-level sine-triangular modulation.

Cascaded H bridge inverter is another type of tewki inverter which can be used with advantage
[62]. The main advantages of multi-level convemisra-vis square-wave pulse converter are lowembarc
content, decreased device voltage stress and faderitigher converter voltage and thus higher powe
rating. As the compensation of autonomous systemaiigly a low voltage high power operation, an IGBT
bridge with PWM control provides an optimal solutio
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5. SUPPLY SYSTEM CONFIGURATIONS

The configuration of the distribution supply systefran Autonomous Power System is guided by
the type of load. Most loads on the distributiosteyn are single phase two wire loads. Others wigheh
power ratings are usually three phase loads whichbe a three wire type or a four wire type, hawng
neutral connection along with the three phases.yManee phase nonlinear loads like Adjustable Speed
Drives (ASDs) do not require a neutral connectiod are fed through a three phase three wire system.
While most domestic loads like computers, and iightoads are connected between one of the phasks a
the neutral.

5.1. DSTATCOM for two wire autonomous system:

A single phase DSTATCOM connected to twoeveingle phase Autonomous system
is shown in the Fig. 6. The loads of such a sysgkeoompensated by a single phase DSTATCOM, which is
usually a two leg bridge operating as a voltagers®weonverter with a capacitor on the dc-bus actiag
energy storage element [66]-[68].
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Figure 6. Single Phase DSTATCOM connected singiesp Autonomous system

5.2. DSTATCOM for three wire autonomous system:

A DSTATCOM connected to three phdsee wire Autonomous system is shown in Fig.
7. Adjustable Speed Drives (ASDs) are the majotiegions of three-phase three-wire converters.[6®F
low voltage applications, the DSTATCOM is usuallysiagle stage three legged voltage source converter
with a capacitor on the dc-bus acting as energyagtoelement [56]-[58]. In the case of higher aatbaus
distribution voltage and higher power handling adfya multi pulse VSI, multi level VSI, cascadedulti
level VSI are used [60]-[66].
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Figure 7. Three Phase Three Wire DSTATCOM connettedree phase three wire Autonomous system

5.3. DSTATCOM for four wire autonomous system

A typical three phase four wire DSTATCOM for antaaomous system is shown in Fig. 8. On the
load side a large number of single-phase loadss.eXihese loads are provided for using delta-star
transformers with the single-phase load connecttvden one of the phases and the neutral [70]. They
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cause excessive neutral current, harmonics injectieactive power burden and current unbalance. For
compensation of these problems, three-phase faer-edompensating devices are used [71]-[75]. For
developing such DSTATCOMS different configuratiarfsVSI having capacitor mid-point [64]-[66], three
single-phase H bridge VSI [55] [62], and four-p&i&I have been reported [71] [73] [75]. In the cade
capacitor mid-point VSI configuration, Fig. 8, taetire neutral current of the unbalanced load fltweugh

the dc bus capacitor. Hence such a configuraticuiisible for small to medium rating systems. la thse

of a four pole VSI configuration, Fig. 9, the fdurpole is used to generate current which is equodl a
opposite to the neutral current. Thus a highengats possible in this case. Three single phaseidit®
scheme provides an advantage of matching the \edtégr the solid state devices which leads to bette
reliability.

Isa, ~“pcc fla — .
% Isb, [ \ mb—|  LNEAR/
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3-phase
ac supply
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Figure 8. Three phase four wire autonomous systamexrted to DSTATCOM with neutral
connected to capacitor mid-point of VSI.
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Figure 9. Three phase four wire autonomous systamexted to DSTATCOM with four pole VSI.

6. DEVICESUSED FOR CONVERTERS

In power electronics circuits, various types of troltable solid state switches like the conventiona
thyristor, GTO, IGBT, IEGT, IGCT or GCT, BJT and MBBET [76]-[82] are used for voltage source
converter, current source converter etc. Operatihgracteristics like the switching frequency/speed,
switching losses, device rating, turn-on and tuifrebaracteristic, forward and reverse breakdowiages,
on-state voltage drop etc. varies from device taage The conventional thyristor is a mature tedbgyp for
SVC a second generation FACTS controller. It is smrcially available in very high power rating, liuhas
a few drawbacks like no turn-off capability, higtsponse time etc. So in earlier days BJT and MOSFET
were used in small ratings. The recent technolsgyfisolid-state controllable turn off switches wiietter
response time like GTO, IGBT, IGCT, etc [80]. Foyaarticular compensation situation a trade ofhade
between such parameters like drive circuit requénetnswitching frequency/speed, switching lossest of
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device, etc. GTO is a mature technology for higlv@oapplications like the STATCOM for transmission
lines. IGBTs are used for medium to small powerliappons and are used for in DSTATCOM catering for
the compensation of the Autonomous systems. Dtieefo high switching frequency and speed they aezu
in PWM based controller.

The value of Rand L connected in series with the VSI (Fig. 1) playsiportant role in the
implementation of the DSTATCOM. A large value ofiRtreases the losses in the DSTATCOM. A small
value of L switching ripples are injected into the PCC, ardrge value of Laffects proper tracking of the
compensating current close to the desired valugade off is made in the values of &and R to obtain the
optimum performance of the DSTATCOM. The VSI DG lmapacitor is another important parameter that
affects the performance of the DSTATCOM. A convehigmall capacitor causes ripples in the steadg sta
and wide fluctuations in dc-bus voltage under timmsconditions. A large capacitor on the other chan
reduces ripples and fluctuations in the DC busagdt but adds to the cost and size of the DSTATCOM.

7. CONTROL METHODOLOGIESAND APPROACHES

The heart of the DSTACOM used for compensationmoAatonomous Power system is its control
system and its response to the dynamic changesdbéid depends on the methodology used for its@lont
Based on the desired performance to be achievechvaie dependent on the operational requiremeys, t
of application, system configuration and loss optation, essential control parameters to be cdetipl
many control strategies of DSTATCOM power circui¢ @eported and are presented in [9-11] [15-19} [53
75]. The control of the DSTATCOM power circuit ireeral is achieved in four stages. The first stage
involves sensing the essential AC and DC voltagesaurrents using PTs, CTs, Hall-effect sensorsiaet
gather information about the dynamic conditionl toad and the system. Based on this informationes
signals are synthesized using techniques like grglgonous rotating axis transformation [83-84phha-
beta stationery reference frame transformations8fg5and so on in the second stage. A referenceabig
generated from this signal. Further the convert€ @utput voltage needs to be synchronized with the
Autonomous system voltage. A phase locked loop esegnlly used to gather phase and frequency
information of the fundamental positive sequencamponent of the system voltage. Then using the obntr
methodology, the compensating commands in termsuoknt or voltage levels are generated in theadthir
stage. The control methodology used in this stagelbe categorized into linear [83-86], nonlineat][&nd
special control techniques [87]-[89]. Then depegdim the device configurations of the VSI, the mgti
signal for the solid state devices of the VSI axedpced in the fourth stage.

The development of the compensating signals playmgrortant part in deciding the rating and
transient as well as steady-state performance ®DBTATCOM. The control methodologies used for
generation of the compensating commands genemaighie frequency domain and time domain control
techniqgues. DSTATCOM using the time-domain methodi@ls sense the time-domain signals of
instantaneous voltage and/or current vectors amtthegizes the d-q signals using the popular d-q
synchronous rotating axis transformation [83] 8][9Control techniques like PI or PID are then used
process the transformed signals to derive the cosgimg signals. In addition to this symmetrical
component transformation and unit vector contrel ssme of the other popular control schemes t@etxtr
the reference signals in time domain. In the PWMlenof control two popular control techniques, votta
control (VC) and current control (CC) are adopte8][ The CC technique is widely reported in literatfor
linear and non linear control strategies. Underlitear control methodologies are reported cordobiemes
using stationary PI controller, synchronous vegtbrcontrol, state feedback control, predictive coinand
deadbeat controls. The nonlinear control schemesrepass hysteresis control, delta modulation (DM) o
pulse DM current control and online optimized coliér.

Under the frequency domain control strategies basedFourier analysis [91]-[93], Wavelet
transform, Goertzel algorithm and Hilbert Transfoi®@4]-[97] are reported. The on line applicationtbé
Fourier transform and wavelet transform involve pter and cumbersome computation and results irelarg
response time, which make compensation of dynalypieatying load difficult. Apart from this some cwal
schemes are also reported which do not requirerggoe of reference signals [98] [99]. To enhance
controllability and operational performance of DSIM@OMs under various system conditions control
strategies using of fuzzy logics, neural networno-fuzzy artificial intelligence/ rule based tagfues are
also reported [100]-[104].

Two widely reported modes used for controlling tB8T switches of the VSI are

. Carrier Based PWM control.

. Carrier less Hysteresis control.
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7.1. Carrier based PWM control

In this control scheme, shown in Fig. 10, a higlgfrency carrier based sinusoidal PWM is used for
generating the switching pulses for the IGBTs a&f WSI. This algorithm is based on the instantaneous
reactive power theory. The instantaneous voltagecarrent of the supply system and the load aresuored.
The three- phase system is transformed to a synobsly rotating reference frame using Park’s
transformation.

The instantaneoug reference current is generated by Pl regulatiothefdc terminal voltage with
respect to a reference dc voltage. Similaglyreference current is generated by PI regulatiorthef ac
terminal voltage of the VSI with respect to a refere ac terminal voltage. In case only power factor
correction is desired, the referengésiset to zero. The decouplgdind j components obtained from abc to
dg transformation of the measured instantaneoe® thhase current, are then regulated with two a&pé&
regulators with respect to the referengand j, currents obtained earlier. In order to synchrotieeabc to
dqgoO transformation a Phase Locked Loop (PLL) i-luség. 9 shows the schematic diagram for the earri
based control of DSTATCOM using decouplgamd j control mechanism.

Vq

Vit PI Controller lart PI Controller » PWM

(outer) (inner) pulse
generator
Calculation of Vt lq
T T T _abe abe to dq Iy PI Controller
pcC | Converter (inner) Vo
Via Vie Vi Bus
Vac_ref PI Controller la_rer Pulses to IGBTSs of VSC
(outer)
Vdc

Figure 10. Schematic diagram for Carrier based P¥@htrol

7.2. Modédling of carrier based control of DSTATCOM

The control of VSI of the DSTATCOM, shown in Fig.i8 modeled in discrete mode using ode23tb
on MATLAB platform. The discrete-time integratorobk is used to implement the PI controller. Forward
Euler method is used for integration. The disctete integrator block approximates 1/s by T/(Zadhich
results in the following expression for the outptithe ' step .

Y(n) = Y(n-1) + KT* U(n-1) 1)

Y(n) is the output and U(n) is the input to the troler

7.2.1 AC terminal voltage control

The three phase supply voltage,(,and \.) are considered sinusoidal and hence their amagit
is computed as:

Vi= v {(2/3) (sta"' stb"' stc)} (2)

The V, computed above is compared with the desired tetmivitage Vs . The ac voltage error
Ve at thenth sampling instant is

Ver(n) = (Vtref - Vt(n)) (3)

Where \, is the amplitude of the sensed three phase acgeoliithe PCC terminal at timth
instant. The error ¥ is fed to an outer Pl controller, using discreteetiintegration, to generate thgql.

Iqref n = Iqref (n-1)+ K a p{v er(n) = Ver(n-l)} + Kaiver(n) (4)

Where K, ,and K; are the proportional and integral gain constahtse outer Pl controller of the
ac terminal voltage at the PCC

The actual | is generated by an ‘abc to dgq convertor using garknsformation over the load
current. The derand | are compared and the error is fed to an inner Reéoticontroller to generate,V

Iqer(n) = (Iqref (n) ~ Iq(n)) (5)

Vq(n) = Vq(n—l) + Kbp{I ger(n) ~ |qer(n-1} + Kbi Iqer(n) (6)

Where Kyand K, are the proportional and integral gain constanth@fnner Pl controller of the ac
terminal voltage at the PCC

7.2.2 Control of the voltage at the dc ter minal of the DSTATCOM
The V. of the dc bus is compared with the desired dcumiage Vi ¢. The dc voltage error
Vgermy at thenth sampling instant is

Vdcer(n) = (Vdc_ref - Vdc(n)) (7)
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Where V. is the sensed dc voltage at the dc bus of the DIV at thenth instant.

The error is then fed to an outer Pl controllegémerate theyks.

Idref (n) = Idref (n-1)+ K a p{V decer(n)~ Vdcer(n—l)} + Kaivdcer(n) (8)

Where K, ,and K, are the proportional and integral gain constanthefouter Pl controller of the
dc bus voltage.

The actual J is generated by an ‘abc to dg convertor using dr&nsformation over the load
current. The s and |yare compared and the error is fed to an inner Rénticontroller to generateyV

ldern) = (laret ) = la(n) 9)

Viam = V1) + Kop{l dery = ldern-1y + Koi lder(n) (10)

Where Ky, and Ky are the proportional and integral gain constantthefinner Pl controller of the
dc bus voltage.

7.2.3 PWM controller

The V; and \ signals generated above are converted into maoulatdex ‘m’ and phased’
which are then used by the PWM modulator for pratlyiche required pulses for firing the IGBTs of the
VSI. This causes the VSI to maintain the terminaltage of the generator by generating / absorbiieg t
required reactive current and supplying / absorlaictive power from the generator to maintain theside
voltage of the inverter.

7.3. Carrierlesshysteresis control

Fig. 11 shows the control scheme for P| basedeardess hysteresis controller. The unit vectors for
the in phase and the quadrature voltages are ebt&iom the supply voltage. The in-phase unit vexcta,
u, and ) are computed by dividing the ac voltaggsw and v by their amplitude Y Another set of vectors
called the quadrature unit vectors,(w, and w) is a sinusoidal function obtained from in-phasetor set
(us W and y). To regulate the PCC terminal voltage, its arplit () is compared desired voltagewy),
and the error is processed by a Pl controller. duteut of the PI controller (i, decides the amplitude of
the reactive current to be generated by the DSTAWICRultiplication of the quadrature unit vectors (w,
and w) with I*sqyields the quadrature component of the referemtgy i* soqand i%scg.

To provide self supporting dc bus for the DSTATEQhe charging current must be provided from
PCC. In order to achieve this the dc bus voltagg) (¢ sensed and compared with dc reference voltage
(M4ceref )- The error voltage is processed by a secondoRtraller. The output of the PI controller (s}5)
decides the amplitude of the active power compbpétthe source current. Multiplication of the ihgse
vectors (Y, W, and y) with I*4,4 yields the in-phase component of the referenceceocurrents (i%g 1* ang
and i*q ). The reference source currentg (i, and i) are obtained by adding the corresponding in-phase
and the quadrature components. A pulse width méidalgPWM) current controller then compares the
reference source currents ((j*i*s, and i*) with sensed source currents, (isp and i) to generate the
switching signals for the IGBTs of the DSTATCOM

The hysteresis controller adds a hysteresis bandd afound the calculated reference current. When
isa- I*sa>+h pulses are generated for the lower level swwicand wheng- i*s, < -h pulses are generated for
the upper level switches of the VSC.

Via. —p[Unit Voltage u,

In-phase
Vio — > DC
Template u t
Vi —») p b |—p| component | | voltage PI
generator Ul Reference troll
v Viu, uw, u Current controfler
- * * * itmd * itwd
Quadrature Voltage i ‘ Vie et
Template Generator -
W, W, W
Vdc
AC voltage | YV
PI Controller > Quadrature i*sa iksb i*sc —>
i component PWM current :t Pulses to IGBTs of
M4 | Reference Current controller —> VSC

iu,? ishf ? e

Fig. 11. Schematic diagram for Carrier-less hysisreontrol of DSTATCOM.
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7.4. Control algorith of carrierless hysteresis control
The Three phase voltages at the PCG, (wwand v ) are sinusoidal and hence their magnitude is
computed as

Vi= V{(2/3) (Vat Vit Vi) (11)
The unit vectors 4l u, and y are derived as
u, = v/, u, = v, V., u.= v./1}; (12)

The unit vectors in quadrature,wy, and w, to the in-phase unit vectors, w, and y, is derived
using the following transformation

w, = — ub____.-‘*-'ﬁ + "L,;_.-""ME : (13)
w, = t@uﬂ_..-’z + (uy —u, /2 V3 (14)
w, = —\3u./2 + (u,—u.)/2V3 (15)

7.4.1 Quadrature component of the reference sour ce current
The error of the ac voltage at the PCC at thsampling instant is

I’lﬂ'nl_ I',1bf I"'|1ﬂ: (16)

Wherel’,. b;|s the amplitude of the reference ac terminal g@tat PCC and’, , in) is the amplitude
of the sensed three phase ac voltage at PCC atthmstant. The amphtudeslnq(n of the quadrature
component of the reference source current "yinstant, is derived as output of the PI controfier
maintaining ac terminal voltage constant at theand is expressed

I-smcl.'r!'- = I-smf.'l.'n—‘l T Ky J':VE-."I.'?!'- - I"”E:‘":?’!—-l.' } Kcrbnv-'- 17)

Wherek . andk, are the proportional and integral gain constahtaePI controller}’, ..., and

Verin—1; are the voltage error in théd" mnd (n-1)" instant. The quadrature components of the referenc
source currents are estimated as
=TI

p " . y -
" s@g fmr:.' Ya s = sbg

= I'E_,_,”___H-'E, A = I'E_,_,!E_.u-' (18)
7.4.2 In-phase component of reference source current

The dc bus voltage errd;..,r,,; at the nth sampling instant is and

Lfn:‘|:t.1l'ﬂ )T Vaer ef VE.E,«“-, (19)

Where V._,.. s is the reference dc voltage ahg,;, = IS the sensed dc Link voltage of the
DSTATCOM. The output of the PI controller for maiirting the dc bus voltage of the DSTATCOM at the
nth sampling instant is expressed as

I-smdfn ) = I-EmdS.‘r!Dfn—:'- Ll K‘JL‘.‘ {If’dcs."fn? - If’r:.!cs!'l,’r!—‘l } Ly K:'dI'fdcsrlfn'- (20)

I" . na () 1S cOnsidered as the amplitude of the active pasenponent of the source current. Kpd

and Kid are the proportional and integral gain tamts of the dc bus PI voltage controller, respebyi In-
phase components of the reference source curnenestimated as

L sad = I smdu’c L shd = I Emdub L =cd = I smdu’c ; (21)

7.4.3 Total reference source currents
It is the sum of the in-phase and quadrature compsmdihe reference source currents as

‘I'-sr.' =i Fag T L -fcd (22)
Py = lI-E.E:u:_'_ F apg (23)
‘I'I-EI: = ‘I'I-scq'_ ‘I'I-fcd (24)

7.44PWM current controller

The reference source currents (., , i, andi”,. ) are compared with the sensed source
currents (i.. .i andi.. ). The on/ off switching patterns of the gateverof the IGBTs are generated
from the PWM current controller. The current errare computed as

‘I'fcb-” = ‘I'-fc_ ‘I'I~=|: ’ llfl’.?b"" =i - ‘I'Icn:' ’ ‘I'Ifcb” = ‘I'I-fc_ ‘I'I-rr, ; (25)

These current error signals are amphfled and ttempared with the triangular carrier wave. If the

amplified current error corresponding to phasel &, ..~ )} signal is greater than the triangular carrier avav
signal, the switch S4 (lower device) of the phasdeg of VSI is ON, switch S1 (upper device) oé thhase
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‘a’ leg of VSI is OFF. If the amplified current err signal corresponding tpt.,.,.. | is less than the
triangular carrier wave signal, switch S1 is ONjtslw S4 is OFF. Similar logic applies to the othep
phases ‘b’ and ‘c’.

8. SPECIFIC APPLICATION AREASOF DSTATCOM

Applications of DSTATCOM at distribution level tonprove power quality is well documented in
many references [5, 10-33, 41, 42, 44, 45-50, 578%/9]. The present day domestic and industoati$
induce harmonics, produce voltage dips, draw laegetive currents, cause unbalance in the supphgmciu
etc. Use of DSTATCOM helps in improving the powerlity of Autonomous power systems [105] [106].
Self-excited induction generators (SEIGs) have becthe back bone of Autonomous systems harnessing
non-conventional energies like the wind power, mieydro, etc. [107]-[109]. Improved control of SEH By
Hysteresis current control techniques and othetimear approaches have been reported in [9, 108, 10
108]. Controlling SEIGS to harness wind energy digcussed in [110 — 112]. For rural and remote
Autonomous applications DSTATCOM with an energyrage system like battery or magnetic storage
device are being widely utilized [9,109,111-1195TATCOM is widely used in industries for mitigating
voltage flickers caused by electric arc furnaceBing mills etc. [119] [120] where they can be dd®th in
utility connected and Autonomous mode. Adjustaljppee®l Drives (ASDs) offer a major applications areas
for the DSTATCOM [121] [122] Microgrid is anotheream where several Autonomous systems using VSiIs to
convert renewable energy or micro sources are-guenected to provide quality power. [123]-[124). |
many Autonomous applications like aircraft, Shipsl docomotives DSTATCOMs are used to provide
compensation and quality power [125]-[127].

9. CONCLUSION

A review has been presented in this paper aboun#tbods for improving the power quality aspect
of the autonomous systems. DSTATCOM is the statarbflynamic shunt compensator of the custom power
(CP) family used for Autonomous Power Systemss Ibasically an offshoot of the STATCOM which is
widely used to control, system dynamics under se@sondition at the transmission level. The baokbaf
this Autonomous Power system compensator is thifecegimunicating VSI built using controllable power
electronic devices like IGBT, IGCT, etc. operatinopder PWM or hysteresis switching principle.
DSTATCOM being a versatile reactive power compesrshas taken the place of line commutating SVC, a
relatively slow acting second generation dynamignstcontroller. In addition to the stand-alone &sad
DSTATCOM in autonomous and distribution systemss tontroller is an integral part of other CP desic
like UPQC. Many commendable features of DSTATCQOMAUtonomous systems reported with various
circuit configuration and control methodologies hasen reviewed in this paper to provide a clear
perspective on various aspect of the device tearebers, engineers and manufacturers. A comprigbens
review of the state-of-art DSTATCOM controller Hasen carried out in this paper to focus on newsarea
which has potential for research.
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