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Abstract— Power Quality has been said a set of
electrical boundaries of the electrical supply pided
under normal operating condition that allow equipre

to function in its rated condition without signéiat loss

of performance and life expectancy that do notudist

or disrupt the consumers’ process. Performance
degradation results when the electrical power sigapl

to equipment is deficient. Thus power quality
improvement is the main concern of present era. The
problems of power quality are rising exponentidftym

the last few decades due to the rising demanddorep
and the need for their improvement is indeed a big
question. The main power quality problems such as
voltage sags and swells, power interruptions (slaod
long), voltage spike, harmonic distortion, noisevdéded

to financial losses. To avoid huge losses and to
overcome the above mentioned problems, power
electronics has evolved with its new types of @svic
known as Custom Power Devices which are being
reviewed in this paper.

Keywords—Power Quality, Custom Power Devices,
Voltage Sags, Power Electronics.

I INTRODUCTION
Power Quality is the main concern of the preseit er
Power quality describes the variation in the valtag
frequency and current in the power system. Enlaeggm
in the power system during the last few decades hav
introduced more no of equipment which are not seramt
towards these variations. The sophistication ottatzal
appliances with the development of electronics ddded
to the demand of quality power at the consumer
premises.[1]
Electrical devices are becoming smaller and monsitee
to power quality aberrations due to the prolifematiof
electronics.[2] Challenging environment has been
developed for power producers for the quality ofvpn
Thus an open and competitive market has paved atg w
Deregulation in the market is the result of such a
scenario. The deregulation of electric power energg
boosted the public awareness toward power quatityray
the different categories of users [3]. The impdcpawer
quality problem is increasingly felt by the custome
industrial, commercial and the residential.  Thaper
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reviews the custompower devices which are fsed
the mitigation of power quality problems.

. POWER QUALITY PROBLEMS
Power Quality problems encompass a wide range of
disturbances such as voltage sags/swells, flicker,
harmonics distortion, impulse transient, and intgtions.
Voltage dip:A voltage dip is used to refer to short-term
reduction in voltage of less than half a second.
Voltage sag:Voltage sags can occur at any instant of
time, with amplitudes ranging from 10-90% amd
duration lasting for half a cycle to one minute.
Voltage swell:VVoltage swell is defined as an increase
in rms voltage or current at the power
frequency fordurations from 0.5 cycles to 1 min.
Voltage ‘spikes’, ‘impulses’ or ‘'surges'These are
terms used to describe abrupt, very brief increases
voltage value.
Voltage transients:They are temporary, undesirable
voltages that appear on the power supphe.
Transients are high over-voltage disturbances (o
20KV) that last for a very short time.
Harmonics: The fundamental frequency of the
AC electric power distribution system is 50 Hz. A
harmonic frequency is any sinusoidal frequency,cihs
a multiple of the fundamental frequency. Harmonic
frequencies can be even or odd multiples of the
sinusoidal fundamental frequency.
Flickers: Visual irritation and introduction of many
harmonic components in the supply power and their
associated ill effects.
2.1 Causes of Dips, Sags and Surges
1. Rural location remote from power source
2. Unbalanced load on a three phase system
3. Switching of heavy
loads
4. Long distance from a distribution transformerthwi
interposed loads
5. Unreliable
systems
6. Equipment not suitable for local supply
2.2 Causes of Transients and Spikes
1.Lightening
2. Arc

grid
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welding

3. Switching on heavy or reactive equipment such as
motors, transformers, motor drives

4. Electric grade

switching

[I. STANDARDS FOR POWER QUALITY
3.1 1EEE Standard
The Technical Committees of the IEEE societies and
the Standards Coordinating Committees KHEE
Standards Board develop |IEEE standards. THEE|
standards associated with voltage sags are giveawbe
IEEE 446-1995, “IEEE recommended practider
emergency and standby power systems for iridus
and commercial applications range of sensibilitpds’.
The standard discusses the effect of voltage sags
sensitive equipment, motor starting, eit. shows
principles and examples on how systems sl
designed to avoid voltage sags and other poweritgual
problems when backup system operates.
IEEE 493-1990, “Recommended practice for the design
reliable industrial and commercial power systems”
The standard proposes different techniques to qredi
voltage sag characteristics, magnitude, duratmd
frequency. There are mainly three areas of intefest
voltage sags. The different areas can be summadged
follows:
(A) Calculating voltage sag magnitude by calculgtin
voltage drop at critical load with knowledge of the
network impedance, fault impedance and locatiofauait.
(B) By studying protection equipment and fault deg
time it is possible to estimate the duration of Vloitage
sag.
(C) Based on reliable data for the neighborhood and
knowledge of the system Parameters an estimation of
frequency of occurrence can be made.
IEEE 1100-1999, “IEEE recommended practice for
powering and grounding Electronic Equipment” This
standard presents different monitoring criteriafoltage
sags and has a chapter explaining the basics tdgeol
sags. It also explains the background and appbicatf
the CBEMA (ITIl) curves. It is in some parts very
similar to Std. 1159 but not as specific in defqin
different types of disturbances.
IEEE 1159-1995, “IEEE recommended practice for
monitoring electric power quality” The purpose diist
standard is to describe how to interpret and monito
electromagnetic phenomena properly. It providesjumi
definitions for each type of disturbance IEEE 1295,
“IEEE guide for service to equipment sensitive to
momentary voltage disturbances”
3.2 SEMI International Standards
The SEMI International Standards Program is a servi
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Due to a problem of voltage sag manufacturers &ed t
buyers use these standards to meet better powdtyqua
requirements. Manufactures develop products medtiag
requirements of a standard, and buyers demand tihem
manufactures that the product comply with the shasd
The most common standards dealing with power qualit
are the ones issued by IEEE, IEC, CBEMA, and SEMI.
offered by Semiconductor Equipment and Materials
International (SEMI). Its purpose is to provide the
semiconductor and flat panel display industrieshwit
standards and recommendations to improve prodtictivi
and business. SEMI standards are written docunients
the form of specifications, guides, test methods,
terminology, and practices. The standards are
voluntary technical agreements between equipment
manufacturer and end-user. The standards ensure
compatibility and interoperability of goods and\sdees.
Considering voltage sags, two standardsesddhe

problem for the equipment. SEMIF47-0200
“Specification for semiconductor processi
equipment voltage sag immunity”. The standard

addresses specifications for semiconductor praogssi
equipment voltage sag immunity. It only specifies
voltage sags with duration from 50ms up to 1s. SEMI
F42-0999, “Test method for semiconductor processing
equipment voltage sag immunity” This standard defin

a test methodology used to determine the susckftibi
of semiconductor processing equipment and how to
qualify it against the specifications.

V. CUSTOM POWER DEVICES
To overcome the above mentioned problems various
measures have been taken which are the uses tdsless
passive filters, active power filters and hybridtiae
power filters but due to their disadvantages thase
discarded. So new type of devices known as thees
power devices are coined. Custom Power (CP) pertain
the use of power electronic controllers for power
distribution systems [4].
The Custom Power term was proposed to designate a
new generation of semiconductor devices
based on power electronics, designed to operate at
medium and low voltage levels. The custom power
devices enhance the quality and reliability of poteat
is delivered to customers and also improve theicerv
quality of distribution network. They can preseaster
responses and a more accurate setting in basic and
important functions such as voltage regulationctiea
power compensation, reduction in the rate of harmon
distortion, or the limitation of short circuit cemts. [2].
The custom power devices are mainly divided into tw
groups: network reconfiguring type and compensating

type.
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The complete classification of custom power deviices
shown in the Fig 1.

Static Transfer
Switch

Network
Reconfiguration |
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Static Current
Limiter

Static Circuit
Breaker
Custom Power |
Devices

DSTATCOM

Compensating |
Type

UPFC

Fig.1: Configuration of custom power
devices
Custom power is the concept of employing power
electronics based controllers in 1 KV through 32 KV
distribution systems for supplying a compatibleelewf
power quality necessary for adequate performance of
selected facilities and process.

V. NETWORK RECONFIGURING TYPE
CUSTOM POWER DEVICES
These devices are series-connected devices. A.hGirab
G. Ledwich have described that network reconfigurin
type equipment are gate turn-off (GTO) based origtor
based switches [4]. Network reconfiguring deviaedude
static current limiter (SCL), static circuit break(ESCB)
and static transfer switch (STS).
However, most popular network reconfiguring devise
STS. The solid state transfer switch or static c®ur
transfer switch (STS) uses solid-stateitches to
provide an almost seamless load transfer to amnalk
feeder/source to protect a sensitive load mfro
momentary interruptions and voltage sag/swell oittfia
the supplying feeder. The transfer time can beoasds
quarter of the rated frequency cycle [5].
A. Static Transfer Switch System
The static transfer switch is a device between Al
mains and the inverter to provide uninterruptible€€ A
power. After an extremely quick detection of a nsdiault
(sag or interruption)the static switch transfers the load
almost without cut off to the healthy AC lin@he STS
provides 20 times faster load transfer (typicallyoVsa
cycle), compared to conventional automatic transfer
switches (ATS), which ensures the uninterruptedatjsn
of even the most sensitive electronic equipment [8]
When there is a sag or an interruption on the AGhsna
feeder, the switches on the auxiliary feediem on
immediately and that on the main feeder turn ofthat
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first natural current zero, i.e. transferring lodadsthe
healthy feeder. Hence STS provides a seamlessfdrans
of electrical energy between the two feeders. Nbse
the STS cannot protect against sags originatinghén
transmission system, which will also affect theadative
supply [7].

The STS system consists of three main componests, a
shown in Fig.

1. Thestatic transfer switch STS, consists of two
three-phase ac thyristor switches connectedk biac
back (anti-parallel), directing power from two
independent feeders to the load.

2. The mechanical bypass switch MTS, operates as a
standard mechanical transfer switch when the
static transfer switch is out of service.

3. lIsolating switches and Control, during normal
condition, the switch connected to the primary &reid
kept closed and the switch on the secondary feeder
kept opened[8].

Utility service

Primary
drop transformer

power distribution :
system -
. 3

[
J) &
211C

Circuit
breaker

Dual supply

fast transfer

Se nsor }! switcher
input

Control |

System
control

>

>
Power to

Sensor protected load
input } L4

SastndaEs Utility service

power distribution drop Eran.sfl_‘lrmer
system 1 IL =
' J1E Ciccai
- breaker
Fig.2: Static transfer
Switch

Disadvantages

1. One disadvantage is that there should be a segondar
feeder, independent from the main source (e.gedefe

to another substation), must be available.

2. The transfer time increases even more in case of
regenerative load, e.g. induction motors [9].

3. A thyristor, which is the basis of the solid-state
transfer switch, is not a pure conductor and thises
some issues in terms of losses and cooling. Asualtre
relatively large cooling equipment is required, ebhi
imposes additional operating costs on ther use
maintain proper cooling. It also results in reduced
efficiency and lower reliability in the device [10]

B. Static Current Limiter

Static current limiter is a custom power devicelegpfor
high fault current limiting. It offers high impedem
during fault condition and low impedance dugri
normal condition.
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Fig.3: Static Current Limiter

These are of two types-

[ GTO-Switched

[ Thyristor- Controlled
In GTO based static current limiter, current limgi
impedance is shunted across a pair of anti-paralleDd
switches during the fault. Assoon as the fault
is detected is comes in series with a faulty ctrcui
and large fault is interrupted by turning off th&@ @
switch [6].
Disadvantage
1) Sudden interruption of large current leads to high
transient overvoltage and nuisance tripping of tmal
PWM adjustable-speed-drives [12].
2) Also, these transient oscillations excite LC citsui
formed by the customer step down transformers had t
low-voltage PFC capacitors at the customer sides Th
gives rise to voltage magnification at the custoside
[13].
Thyristor-Controlled SCL utilizes thyristor to
incorporate limiting impedance to the system as\sam
fault occurs. In comparison to GTO switched SClg th
switches of thyristor based SCL turn on during tfabn
this way, transient oscillations are avoided.
These are of two
types.
1) Thyristor
(TCSCs)
2) Thyristor Controlled series reactors (TCSRS)[6].
A. Static Circuit Breaker
Static circuit breaker breaks a faulted dtrconuch
faster than a mechanical circuit breaker. It isighh
speed switching device, applied to reduces theralat
fault and protect from large current in distributio
system.
It employed GTO or thyristor switching technologye
static circuit breaker offers a very long life, g
reliability and complete safety due to completedagon
from mains. The circuit offers very high speed
sensitivity which ensures safety from electric Hfilaass
well as short circuit. A typical static circuit kadeer will

controlled series capacitors
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switch in a matter of microseconds, as opposed to
milliseconds or even seconds for a mechanical @grsi
[14].

Fig.4: Static Circuit Breaker

Disadvantages

1) The main disadvantage of the SCB is the higher cost
and complexity in design.

2) Other major drawback in SCB is on-state losseq. [15

VI, COMPENSATING POWER DEVICES
The compensating custom power devices are used for
active filtering, load balancing, power factor
improvement voltage regulating(sag/ swell). These
devices are mainly three types: static shunt cosgden,
series and hybrid compensator. These are alsodcatie
DSTATCOM, DVR and UPFC respectively.
A. Dynamic Voltage Restorer (DVR)
Dynamic voltage restorer (DVR) can provide the cost
effective solution to mitigate voltage sag by ebksaiing
the appropriate voltage quality level, required tine
customer [17, 18]. Itis recently being used as dbtive
solution for voltage sag mitigation. The basic
structure of a DVR is shown in Fig.4. It is idied
into six categories:
(i) Energy Storage Unitlt is responsible for energy
storage in DC form. Flywheels, batteries,
superconducting magnetic energy storage (SMES8) an
super capacitors can be used as energy storageedevi
It is supplies the real power requirements of thgteim
when DVR is used for compensation [18].
(i) Capacitor: DVR has a large DC capacitor to ensure
stiff DC voltage input to inverter. (iii)inverter: An
Inverter system is used to convert dc storage ato
form [17]. Voltage source inverter (VSI) of low tage
and high current with step up injection transforrger
used for this purpose in the DVR Compensation
technique [18].
(iv) Passive Filters: Filters are used to convert the
inverted PWM waveform into a sinusoidal waveform.
This is achieved by eliminating the unwanted harimion
components generated VSI action. Higher orders
harmonic components distort the compensated output
voltage [17].
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(v) By-Pass Switchlt isused to protect the inverter from
high currents in the presence of faulty conditidnsthe
event of a fault or a short circuit on downstredhe
DVR changes into the bypass condition where the VSI
inverter is protected against over current flowing
through the power semiconductor switches. The gatin
of the DVR inverters becomes a limiting factor for
normal load current seen in the primary winding and
reflected to the secondary winding of the series
insertion transformer. For line currents exceeding
rating, a bypass scheme is incorporated to prdtet
power electronics devices [20].

(vi) Voltage Injection Transformersin a three-phase
system, either three single- phase transformers uoit
one three phase transformer unit can be used fage
injection purpose. [16].

Tp edance

1

| BN |
l\' I Vs
D Supply

control
system

Fig: 5: Schematic Diagram of DVR

Vom —»
LMAJ— \'lT

Filter

VSC

Basic principal of DVR is to transfer the voltagags
compensation value from DC side of the invertethe
injected transformer after filter. The compensation
capacity of a particular DVR depends on the maximum
voltage injection capability and the active powdiatt
can be supplied by the DVR. When DVR’s voltage
disturbance occurs, active power or energy showd b
injected from DVR to the distribution system [22].DC
system, which is connected to the inverter inpahtains

a large capacitor for storage energy. It provideEtive
power to the load during faulty conditions. Where th
energy is drawn from the energy storage capacitbes,
capacitor terminal voltage decrease. Thereforagtie a
minimum voltage required below which the invertdr o
the DVR cannot generate the require voltage thizg s
and rating of capacitor is very important for DVR
power circuit [22]. The DC capacitor value for aedh
phase system can be derived [23]. The most importan
advantage of these capacitors is the capabilitgugoply
high current pulses repeatedly for hundreds of shods

of cycles. Selection of capacitor rating is diseassn the
basis of RMS value of a capacitor current, ratetlage

of a capacitor and VA rating of the capacitor [24].

Advantage
1. DVR are a class of custom power devices for
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providing reliable distribution power quality.
2. DVR suppresses voltage sags and swells
compensation it can also added other features like:
line voltage harmonics compensation, reduction of
transients in voltage and fault current limitations
Disadvantage
1. High speed
compensated.
2. Some sags are not corrected within the limiiee t
frame of mechanical switching devices.
3. Transformer taps may be used, but tap changidgru
load is costly.
Application
1. Voltage sag and swell protection
2. Voltage balancing
3. Voltage regulation
4. Flicker attenuation
B. Distribution Static Compensator (DSTATCOM)
DSTATCOM [26, 28] is to suppress voltage variation
and control reactive power in phase with system
voltage. It can compensate for inductive and cdjaci
currents linearly and continuously. The terminal
voltage (Vbus) is equal to the sum of the inverter
voltage (Vvsc) and the voltage across the coupling
transformer rective VL in both capacitive and intive
modes. | mean that if output voltage of DSTATCOM
(Vvsc) is in phase with bus terminal voltage (Vbeasy
Vvsc is greater than Vbus, DSTATCOM provides
reactive power to system. And if Vvsc is smallearth
Vbus, DSTATCOM absorbs reactive power from
power system. Bus and Vvsc have the same phase, bu
actually they have a little phase difference to
component the loss of transformer winding and itarer
switching [26], so absorbs some real power fromesys
The active power is transferred from the AC terrhina
the DC capacitor and causes the DC link voltagesta
The active and reactive power may be expressedhdy t
following equations: [30]

transients cannot be

Vbus *Vvsc\ .
(—) sind

p:

_ V2bus

Q_ —

xl Xl

Vbus*Vvsc
———— % cosd

In any practical DSTATCOM there are losses in the
transformer windings and in the converter switches.
These losses consume active power from the AC
terminals. Accordingly, a small phase differenceais
exists between the VSC voltage and the AC system
voltage. A summary of the power exchanges betwieen t
DSTATCOM and the AC system as a function of the
DSTATCOM output voltagevvsc and the AC system
voltageVbus.

Page | 1636



International Journal of Advanced Engineering, Management and Science (IJAEMS)

Infogain Publication (Infogainpublication.com)

[Vol-2, Issue-9, Sept- 2016]
ISSN : 2454-1311

Advantage

1. The response is much faster thamging system
conditions.

2. It does not contribute to short circuirient.

3. It has a symmetric lead-lag capability.
4. It has no moving parts and hence thaintenance is
easier.

5. It has no problems of loss of syinenism under a
major disturbance.

Disadvantage

1. It has a high cost level due to compdggtem setup.
Application

1. Power factor improvement

2. Current Harmonic compensation

3. Load current balancing

4. Flicker effect compensation
C. Unified Power Flow Compensator (UPFC)
The UPFC [27-29] is the most versatdad complex of
the FACTS devices, combining théeatures of the
STATCOM and the SSSC. The BE can provide
simultaneous control of all basiqower system
parameters, viz., transmission voltagepedance and
phase angle. It is recognized as thestrsophisticated
power flow controller currently, androtably the most
expensive one. The basic componesftthe UPFC are
two voltage source inverters (VSIs)asing a common
dc storage capacitor, and connectedh gower system
through coupling transformers. One ViSIconnected to
in shunt to the transmission systevia a shunt
transformer, while the other one isnvected in series
through a series transformer. A ba&i®FC functional
scheme is shown in fig.5 The series ingeis controlled
to inject a symmetrical three phase ag#t system (Vs),
of controllable magnitude and phasargle in series
with the line to control active amdactive power
flows on the transmission line. Sab,is inverter will
exchange active and reactive powethwnihe line. The
reactive power is electronically proed by the series
inverter, and the active power tsansmittecto
the dc terminals. The shunt inverteroigerated in such
a way as to demand this dc terminalvyeo (positive or
negative) from the line keeping the ltage across the
storage capacitor Vdc constant. So, tiet real power
absorbed from the line by the UPFC wual only to the
losses of the inverters and their nisformers. The
remaining capacity of the shunt invartan be used to
exchange reactive power with the line t®
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Fig.6: Block Diagramof UPFC
provide a voltage regulaticet the connection point. The
two VSI's can work indpendently of each other by
separating the dc sideSc in that case, the shunt
inverter is operating aa STATCOM that generates or
absorbs reactive power togigate the voltage magnitude
at the connection pointndtead, the series inverter is
operating as SSSC thaergrates or absorbs reactive
power to regulate the cumeflow, and hence the power
flow on the transmissiohine. The UPFC has many
possible operating med In particular, the shunt
inverter is operating insuch a way to inject a
controllable current, ish fo the transmission line. The
shunt inverter can be conlied in two different modes:
VAR Control Mode: The kference input is an
inductive or capacitiv& AR request. The shunt inverter
control translates the varfegence into a corresponding
shunt current request andljasts gating of the
inverter to establish theediied current. For this
mode of control a éeltack signal representingthe
dc bus voltage, Vdc, is alsequired Automatic
Voltage Control Mode The shunt inverter
reactive current is automeally regulated to maintain
the transmission line volge at the point of
connection to a referena@lue. For this mode of
control, voltage feedbackgsials are obtained from the
sending end bus feedingetshunt coupling
transformer. The series ieter controls the magnitude
and angle of the voltage agjted in series with the line to
influence the power flow othe line. The actual value of
the injected voltage can lo&tained in several ways.
Direct Voltage InjectionMode: The reference inputs
are directly the magnitude@ phase angle of the series
voltage.Phase Angle Shifte Emulation mode The
reference input is phase pliacement between the
sending end voltage andetfeceiving end voltage.
Line Impedance Emulatia mode The reference input
is an impedance value to amsin series with the line
impedanceAutomatic Pover Flow Control Mode The
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reference inputs are values of P and Q to mairdgain
the transmission line despite system changes.
Advantage

1.Has the unique capability to provide indefent
and

concurrent control for the real and reactive lirmvpr
flow, as well as for the regulation of the bus agh.

2. Has a flexible circuit structure to becanfigured
for

independent shunt (STATCOM) and series (SSSC)
compensation, as well as for only shunt or onlyeser
compensation at double rating.

3.Has a rugged and reliable GTO-based converter
structure that is capable of operating properlyiitity
environment.

Disadvantage

1.1t has a high cost level due to complex systempse
Application

1.Voltage sag and swell correction

2.Voltage balancing

3.Voltage regulation

4.Flicker attenuation

5.VAR compensation

6.Harmonic suppression

7.Current balancing

8.Active and reactive power control

VII. CONCLUSION

This paper provides a literature review of the comst
power devices. The advantages and disadvantagtw of
devices are clearly mentioned. These are the device
which successfully mitigate the power quality pesbb
like voltage sag and swell, voltage transients loaios
and flikers. The various standards areso alclearly
mentioned for the Power Quality. DVR is aston
power device which provides reliable distributioower
quality. DVR suppresses voltage sags aswlells
compensation it can also add other features likee |
voltage harmonics compensation, reduction of terisiin
voltage and fault current limitations. It was olveet that

its capacity for power compensation and voltage
regulation depends mainly on two factors: the oatod
the dc storage device and the characteristitsthe
coupling transformer. These two factors determihe t
maximum value of sag mitigation that the DVR can
provide. The SSTS proved to be a suitable device fo
screening selected load points against faulted itond,

but it does require an alternative feeder beinglabla.
The transfer of load from a faulted feeder to althga
one can be achieved in a short period imie.t The
DSTATCOM response is much faster to
changing system condition. The UPFC has the unique
capability to provide independent and concurrenitrab
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for the real and reactive line power flow, as wal
for the regulation of the bus voltage but has tigh ltost
level due to system setup.

Custom Power
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Current
Harmonic compensation
Load current balancing
Flicker effect compensation
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Compensator
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Voltage sag and swell protectign
Voltage balancing
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Flicker attenuation

Static Series
Compensator
(DVR)

Voltage sag and swell correctig
Voltage balancing
Voltage regulation
Flicker attenuation
VAR compensation

Harmonic suppression
Current balancing
Active and reactive power contrp

>

Unified Power Quality
Compensator
(UPQC)

Static transfer switch

(STS) Voltage sag and swell protectig

>

. Fault current protection and
Solid state breaker P

limitation
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