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Abstract 

 

Power Quality has been an important concept since the inception of power systems. 

With more and more sensitive equipment being used in the industries, the 

requirement of standards of power quality has been highlighted. Power quality 

related problems that result in loss of production in critical processes create a 

dilemma for both the serving utility and the customer. This research is based on 

giving proposals to solve a specific power quality problem involving voltage sags in 

one of the large scale customers of Ceylon Electricity Board i.e. Merbok MDF Lanka 

(Pvt) Ltd. The customer has installed considerable amount of sensitive equipment in 

his large scale manufacturing processes including PLC equipments, variable speed 

drives, etc. The customer has faced frequent power interruptions and subsequent 

production losses due to the said power quality problem. 

 

Data was obtained from the customer prermses and from the Horana GSS. After 

analyzing the data it was revealed that most of the Voltage sags are due to fault 

conditions in the nearby distribution feeders. Voltage sags having 0.8 to 0.9 p.u. 

magnitude and 0.5 to 3s duration are the most common. 

 

When giving a solution for the problem both system level improvements and device 

level mitigation solutions are proposed. In data analysis it is found that pattern of 

tripping is highly weather dependent. This is considered in system improvement 

proposals and regular way leave clearance of identified feeders is found to be 

executed. In addition to that installing auto reclosers at the Horana gantry is proposed 

in order to reduce the fault clearance time and to improve system reliability as it will 

directly reduce number of unnecessary tripping at the grid substation. 

 

As a device level mitigation several options such as static transfer switch (STS), 

uninterruptible power supply (UPS), shunt connected voltage source converter 

(STATCOM), series connected voltage source converter (SVC) cum dynamic 

voltage restorer (DVR) are discussed. DVR is proposed as the best solution for this 

situation as it r 



  

can provide voltage support for individual loads. The power rating of the DVR and 

the capacity requirement of the energy source is calculated. It is expected that the 

outcome of the study would be much beneficial to the customer in solving the 

problem and it would be beneficial to other industrial consumers in solving similar 

problems. In addition to that, I expect it would be beneficial to Ceylon Electricity 

Board, i.e.my employer in managing Quality of Power. 
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Chapter 01 
-----·------~--------------

INTRODUCTION 

1.1 Back gromHI 

Power QualiL\ i:-- Jl! (iSJJ,~ct v,ili\.'11 hi~' h:cn \\ ith w.: sine<.: the inception or power systems. 

Howe\er grm·ing \:m:c:~rn [,) t:1: :ssu,: ins ari~cn \\ith tl1<.~ ntrJ.\t:c(on of power 

semiconductof ~\'.itch.~~ l-1 th: ;r:dm:lr\ ·.\lEn.: lllad equipment is less tolerant and sensitive to 

power qu~1lit\ \ <.,•·imi~ll"l>. \' o!tctgc <.:a~~;. Short in:crrupti(•ns. ! iarmonic disturbances and 

Voltage imh:JL:!lc;..·s a:: th·: !~:osl r:·omincnt pcmcr quality prohlcrn~ iL t )l •l'C'tst·y. 

Voltage sag h<·; ;;ot hc~·n a i'C\\ rhcncn;"•;,p,1 :..l!t rcrrcscnts the majority of disturbances 

facing the ii:dustria! consun·,~..·!·~. ~·inu: th,; m::nttJ:lcturin~,:. precesses increasingly become 

more automat~..d and i nkgml•:d \\ i ~h 1:10dcrn S•.'i1si t i\ e de\ ices. attention to pmver quality 

issues has become rmnni:u:rti. ht.-:!1 short time distmbanccs lastinu for l\iO m~; mav result in ' ~ . 
sewral hcurs; i .1rouuc!i, ;n io's <Uh.i 11n,lr;;.:;_l! ~.:,lnsr:quc;JCcs of ~uch in1crruption may be very 

high. The quaii!_\ o!' nm\er h:1s hc;~o:Pc \cr;. impor~ant as it is having a direct economic 

impact on man' industri:_;! col~SlW!L'fS 111. ! his st~id) is fucused on \Oltage sags out of the 

said JO\C.c'· l]! a! it\ problem:_ 

Merhok f\1[)' l li ], l •P .) I d '. ;,,: c :· 1l;.: JC'it i''du:-.Irial clcctr:cit:, consumers having 

mega scak L! :in·,~!cl,,r; ' 1~k :1iti'-·· cnnlr:·rs P:JdeTn eqLipment 1nc located at Horana 

Exp()rt Pn,cc,~~:n:..: /1"1e. 1 ir::·•::d~ :r 1 r:L:r rvkrhuk \1DF I a!·!:\.a (P\·t) Ltd. as the customer. 

From sc\'CJ<l! :---:~:r~·. •nn·;•L,> . ~~· .. : 1r.:1 k ·:r:r:ate:lly b\ the cus•cmcr on frequent internal 

trirpi1:g du...: tc 'olt·:!:.c: t:'te'Jc;ti(,;':·; in ~nkV CTB :-::istem. The c1 <m:ll'r ~1as claimed large 

number oi' hm;: s nf l ~ss Jf n·c<u: :1r; 1 J'.l': tc sto:ipinf:' o~ machines cat~Sl'd by unexpected 

pO\\t:r i::t.'.'!TL ;-, :n.: lr :1 ':li:; ·, '.n ~~~~~ 1us' ll' pr' d,_ ,:t:o·L b; has f~<ccd expensin~ rework and 

higher il\.:,·h.::.. .,, .· .. i\.:c·oL 1.rc:.: 1 . _ ·.b;'urhance l'Cl': . .:\ls at the customer premises. in 

some mon,!1:-: ;:·;r,nil '-' ."', :Jt:,.:;1 :_l~~ j i gh ~._,; urk? 
• , I 

1 '~1nnn1g per u8:~. A Power Quality 

Monitm h:1s 1.1,.<1 i_'l: • :.\ i' ':·.mi:·'--' !· : ·_c a ~~Jlution t(y th!<. nroblem. 

The CU'.tO!nc:- :c:·, C\-, ,_:_.;:: .. ·c: h;· \i:.?'\ J·:s icsi.:, 1htic··· t.ip1)ing .lCCL!lTS due to the voltage 

lluctmtion:-: in the u ;:i'\ :;y:;;,~n· ;cun ilc !J:,, r·:qu...:.:;t·.:d ~'rom CLB to gi'.l~ a solution to the 

pro:1kn1. \V;,,. ! ~ ' '\ 
': l'- ':.-_·:.l'>llls im.1or!.<:n,:.,: of power quaiity. this is considered as an 

opportunit.' ,_) di:.~·.) cr: '~) t '. "'1 :~ :: n :H· i·:.:,· -m\ . .:r '-.'·:a' 1:. fYJb!cn t!r·ough a proper way 

of stud\ 1ng ti ·. :.c .. · : 



1.2 :\lo!.i\ :ttid·: 

The outco! :k' ~. · r :iU;\ \·.,;·• ' .. ,]o•! J i:·:·h,!nll;:'Y to :•..:,Lee: mm~hn oftrippings at the 

cu~lonlc·r t"',:l:-,.:-,,::-; J:": i. ,,i ;·,.,'lh'r ~:..;..:i>.~ i:' :nc11.:as:ng the fHTI:_\icti\ity of the customer 

prL·mt~e:). 

1'hc LL'Lhnica: :d\ .'!.:..r; I 

~:.S (.: 2 ... t 1 U: ~ i 1 ~ (' ~I,J ~~,!!\\ .. pruhkYn>: J<~ ::;in1:br situations at the 

Indu~.tr\·. 

The uw~cnl ,-.1· (l,~~t~T \'.·c:· u ;~: i i L \ ',: ~ ~ :~: · u.>i!' idl·!·cd ils on,~ pf t11c pt ic\l·ities of electricity 

utilitic.~ ::·1d 'T ·;·,,'- ,' ,:,,:-:L'Jr:•;· :;a•i'>h .. <on. The rcli:1bilit\ imprcvcment will help 

industri.:s :md :l:t::n:11' CC\•ilClnP :~uract ,.:'' .. !·c lnY::<~or~. 

1..~ Obj~~,-~~.., ~-· 

The oh:ccti' cs t)(i'~i> -n ·: • l ~- t ;, t 

6> lckn~i··~. the r !J! 1 1 ·:r)~i:..:l t ~:, ·~ l-·.'! ·, .. :: ~ 

7l ,-~-. ~h ~"-- · .. ,~ ~lt.l·1 '""" -~:1 ~::.:';.: ::1~_:L',~~tic-P iQ:l<, <ii1d de\ icc level ~ag mitigation options to 

·~ol·\._'1:-! .. J: ~n+· 

1.4 Tht: St:Gf-': pf V, xk 

ci'h:: sc~·nl'' c' ;· '' ,J::,:i ,_ -.·'1\r j,\::~:;fica:icr,_ ''rnh /'1g tht prol1'c"n using practical 

da!a~ d,·aP;n~2 ~~ !r;~~·l:1,\'iu>;~;: \l: .-.;n1, ·Lg t;:,_; r":·r~lL.:rn nnd cn!H:!u~·ion. 

The lhL·si~ h<1:-; 1 :11 '': ; / _l ·, ~ ! ,::_·•s.:-· 111; .1: (.:h:1111er:; as ckscri~:cd helm\. 

• I he V•:h!i: ':\ ~ r:~cz~~··L,t ~c>: ·-t.-::-; r··cc 1 ... .-~; c:! in Ch:lpl .. ,- 1 

• l"l';·,: i)ata ~ "! ~ "· :1 : ., l?'~·--:l:li l._( :~t ( 'h:: ,··--cr 1 

• I ),!L.~. /\ '\ ~·~ :·; : ~~ -.~d!"!' .. -- n t . ;· :~-.~r<·,· --+ 

• Ti. : 111 :tllO'.IU ·.d ~ul<\r.:_: :f;L· rd·uld~~!:, i~; ('.\pl~~n1cd i~-, ('l~ap1er 5. 

• f1c· ~\~<l1~i~ :' ~;;·<.'!'_-.:· l~Ll ·n i .. : :· 6. 
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Chapter 02 

VOLTAGE SAG CHARACTERISTICS 

2.1 Introduction 

This chapter focuses on discussing the voltage sag characteristics. equipment behavior under 

voltage sag condition. propagation of voltage sag in the power system and the voltage sag 

detection techniques. Voltage Sags are said to be most severe as well as most common power 

quality disturbance faced by industrial consumers. Voltage sags can be caused by network faults. 

reclosure operations and by the start up of large loads such as induction motors. When the source 

of voltage sags is concerned it can be on the utility side or the internally within the customer 

premises. Voltage sags caused b) the system faults are much severe compared to the voltage sags 

caused by the starting of motors 121. 

2.2 Voltage Sag Magnitude and Phase Angle .Jump 

Voltage sags arc characterized by reduction in voltage between 0.9 pu to 0.1 pu in rms voltage at 

the power frequency for duration from 0.5 cycles to I minute [ 11. Therefore voltage sag wave 

form can be defined by it's depth and duration. llowever the voltage sag can be complicated due 

to the associated phase angle jump <:~nd voltage unbalance caused by asymmetrical faults. This 

voltage unbalance and the phase angle jump have a greater influence on tripping of sensitive 

equipment. Types of electronic equipment such as variable speed drive controls, motor starter 

contacters. programmable logic controllers. controller power supplies and control relays are 

sensitive to voltage sags. Loads such as thyristor based drives are sensitive to phase angle jump 

and it can lead to detection of wrong zero crossing and firing of thyristor may take in wrong time 

instances. 

The duration of voltage sag depends on the fault clearing time of the protective devices. 

Generally a transmission system is equipped with fast acting circuit breakers resulting short 

duration voltage sags. l3ut m a distribution system sags \viii last longer as fault clearing times are 

comparatively higher due to over cu1rent protection systems. 
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Propagation of voltage sags depend on ti;e path and devices in the path. Voltage sag originated 

in transmission system propagates ro a longer distance than that is originated in distribution 

system. Thus for a t~wlt on a 220kY transn•ission line. Voltage sag may affect sensitive 

equipment up to several kilometers [2]. When the sng originates in a distribution system they 

propagate to a comparatively shorter distance. 

2.3 Calculation of Voltage sag magnitude 

The power system upstrew11 to the point of common coupling (PCC) is modeled as a voltage 

source behind the source impedance Z,. Z, is normal!) calculated based on the fault level of the 

PCC. Since the short circuit curreni due to a fault is much higher than that of normal load 

current. the load current is normally neglected in calculating voltage sags. Voltage at point of 

common coupling (VI'cd can be \Hitten as below [21: 

V~cc 
/f l Sot: tee /s 

~ 
.., 

To Load 

Fig. 2.1 Voltage divider model to calculate voltage sag parameters 

A voltage divider modt:l is genera:ly used to calculate parameters of a voltage sags in radial 

system as below. 

ZfE _ 
- - ~l .!:.:,pee- [Zf _ LSJ 

:l§_ 
Vsag = [7c- .=-ll - ~~ 

Phase DeFiation =tan-: [xf/rf] -tan -l [(.Xs -- )fl)/(Rs- rfl] 

(2.1) 

(2.2) 

(2.3) 
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PCC =Point of Common CoupliPg 

~pee= Voltage at PCC 

~sag= Magnitude of remaining voltage at PCC 

Zf =Impedance between PCC and fault location 

Zs =Source Impedance 

E= Source Voltage 

:=line impedance per unit length: i.e. rf- xf j 

I= distance from point of Common Coupling 

As the feeder impedance Zf depends on the distance to the location of fault from the PCC It can 

be \vritten in terms of the distance and !inc impedance per unit length. 

2.4 Sag Variation 

An example diagr<Jm showing vari:~tion of sag voltage magnitude (PU) with fault distance is 

shmvn below. This is a 33kV feeder at Horana area fed from Horana GSS and Line impedance is 

0.431 +0.375j per km. 

Sag Voltage Variation with Distance 

1.2 

:;-
~ 
Q) 

F o.s 
0 

0.6 > 
Cl 

"' 0.4 (/) 

0.2 . 
·)1: 

0 
0 1 3 4 6 7 G ~ C- ~ 1? 13 14 - ":( ~I 18 1S 20 2; 22 23 24 25 26 27 28 29 

Length (i<m) 

Fif:,'.2.:2 S:rl'. vo!~agc magni<ude (PLJ) \vith fault distance 

Sag Magnitude incre<:ses as the oi:-:tance to the Ewlt increases and Sag Magnitude increases as 

the fault level increases [21. In a stronger sy~tem \\here Zs is smaller a larger Vsag (means less 

voltage drop) results in. Pl1ase angk jump associated \\ith the voltage sag depends on the X/R 

ratio difference between the source and the feeder impedance. For a distribution system X/R 
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ratio is less than the source X/R. f lence a negative phase angle jump is often accompanied with 

voltage sag due to a f~wlt in distribution system. 

In a meshed system like a t:·an<;mission system different approach is needed as the system 

becomes complicated vvi!h the loop lines. Thevenin's superposition theorem and node impedance 

matrix principle can be used to calculate the voltage sag parameters in a meshed system [2]. 

2.5 Voltage sags due to switching of large loads to the system 

Except for the pO\vcr system faults. other source of voltage sag is due to the connection of large 

load like induction motors. Induction motors generally draw 5 to 6 times ifs rated current at the 

start and this current gradually decreases vvith the motor reaching it's rated speed. The duration 

of the sag depends on the mo~or dynamics. I he dynamics of the motor is decided by its 

parameters mainly on the inel'tia of the motor. 

2.6 Voltage Sag Propagation in a Pon er Distribution System 

A distribution system is normally radial other than exceptional places. The distribution system is 

connected to the transmission ncmt;:-k through transf(Jrmers, resulting a higher per unit 

impedance at the distribution network. rhereforc t~e location of fault is very important and the 

consequence due to a Lllllt can af!ccl a iargc or rcwtively small number of customers depending 

on the location or the t~lU it. 

Due to the system interconnection the voltage ~;ag may occur in one part of the power system 

\\hich are several km <.h\ ay ll'c:m the on gin of' the voltage sag. An example showing distance of 

sag propagation \\ith lhc short circui: current of the system voltage level [2] is shown in Table 

2.1. 

Voltage level 

I (kV) 

230 

----~---- --- ·---------

A vailablc 
----- ----- ------~- -- --

t :~~~: 
----------------- ----------- -------------- ___ J ________ _ 

50 

"" .) _) 

I l I 0 km I 45 km 

50 km 20 km 

. :;(;im ---------------TI5-ki1~ 
' I 

_ _l _________________________ _j ______ _ 

hort circuit current 

/SOkA 

1 I so km 

122 km 

Ill km 
7km 

Table 2.1 F\:amp!e di~tancc at \vhch i~lt:lt leads to a noticeable sag 
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An accepted demonstration of different types ot' voltage sags against duration is shown belmv 

[3]. 

• 
Valtagc 

j()(l0 o 

'i()''o 

()0" 

;) i \ 

Local MV N8twcck 
F8LOit 

~ 
IS 

Motor S~arting 

Interruption 

Duration 

Fig.2.3 Causes of Sag origination 

.... 

Computer and Business Lquipment Manuf'acturcrs Association (CBEMA) has introduced 

CBEMA curve for computer~ and computer related cquipments. The curve was originally 

developed to describe the tolera11ce of \1ain fran!:: computers. While many modern computers 

have different tolerance dif'ferent from Ibis. the Curve has become a standard design target for 

sensitive equipment. The axes !'<..:present magn!tude and duration of the event .The curve has 

since been modified and no\v knm"vn as the Information Technology Industry Council curve 

shown in Fig.2.4. 
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F.g.2.4. Information Technology Industry Council curve for computer equipments 

The ITI (CBEMA) Curve c'cscribcs an AC input voltage envelope which typically can be 

tolerated (no interruption in t'unction) by most lnf(xmation Technology Equipment (ITE). This 

curve is applicable to 120V qL;ipmcnt. 
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Lmv power as well as high power rated equipment nrc susceptible to voltage sags. The customer 

premises is having lot of Program~11able Logic controllers (PLCs) and Variable speed drives 

where the effects of voltage sags on them are very significant. PLCs are based on power 

electronics control systems <~nd sensitivity of this equipment to voltage sags varies greatly. 

Voltage tolerance range of various equipment presently in use are explained below [2], 

I Equipment ----~~~~==----=~-~=-~~~~olt~ 
I Upper range I !\vera~:, 

--
e Tolerance 

e range Lower Range 
----+~---------~---· -----~~------

1 

/Q 7co; ' ')( ' _ ms. _) ;o 1 _ )U m 
. + - -- ---- i -

1/() n-s 8()0;.: 1 4n1 1·1s - "· .o I u I.. 

' -- --------------+-------
5 h.p. AC drive 1 30 ms. 8(Y/o i 50 ms. 

--1-----c -· ---- -----------+-~ 
AC controi relay I I 0 ms. 75% i 2\) ms. 

---1---- -- ------------·-~----~-----
rter ! 20 ms. 60'i'o i 50 ms. 

------+-----------1---
mputer i 30 rns. 80% j 50 ms. 

PLC s. 60% 620 ms. 45% 
~ -------

55% 40 ms. 30% 

75% 80 ms, 60% 

65% I 30 ms, 60% 

50% jso ms, 40% 

60% l7o ms. 50% 

-

PLC input card 

_[_ _____________________ _j 

Tabk 2.2 Voltage tolerance ran&:c of various equipment 

2.7 Programmable Logic Controllers 

PLCs are used to monitor indu-;trial processes in such a way that they can monitor the status of 

the devices connected as inrut ofcen<:in processes such as relays. switches and sensors. They are 

based on povver electronic control systems <md have a computer memory. The software 

determines the status of the de\ ices connected as outputs for instance, alarms, lights, fans. etc. 

The sensitivity of these cquipmcn[ to voltage sag~; \aries in a wide range (please see the table 

2.2). However ne\\Cr PLC controllers arc found to be more sensitive to voltage sags. 

2.8 Compute•· Power Supply 

A typical computer pm\cr :-,uppiy c,msists of t\\O arm diode bridge rectifier, DC capacitor and 

DC-DC converter. The AC inrut power is rcctilit:d through the diode bridge and output voltage 

ripples arc smoothened by DC cap:H:ito.-. \Vllcn the supply voltage drops due to voltage sag the 

diodes stop conducting. Lncr:ly is transferred from tne stored energy ofthe DC capacitor. lfthe 

input DC voltage drops bey or,d a certain minimum value. the regulated DC voltage starts 

dropping resulting in an error in sup~•l: .. 
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2.9 Adjustable Speed Dri·,,es 

Adjustable Speed Drives are ''ide!;. u~cd in nwdcrn industrial processes. Power quality surveys 

have shown that ASD are rnotc ~;usceptihle to power quality disturbances in the form of voltage 

sags. 

2.9.1 Adjustable Speed AC drives 

In a typical Adjustable Speed AC drive, the supply voltage is rectified through the diode bridge 

rectifier and the cutput voltage of the bridge is ~moothcned out by the DC -link capacitor. (The 

DC-Iink capacitor is selected to meet the maximum allow~;blc DC-Link Voltage ripple). The AC 

motor is controlled b\ magnitude. ;i-cquency and phase adjustments of the voltage source 

inverter. 

When the supply voltage experiences voltage sag the line to line supply voltage is less than the 

DC- link voltage. Under this comiition the diodes don "t conduct and there is no energy supplied 

to the DC-I ink. the DC- link volt<tge start to drop dnd the motor will loose it's control. 

2.9.2 Adjustable Speed DC llrives 

Adjustable Speed DC drives arc more vulnerable to voltage sags than Adjustable Speed AC 

drives as there is no DC link caracitor in the drive system. Any voltage change in the supply 

voltage immediately relkcts to th~ DC Fnk voltage of the motor. As the rectifier is thyristor

controlled type the mdtor controi icr perl(1rmance not only depends on the voltage sag magnitude 

but also on the phase angie jump ussociatcd with the voltage sag. The phase angle jump may lead 

to detect \vrong zero crossing and the controller \\ill not perform as desired. 

2.10 Voltage Sag Detection (echniques 

Due to harmful con~,..:qucnccs ot' voltage sags customers as well as utilities have paid more 

attention to iind a solution. Mosi of the so:u<ions proposed arc in the form of custom power 

devices. Under the normal opcra~ing conditions. voltage sag mitigation devices are by passed and 

it will be on line as soon a:-: v<JIL~ge sag is deteetcd for performing its task. Detection of voltage 

sags plays an imrortant role in pn,per operation of such mitigating devices. 
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Delay in sensing the supply n:s1ilts in it~creasing the time to bring mitigation devices in to 

operation. Basic requirement of such a dctecti<)n method are speed accuracy and robust 

characteristics against noise. 

Supply voltage parameters I ike rnagn itude and phase are necessary to implement control 

algorithms of some devices. Therefore selection of a detection technique plays a vital role in 

voltage sag mitigation. Popular Sag Detecti,Jn Techniques commonly used are Discrete Fourier 

transforms (OFT). Kalman Filtering l'echniques and DQ Transform method 

2.11 Discrete Fourier Tmn~form (DFT) 

In Fourier series and in i·ourier integra! both the nhysically realizable time domain waveforms 

have been converted to ii·cquency uomain and vice versa. Past voltage data is stored in the 

memory and for ever;- sample real anJ imaginary parts of the voltage is calculated. Then the rms 

voltage and phase shill ofthc s~1pply voltage can be determined. 

2.12 Kalman Filtering Technique 

The Kalman !'tb:r is on line. rcc~n·sive. optimal estimates suitable for a system described by state 

variables which arc corruptcJ by noise. The Kalman filtering technique for power system 

application is gaining the acc,;ptDncc: due to its S['eed. accuracy and robustness. 

2.13 D-Q Transform 

In this method three phase voltage quantities we transformed in to synchronously rotating 

reference frame \Vherc om? axis (d) !s locked to the supply voltage phases. The supply voltage 

magnitude can be csti matec usi nt( u.q component o !'vector. 

/~\ ,, 
/--_:," 
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Chapter 03 

DATA COLLECTION 

Problcr:1 ident!tication has be..:n done based on the practical data. Practical data has 

been categorized as Primary and Secondary data according to the importance. Thus in 

data analysis. culcula1ions arc directly done on Voltage measurements and break 

down records of the GSS tlnt haw been selected as primary data. Network Details 

and Equipment Data at customer nremiscs which can be used as supportive 

information. han~ been selected as secondary data. 

3.1 ?rima!") Da~a c~trgoty 1: Mtasurement of voltage & current at the 

custome1· pn:m[scs 

In ord.-:r to identi i\ th.: '1robkn1 \ oltag:; <:no cutTcnt data has been obtained at 

custom·:r premise~: 

3.1.1 Method of obtaining primary dl:l.ta 

A Pov>er Quality Analyzer has been installed at the customer premises. It is fed from 

the 3JkV utilit: 'llpp\ thL"Jg~1 a pcLn1:,11 tr".l1sform~r having a ratio of 33000/400 

and a curr,_;-nt trc11~ f<.Emcr1laving :1 ratio or 200/5 at the customer premises. 

33L~ V 
Suppl\ 

---------------------------j Data 
~-- ---------------- -----~nah ;cr 

1: \ ~-- --~~--~----~~-=:=----------
-~_±+-/ / \:===-=~------_ Load 

=~-:~t~-\" \.. ;---
.... ____ -----· 

~3/1 ikV 
I 0 ~/!VA 
TT 

Fig.:~.l Mc;:stlr,;mcnts of\o!t<:gc and current at the customer premises 

3.1.2 :'v1casurcmrnh 

Measurements of \O!tag.:: and current h:nc been obtained from Power Quality 

Analyzer inst2l led at the cuswmcr premises as mentioned above. Electricity 

waveforms ha\e been monitor::d <~nd ston.:d hy the equipment continuously. It has 
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been noted that lhe Corm of disturbance the customer faced is the Voltage Sag 

problem. 

Continuous analog vo 1 ~<;gc anJ current are recorded against the time as per the IEC 

61000-4-30 131. IEC (Jl000-4-30 provides an international definition and 

measurement method 1~)r the m<,sl com:non characterization of voltage dips (i.e. m 

terms of magi1itudc (illd duralion). 

For the measurement of dips ~LC 61000-4-30 states that the basic measurement of a 

voltage dip and swt~l! shall be t iml'i 1 i/'J which is the \ aluc of the rms voltage measured 

over one cycle and refreshed each half cycle and dips that involve more than one 

phase should ha\.: h'2en dcsigm:tcd as a single event ifthey overlap in time. A form of 

the \\aveform ohtai1x~d r') the data analyzer are shown below. 

Fig.3 .2 T~ piud sac! \\ :n eform ~'bta !ned bv the data analyz~.?r (example I) 

Sag Voltage <y, = 93/110 ~ 8-L55 

Voltage drop == 15.45 

Duration - 2s 

Sag Voltage= 27.9kV 

Voltage drop = 5.1 kV 
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Fig.3.3 Typic<~! sag \\aveform obtained by the data analyzer (example 2) 

Sag Voltage%= 98 I 110 = 89.1 

Voltage drop = 10.9 

Duration = 2s 

Sag Voltage = 29.4 kV 

Voltage drop = 3.6 kV 

Fig.3.4 Typical sag waveform obtained by the data analyzer (example 3) 

Sag Voltage%= 92 I 110 = 83.6-1 Sag Voltage= 27.6 kV 

l : 
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Voltage drop =- 10.9 Voltage drop = 5.4 kV 

Duration ~c .~s 

3.2 Primary Data Category 2: Break-down Records 

For the proper investigation of1he prohlcm following data has been obtained. 

3.2.1. Break-dm\'n Re,·ords of the customer 

In this study the hrcak-dowu rcpnrts or the customer has been obtained for the period 

from January to December 2007. Break -dov,n Records of the customer includes date. 

time Reason for fai!ur.:. Rcstor~d Time. and Production down Time and Remarks. As 

an example a lC\\ hrcak .. dmvn records obtai,1cd for the month of August are shown 

be]G\\. 

Time 

Down 

Time Remarks 

(min.) 1
-··----·--~----------~1 -----·----~-

1 ··im;,; 1 

Date i \ Reason 
i lctilcd ' 

'{estorcd 

46 33kV VCB Tripped 
Under Voltage 

I . 
·------ .......... ··- --· -· .--- ---1-----------------

August 4. 2007 2.5·+ PM [ CEB !·ailure I 3.40 PM 

48 33kV VCB Tripped 
Under Voltage 

' I ---·. . --- ·--·t-- -· ·-··------·-"! 

A · - '1()')..., ., ,- p~1 i I o ()9 PM ugust).- \ , IS .... ) h. I CFf~ Failure i 1. ' 

+-· 

I 
I 

53 33kV VCB Tripped J 
Under Voltage ~

. . : i 
.---·--·--,------·--·- .. +--·---··---------·--r---·----

[) ~, . : ·r- . ; ' i i '7 - -~ ~t l\. _Oll7 · 7.0" ,\,\! ! CU3 Failure : ,_)3 Al'vl 
L_ _____________ ....... ____ ·-- ___ :... .. ---- __________ l _________ __ 

Tahle J .l ;\ lc\\ Lmo:·<d--:-c~own rC'2\lrds \Jbtained for the month of August 

3.2.2. Break-down records at the GSS 

Feeder tripping ar.d relay sLtri .imes h<.l\e been obtained from Horana GSS relevant to 

the instances of tripping occi.l!Tcd at cust,,mcr premises. These data has been used for 

analysis in the chapter). As an cx<!mph.' soiT,c records obtained from GSS relevant to 

the insta:~ces ,.Jftripp;ng oc;:urrr.:d at rhe customer premises are listed in table 3.2. 
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----------- ----------- ------,-R~~~;~~d~dd-ete'lib at ~I 

I 
Comments I Date Time 

the CJSS I 
--- --~--:------------ ___ __L __ ~--~------- . I 

August 4 . 2007. I CLB railurc 33kV I F2. Earth Fault Merbok is fed by F2 of Horana I 

2.54 pm I T;lllp:l: .----· I _ --.. _ ----- GSS ,this is an earth limit I 

CLB f:1i!urc .33k. V+F5 !'ripped (I 
I 

18.25 pm i Tripped UV \ codo.;cd). Eanh fault \ due to sag voltage wave ] 

I 

uccurrcd at L1giriya \ 01 iginated due to tripping of [ 

~id1:. ~ceder 05. I 

I Aug",, 8 : 2007. - ('Til--lir;: ;, ;:z : n k \ + i• 5 ';p~r·akd" : Earth (' "'tomcr prcm i scs has tri ppcd ! 

1

7.00 am ! ripped l:v l ault. 0/C due to sag voltage \\ave I 

I 

originated due to tripping of 

feeder 05 
_)_____________ _ ___ _____l -·-----------

Table _1 2 A few break-dm\ n records obtained at the GSS 

3.3 Secondary Data Cat~~~on 

3.3.1 Network Details 

Network details of llorana 33kV system has been obtained and used in the 

investigation. The:-;c nctv\ork ddails include 33kV feeder lengths. feeder routing, and 

location of protection and isolation equipment etc. Network details available in the 

existing SyncrGce d<:t~L~clSC ur \\'PSI! ~:''C also mcd. 

3.3.2 Equipment detail:<> of the customer 

Equipment details of the customer have been obtained (See Annexure III) and Voltage 

sag has a greakr cftecl on sensitive cquipments. 
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Chapter 04 

DATA ANALYSIS 

4.1 Data Collcetitm 

As explained in chapter :2 hcak dm1. n d:1ta has he~..'n obtained at customer premises and at the 

GSS. 
The sag voltage data obtained fmm lhc customer rremises an: classified and reported according 

to depth and duration (in accord<-'!11.>..' \\ ith the techrical report IEC 61 000-2-8). When classifying 

sag voltage data f(llllm ing ilT.rorLmt pt,ints arc r:ok:d. 

When there arc seven~! sa~~ cvcn:_s in ~·iose succcssicn. considering them as several sag events or 

one complex multiphase s~1g cv-:.H !;:~~; been done depending on the severity of the sag event 

(based on details ofcus:omer con~ments)!-ll When sJgs occur in quick succession, typically as a 

result of reclust:r operation. it is t:nlikely that the.;;e events to he recorded as individual sag 

events. The formai is :machc,J c:s l\nnexun: l! 

4.2 Data Tabulation 

Voltage sag <.!ata has been \<~bulakd ,,cum!ing to !1-IC sag volta::;.c depth and duration. Summary of 

total collected Claw gi\ t:n f·,clov .. 

I -- T-------- c---- - ------: -T------------1 
Voltage 1 0.25 (s)-(1.5 ('. i ~~-~ (s l-1 (:;) : I (s)-3 (s) 3 

Depth ___ -·----- _________ __ __ _ __ ~----------y' __ 
80-90%__ +------ :+____ _ ___ il ____ J _____ _3_2_ -- --
70-80% ' ~'~ 11 60-70% - ,_ -- - ~---- - -- ,-- -- - ----- -- ------- --

---·~--·--- - ""='- - - - - - - -- ---<- - - _.==- -- - --

)-20 (s) Total 

1 49 
35 
1 

~~-- -~I~~~--:;--- ~---:-=~=~~}]_~~= ~t:==:=±-'~-~-=j---- I 85 

Tclb!e -+.1 l"oui ,., . .:•cs ufVoiwge S<lg~ from January to September 

Total events located a:-; Voltage :-;;•~s -g) 

17 

>; 
~a ,. 
·I, 
1,~ 



Collected Voltage sag data for the months from J&nuary to September 2007 is given below. 

Months 

January 

3 (s)- 20 (s) 

Voltage DeptiJ '------- _____ r _____ v_·o_lt~l_g_e_~tion __ ---,--------1 

('Y.) of Nominal 'I ,- . _ ., I _ _ 1 _ 
Voltage) ' 0.-=' (s)-0~ 0.~ (s)- 1 (s) 

1 

1 (s)- 3 (s) 

so - 9() % I - L l . 2 

K:U~ ~ --~=r----~--~--~~------t-_ f ~~----~------~---!- ------_-,_-__ -__ -__ -Fr----~----ll 

'f:~:--~~±~-~ct=t=r -
:'i ) - 60 - I - " I I I ~-.--.-,,-·-·-- - : I I 2 -

-~~) :_- ~~0) ";:' -- --- ---~----- --, I I -
.' -- 0 0 - --- -- --·-- . ----1--- - -
~,i) -- 7 0 \~<) - ~ 

------ --~·- ----· I 

~l) 60 c~ --------+----:----r 
~:-__ J!l ,, ~- ----- -- - ------+- ___ !__ --+ 4 I - I 
7" - SO ''!, _ I ___ _2__ I 1 

--- --- ------ -- ~ 

(/) - 70 '~~) J. J_ 
- ---------- ----- I 
~(\ -- 60 ~~'·-, 

February 

March 

April 

-
3

-· ~~~~ -~- --- ------ ! ----~=- --- ~ ___ -~ ~ I - I 
- ----- ----May 

7' 

(.I; --- /(~ (; >j 

~. '! -- (,() % - ---- - -- ~---- ---- -- ---1- -- I - I 

June 

- (/'• 
--;·'_-- 8~:~-~~,,-,--~--- ------

---------- -----
-- I ----t - 6 ___ L_ -, I - I 

') 

( - jt) ,') 
--- --------- -----··------- -----------------------

.:::,; '- (/) \y) 

Jul) 

, : , -- ~x) (·,) 
- 2 
) I -- I __j 2 - -----j ----- .... I_ 

- '31: ' 

-------~----- --- -·- ------------

\1\J 

.. ----"·-------·---· 
~,; - ~ 

----------------- --- ---~-- --------

August 
! I ~~()' 3 

-----------~~- ------------ --------~---~-- ---~-·-----

', .. 

-·---~:.:~ . ...:--=---· -- -- I - I 
;~ . ( l 1 _ _:c5.__ __ -+--------l - ------------ ---- -- ---- -----~----

September 
- :; ) ' -1-

----·------- ----------------------------------
} --- / \) 
-------------·--- ------~--------

) -- \)i_; '; I -----.... -.. ____ _ 
j,,;,,i (.' i-+ 37 4.., 

_) 01 
--- ---·-··· ---------- ___________ , __________________ __!_ _______ _. 

l abk 4.2 \' o lt<~gc sag data hm1 J ::muary to Scptcm ber 
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Considering Jb;;\e dau. the vo tage sa~s in the range of 801Y<J-00% and having duration I (s) -

3(s) are the rwl~ comnwn. The voltage s:1gs in the range of 70%-80% and having duration 0.5 

(s)- l(s) are the sccc:!d n<ost wnmwn. As rer the voltage ~.ag studies. the disturbances in the 

range of magnitude ti·om 70%-90°itJ for the dura~ inn !'rom O.l-1 s normally occurs due to faults in 

the local disu·ih .. ni,ln :'cl\H>rk ard faults in the nei.~hbor~ng di·;tribution network (Fig.2.3). In this 

practical situJti•.lll ~.ag duration~ <Fe sc<!nc \',hat higher than 1hc expected theoretical durations. 

Some sags in th..:: r:m:,>·-~ of 70o/n-80°·() has retained up to 3 se~onds. This might have happened 

when sags ocu:r i:1 qu:ck succcsc;io:J. typ:cail: us ~! result of reclosc:r operation. When events 

have occurred k:-;s wan a min~Hc ap~m. or:;y the event V\ ith the greatest voltage depth is recorded 

[5]. When ob~:crving l!le ;weak dcmn !"~;.'•.:u:-ds m llormu CiSS it is noted that occurrence of 

Voltage sags \\ 1th lon~er Jurat:~!;1 kts a telationship with auto reclosurc operation. In Horana 

33kV netv .. ork ti·!e Clbiot~ler is :.:·d ,com _() kV l ceder number 2. Feeder number 3 and Feeder 

number 4 go to i torana g:u1try ard having auto rccinsing facility l()r some of the outgoing feeders 

at the gantr) . 

F-~~~~=o=•~==~~~~=~-=~~~ 

; i''umocr of Sag Events Durat;on I 

• bi) 1 

t/) 

No ci Events 

3'= 

20 

·J 
: 4 i 
'··-~ 

. I 

1
1
'' I 

[_j 

32 

i ' 
[ __ j 1 

r 1 

C . .:5 •,s) 0 5 (s)-1 1 ( ''2) 3 (s)-20 

0 ') (s) ( ~) (s) 

Dur.•·'i 

~~="·="·•~~"~ ·o=.o=:•~ 

D 50-60% 

0 60-70% 

!!I 7080% 

D 80-90% 

Fig: ·.f. 1 N:.li::l-;cT · ag C\':J:b ot'di!fcrcncc duraLion 

4.3 Voltage Sag magnitude cai':PhHimJ p<::r :'r·~ net\\ork topology 

4.3.1 Sag Voltage V<lriation k · '' '~' ·<->' :•Hne ···;u t cowiition 

! 

Theoretical VaLli.'S of' ~~,g vo:tau.:. h~:vc t·!,_tn cak>.d;ikd for thccc ph<tsc fault condition at all 

33kV feeders in Ho;·;m:J Ci~~s. S:.::{mdl\ .; ''lr'C o'.\<.: 1 ncn·.b~lit) has been identified. 

{'\ ,-' ·:" C. ,r 
.. ,, -~ ' 1 ~) • 4 
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Voltage Sag ch~;;·,.:lft',·i, ic E~a' kngth 

When the abO\..: "'ll•.1' i · Clll'~ rncd it is clear lhat the magnitmk of voltage sags will be 

sewre \Vith out :hl· ;\Cl. ·'lll\\u· ·,Ja:1t. i > !ncidencc·'> vvhcn ACE pov,er plant is not connected 

to the sy~tcm ~lild :; •,·,- 1hc ; .. ; ~r,:T!!C!1t of ACF nower plant in 2013 the system may face 

voltage sags wilh ';it:i,:.:r !r><lr_':i;;,:.k. 

4.3.2 Sag VoiL!~!.~ V:v:<cl~or: ft ·a Sin~!,le line to ground fault condition 

Single line w El\ :;n, 1 l·,!!:l CP'i"i'i,•n ks heen non: cornmon than three phase symmetrical 

fault conditi;)!! i~l t1w '·L'! .'ct\:d : r.;(l, Tlv.:oretical Values or c:ag voh1gcs have been calculated 

for single I inc tc .:!;d r,ll':~ :·,,ndilic'n at all 33kV fecJers in rlonna GSS. Secondly a zone 

of\uJnerabililV \,iS fn'l1 .. knt; :l.'(! 
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4.4 A Data Analvsis 

To understand the nature of 'ok-ge dips foliO\ving analysis hcwe been done using the 

different methods a\ailahk 10:- r'.ow_;r quality analysis, 

4.4.1 Voltage Magnitude -Duration Charts 

According to the research ckne : 1 the field of power quality voltage dips have been 

categorized according to the sot~rcc. duration and voltage drop [7]. The reason of different 

voltage dips in t!J,: :'\es of dur~'~ :on and magnitt:de can be depicted as below. Different zones 

haw been idertificcl J<.;: /\.B.,:._·_') c 1d F. 

Rcma:ning \ ultagc 

4-
! 

l () ()'~ () I) 

--~ ! L~ 
~----I ----+--

1 I , ' 

__.__ L~-~ 

xo r 

~0° o \ 
I 

I 

B 

!Jurat inn (> 1 ____ j_ 

"' 1 ' 1 " 

I ig: 4.20 V .>ltagc ~Aa~:1ituc!e --Duratio:i chati for voltage dips 

A·-· Fuses Blown 

C c Faults in Local distritution network 

B =Transmission System Faults 

D = Faults in other distribution network 

E ·= Motors and trunsform:rs !~wlts F = lntcrruptiLV1S 

The sag Voltag;.· Jaw ~~h1.aincd ;,: th;; c:tu.Jy can be depicted ;n the as belov •. 

1\.ct-:Lilll::l~! \ ,',]UJ~c 

h. 

I oon o 

Xll 
D E 

,-----
)0° o 

----. \ g 

c 

' \ i 

---~ ___ j_ __ j__ -- -- ~------
!)uratiun h ~ _____. 

(, 1 '- ! ~ 

Fig: 4.21 Voltage ~;1agnituck --Duration chart fnr voltau.e dips in this study 
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This leads to the ct,n!lrmation thal the volt2~~c s1gs originate from the faults in the local 

distribution network :.md from t~wlts in neighboring distribution network. 

4.4.2 Calculation of Voltage !'JiTJ Lmlkcs 

Voltage sag data analysi:-; ~1) to cou1 ting of eY(;nts is done in this ~ection. 

4.4.2.1 Counting acrnrding L: ES~<.Or\1 tab!e !8J 
ESKOM is a South Ai'rican ut:;;i\ <:ild LSKOM tahle gives a tvpc of sag characterization of a 

site as a measure of all the sag~ :\.?C(>rdcd over em agreed period (u:-;ually a year). They define 

rectangular regions in the du•w.:o11/magnitude plane and give the number of sag incidents 

falling in to each region. 

The voltage sags c:T ~:rcupcd 'J,:u.r,_;ir)l {()the !'clllowing cha:::.cte!·i,t!cs. 

ClassY: 80 %-90% rnagr:ituJc. 20ms-3s durati"1n 

Class X: 40 %-80% magnitu(ic. 2dms-150ms duration 

Class S: 40 %-80';;;> nc~gnitud •. :·. l SOn:s-6\)0:i>S duration 

Class T: 0 %-40% magnirudc . ...:Ln1v6U0:11s dttrmion 

Class Z: 0 %-80~i1 magnilude. (J\:Om.-;-3s dun1tion 

A graphical rqxec~·?n :11i:1t of•L:, j, 'n r-:g.~ :?.. 

Depth 

X 
r-
! 

20ms 

----- -··---- -----

' _j-

rT-, 

s 

'V~-, 

I ---.-+----- -------- -----

··---··-

7/ 

-------·- ------ --··---- ----·----- ---------------- ----------------
------------·--· ---------. 

i 50ilh (100m~ 3s 

ri~: ~'+.2~ r,~kc\fn table 

Onr:c~tion 
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:pth 

,{ 
~- ! 

~ 
------ -------------- ---~~ -~------ -··-------------

! r- -----------~--
----- ----- ------ - -~ ----

X s 
z 

1-, 
-·--- -- -·------- -~----- --------- ---------

----------------- Duration 

20ms !SUms 600m:; 3s 

I ig_: -L23 bkn1n table fc1r voltage dips in thi, stud) 

Practical values of Voltage sa~, data arc ir:dicated in the sccocd ESKOM table. As per the 

diagram most ( fthe di:;turbance:- :!rein the clas:; ofS. Z andY. 

4A.2.2 Counting ~!C('ord_ing to EPRI -- EJeetrotck !91 
When analyzing s~lg \ uh~~c data <-~ccording to EPRI po\\ef quality survey the magnitude 

duration plane is di\ickd into t]vc magniwdes and three dun1ti,m ranges. 

RMS variation fn~quenry for voHagc thresholds X; RFx with X= 90~/o. 80%. 70%. 50%. 

]0°o: the numhc:- or ~\C!llS 1/;'r )':ar \\ith mag:1;llldc below X. (_:f'd duration between 0.5 

eye les and 60 ~. 

Instantaneous HMS Yariation freqm:ncy ft~r yoltag;e thresholds X; IRFx with X = 90%, 

80° o. 70%. 50'Yo: 1i1c m: n~~cr or eve:1t_s per year with magnitude bc!O\"- X. and duration 

between 0.5 cycles a.·:u 0.5 :c. 

Momentary RMS Y<Jriation tn::qucn~y for voltage threshnlds X; MRFx with X = 90%, 

80°o, 70%. 50%: the number or C\1~1Hs per year with magnitude belo\V X, and duration 

bemeen 0.5 cy ~ks 2,1d 3 :: 

Momentary R"'/iS v<:~riation fn:t':tH.:nq fnr Yt~H<!ge !hre~hoids tO'Yt.; MRFlO: the number 

of events per year ··v itl1 r::·_ 2~~~~1:lck! .~lmv X. anJ duration buvvccn 0.5 cycles and 3 s 
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Temporary R\1~ va~·iatil' 1 l :cqt:c:-.r:v hr vuitage threshold X: TRFx. \Vith X=90%. 80%. 

70%. 50%. I ()1% : the rou,nbc-r of ·~~\-cr;1s ;~:cr yt-ar v-.ith mat~nitude belmv 10%, and duration 

betvvcen 0.5 C) cl.: anJ ~) ::•:c. 

The duration ran~~cs u!T h:scd on t\;.: definition of insrantaneous. momentary and temporary. 

as given in IEEL Std ; l S9- J 9''). 

1 Range 

I <90% 

I <soo;~ 

0 t:;cycie-ElO s 

F<F:oJ 

F.;>.F:·.: 

I Q 5cyCie.:O 5 S -r65S- --JS~ 
~ -,- -=- -~ --- --- -- -- -.::: - -- -- --

:R.-~0 MRr.,, 
-- -~~~F- - -- - · - ~-r~f.··~ --~--

, r< t:o 1 vl!-<. so 

1 <70% 
.. -. - ---- --- ---- ---- ·-- --· . ------· ----- -i --- .. -- . ----- ··-. 

RF 1- li-\:=n t' MR.t=,o 
- ·-+----- ----· ______ , ______ ---------·--------- ----·-------

. F<F:::1 , iRFcJ MRF,,0 

-TRF1o 

Ti-RFso 
RF1o 

I <50% 
I 

----r--- ------ ------------- ----···------------------------- --------------------

<10% RFn MRF,c 
~----~---- -- ---·- ------- ------------- -------- --- ---------

L>hk~f:;?\Zl'\'lS \u!tagc \atiati1111 ft\:qucncies 

In this practic<ll ~;tl':lliY! r:w:,t of tlw \Oltag'~ sag~ lie in the range of 0.25 seconds to 5 

seconds and a k\-. o''thc \dlla,s:,.: ;;,;!!:; ,;o to 1llc range ofL\.25 (3) to 0.5 (s) and 3 (s)-20 (s). 

Hence the above i: ·ii':es can he c:lln:L.t,cd ic1r tht' events ~;t: 11c customer's site as follows. 

!Raf1ge 

I <9o% 

l<so% __ _ 
~70~o ~. _ 

<50 /o __ _____ _ 
<WOfo 

L__ 

4.5 Discussion 

r: ccycic~s-o·;.-- - -c--:~c:/Cie~o-,5 --s-----,-o-5~s~--3-s ______ T 3s- Gas 
I I -~----------~ 

. r·, '~1': tR='sJ -:~-----------[-rVfRF;,;~;~-;-- -- I RFgo =1 

,. -- -. -;:,.- - --~------- -1----;-;- ~-------tc ·-----

·::,_:_ ~f . . . ::~:t~~~-i~;;j,~-----~~:-:-::-:-:-----1 
R:-~:cJ 1\/:-.:c.>~ TRF10=o 

------ -· -- . ------- -------~-------------~-------_1__~----------___j 

i al;k t.2K rOlS \t~!1:.c:c \a:·iation frcqur:·;K;,~:; for this study 

As per the abon.' cU! .~ an:J:) sis. •t 'in':-:·:\ idencc that tw;~t ol the ,·oltage sags that affect the 

customer have h::vn c;·i,c.;n::tcd c', .:: t, 1 Yollag:.' sag~; o:-<ginatcd in the Pear by distribution 

network. To g . .::t l:,:' ncoinl i'drthL r :..:.•:· fimh.'d. customer br.:ak dmm data has been analyzed 

against grid ~U(l~LL· \! 1: ;.pp;:;l_2. clPd :lly ri,:,.; llll dalt. ; h~ :.mahzed dJta in August and 

September 111011TL~ ;·,;:,,_,been :·Kluc,;,.\ :.b Annt"::-;ue !V. 

\\hen this data is analyz..:d. it is ndkd <lnl the cit-cuit brc:aker at the customer trips for the 

\Oltage sag \\aHL~r:r.s nrigin:.tted d~:·.: tn 1hc S\vitch!ng ;~nd tripping of nearby 33kV feeders 

other than the l"CC·.>.:-:· ~~ ,_,hich (:c:ch :: ,' custom•:r. Mos1 .:;f th~~ trippings have been occurred 

due to occurrt·nc,; G:" Litdt:. '-:~ kcdc:· 5. l;1 so:Jw ca~;e:> Lull"> .md tripping at customer premises 

ha\e been t-cctm!cd c'u: to " ·,;L\: nick up at :(\k V sic:c due to a l~wlt at 132kV side 

(transmission siuc :':L'l). ;q!(wr; ,],,n ol' (.:eckr 5 has b;_:cn oh!ained and it is noted that 

h
. t• d . ' ' .. . . t ~~ ee er ts rolr~cd ·c:',:·ou,!n :.r·2:h \'. ·t.l '··.::g;··Launn. 
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When listing ti!c: t!·inr·,;_ da'a ob: :in:J fi·o:'l ;ht: ct!stomcr the nunbcr of monthly trippings 

are tabled hehh\. 

:>f trippings 
Feeder 5 

2 

2 

3 
7 

4 

~0;,;11 

t
l-~c-~;tripp;n~s --~ voli"age s-a-g da~a---- No 

-- --- --- -- __ J..__,~~ per table 4.2 
- ?__ - -- ------6-

,..... --- --

-~ -~ ~~-- i --- --f-- -- --~;- _-__ -_-___ J ____ _ 

=i ~- ~~ _-_:--~ ~~~-=t . 
1 

------~-~-- _l __ 'l3 

7 -----~~ -----~L __ 2 

14 12 3 ------: ---·--

j_ __ - 9H 
( ,, 
(J .;:, 24 

-- -- j_ ____ _ 

Table-+ 2li ;li'n'hcr ,,r tripping-. Vcr:->t•s Month 

From the above UlU :t i:-; !(()tcJ :hi:' c:;'i% ur t··ippings .i! lhc cu:;>o;ner premises are due to 

\oltage sags initiat ... :d in r:,~ CLB ~~L-c·:;·i:!ty 'lClwork. 

Further. it is nc,kd dtat the ,;~[ll'ci' of tripping is wcgtJ:cr deJT~ndent. In the months of 

February and Aq~t,st a very fL''' tr;r'~li:~:~ were lT•~u:·Jcd. 

As per the recomm;,·mbl :on~; cr tiL? \'.a:. bn c ckamncc of FeederS has been done in 

mid October and c;om•: :mpro\~:i 1•~:;h ,,t· ~ili.: -··Y:'"·.-:-11 hast ceJJ ohsc:1 cd. 

4.5.1 Comments h:l\t:d on the dab :maiysis, 

1. 87% of trippi11g~. ,,i_ 1. cu:<V!!t.:.· l''\?mises c;n~ due to voltage sags initiated in the CEB 

electricity net\vwk. i !-: h~llanct~ l ) 0
.'.) .J·nuJrl he du::: to i:~tc-~naL ·.::xternal causes other than the 

said cause. 

2. i\.s the pattern ('r t:·i;y~jqg is ''.(·?u: • .:r c1epcndc·1t ,,omc !m:Jro\·en;ents in the situation would 

be possible by syskm ilWFO\e 1:Cll'·: [·.:-- "av ofwc:v !ca'r.: cle~)Yancc and alternative switching 

arrangements. 

3 .The possibilities,,;· 111inin1ilir~ i'C !.ripping hy impru\iLg the Llll!t clearance times of the 

system. which n:-..:·ar;:; ~\~,lC!l1 i~ p;·m.:;.;-:,1ls ,,nd through C:c\iee im:xovements will have be to 

be discussed . 

..t. If ACE pm\cr ;~Lnl is not uH: ·, •. >:!.ed h> lb.: sy .;tcm. Vll;tage sags \vill be severe during a 

fault condition. 

~~· ..... ., r ... . .._?,"' 
;",,,' '·> 

' 
• 
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Chapter 05 

\/{)L'1'AGE DIP MITIGATION Pl~OPOSALS 

When tinding :: ~t\lutinn to\ ~1\U;~c dip n:-,lhkm. it is ncccss:.1ry to understand even though the 

po\\er system l1a.; b,_·cn dc'>ign.:c1 for m<l\in!\.trll re!iahility. such disturbances cannot be 

completely climim1~cd si1~cc th:: poxer systsm hy which these loads are fed is subjected to 

atmospheric intlucnc-.:·~ c1s \\Cll <CS unpn2dictab~c cquipn1cnt failurL. -~ Ltr: 'ore additional 

mea:-,m-e:-:, 1·<1\1.' ''' 1:-,~ ,,,,~ "'"' ':•''<.\'•:e' \h._· "':ns\t\\T \<_,,,ds ,,_1,--,i:_:h, <.w•: '-'1\:;:Cc\ltihle to voltage sags. 

Ilk' mcchanist:l of cc1uipm.>1' t··in·"in~I lBs \'1 be 'll'ck•·st(wd firc·t in dnising voltage sag 

• J ' mn•gatwn mc:.h~cL 

Based on the mc'-·h:mi:-1r kacii'1c! to cqu~pnh>•t trip difii..·t-cnt lo~..·ations for mitigation of 

'o!wgc sags can he c'istint!lli:.;h·:o as :.;hcmn bclm\ 121. 

,. 
Rcd ucl io11 oJ· li uruti lll1 & li urn [·k'r '}ho.rt Circuit Faults I 

or i~wlb System Level 

I I 
Ch<.muc in :.;tnwturc t:1c p;l\' ·•·:- ~. -~,~-~·~~:-:~~:,~_f~-ihn~'ahl J 

'-- : .! ... k '~ ~~- ' ; ~ ~~ ! 

. , , i PoiHT ~'/St~m I 
S\:-,ltLl L --------------.----· ---

~~· -~·····- ·····. ~-~-~-r-==.-=:--- ~----------

1 ~-,-.,t('n-r;·C1·limrF'r• ~ I 1 

I t. ) ) ~ ' • . • ' t ~ l ~ . ~ I 
lnst·>~lttio \ pf,"i("·l ·,,P · .. ,;__. :~ , • . · 

· '· ' · ·' · -- L_b_~-~~-:~~~;,~1 ________ _j \ 
. I 

Mitigation 

Device Level 
Mitigation 

1 --- ------ ···-----1 

lmprn\ cn::..·nt n!' 'd'.ii·.· ir·~ :~t . . 
i·>nd.·m:c~t l rit1 

Immunitv ' -- -----------------·-------

~~:g: ~- l \/c'~~C1~~c ~~-:~} iV:i1,ga~i'-~I1 

Tl1l' solutions 1(' d:c \ ~~~,_,~2'.' ~;J[' p -,!·len; ,,_r.: ,;:'>>sscJ at t\\t' levels. 
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5.1 ~ystcm Level :\1;tigal:ion 

Rhcd on tlJt.: data <nah :~is k.J!w\;llg o>Js:.':·va~ions have b;;cn made on the 33kV system of 

H(1rana. 

.. 

.. 

It has beci• n;l\cd th~:t t;_,_; cu:·;to:-: er h<J::, c:pe·icnced Voltage sags due to the trippings 

,lr ncarhy feeders. lh;:sc ;;:t·c n1ait"t:y h:ulcr "-Jo.S (F5) and Feeder No.3 (F3) and 

Feeder 1'\~oA ( l-1-) also to a ccn~idcrabk amount 

!he pattern oftri:ining i:; ':\dth::· dcpC:.1Lknt as it has hecn observed that only a small 

number o!'tr[poini!S occurred during the mon:hs of February and August. 

"' i\~ per th: <itc suP ey:; an::~ in!(m-n<:tion obtc:ir:c:J from rele\ant otlicials (Area 

Ln~inet::r l iorana. Pl<!tFting F;;girhxr Wl)S II) the 3]kV distribution Feeder No.5(F5) 

which rt.llb to ~l distitlKC or 2llkm \:loser to Rathnapura is having a lot of way leave 

problem 

As,, propusal Co:· sa~· mitigati,m and 1ri::imization of t~wlts as a result of this study following 

pru:,usa:-; :T: kr''."l cL ,' 

5.1.! \Vay k~we clcanmc\: uf F~:eder 5 - '\ctually this proposal has come to a partial 

impicmcntatio~' <:~1d 'o s():11c .r~:;,_;,!c•~ '},;J, ic'r c .:ku~mcc ha-; been done and a system 

imprll\ement has hcc'~ ~'hsc:-\c:d. The (1\lr:tLio 1 of \Oltage ~.ag depends on the fault clearing 

ttmc o t' the ptw.ecti \ c de\ ·,.:c il' the m,rj:u! :.r lccation. llence reducing the fault clearing time 

1c,td:--; ll) L."··;s ~t:~\·c;·L' \'olt~--,~ ~ ~;~·:;',. 

:\~ per tb .. dau cuv\· <· 1 >:c ;:r:;;~or:1_:r tr:nrings \\ct·c experienced for the trippings of nearby 

h.'l'Lkrs. Feeder t-;n. :-;if']:' and hxr.1,;r ~wA (! -n F~ re~.~ds "('fal1H ne\\ gantry and F4 feeds 

llor:ma Old g<mtr~. 1\ 'kr ~l -::~.· :nsJ'cctic·n :1 j., 1:okd tl1::t some of the /\uto reclosures in the 

1\\<l gantries <:·.: ''''j -~i,,n:ng. .. 1d i:·, ,,Hre out goi'1g !Ced..:-rs auto reclosures are not 

ilhtalled, n:e ~)Ul _,!~lin'.2 f:'cJu· co:m:.:tin~ to t~ul:Jthsinhaia side is routed through Jot Of 

\C!C_l'lat!.l;1 ~u(\ ,;'\1\:!:c ---~'') ht i ,:;i-;-;i '~'"· \s .h? :HJtO rcc!osurc of' that side is not 

lwh:tioning_ f~l·.:it, 1
'. ! <nu~ limes ar~.: to\l high. 

lkn.:c :1s a r·~s .Jt u', 11 - .• ~ ,,Ll\ :.t, a ~:-slerr. :r.1!',·:l\l'!l'Cnt it is proposed to install an 

autdrcc!osu!T :11 o:.!t ~clir>:c l~:u_',;··, 1 1 Br L~ :1s::Jiuh c;r~C'. h ackiitiun to t:1at a new feeder is 

pruroscd i"rom I ll~:·:'i~ ld 'vk,T t1n:,:-:::1 '.\' ·d~ on thi-; iob h 1s hcen :drcadyc completed . 

. \Iter th.: c:oJ~S~'Tdi{':· ':-: •:c'n~·o'..:·~··d b .. '::·: ·;,:E <l:T:l'':gcmcn: can h: rearranged such that part 

,ll; )k V 1(:cdcr) 1n< d ,'i\ .~ '"k(~. lo .hi:-: !h'\\ :i:·.~(;er. A!ter this a reduction of voltage sags can 

hl' C\DCUCd 
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If aw,, r..:cio<.;ur..:, <lt•: :i!su\kJ i:1 a:l (Wl going kedcrs of the gantry and if the 33kV feeders 

are sc•:t;·.m<!lizcd h:. i':sla11in[2. ~;uitablc isolating mechanism fault ckarancc times and system 

reli<,b!lit\ can he im•>!W.t:d. ~l.l'\c .• :r. it is not pr,mosed tel ~ncludc additional switches and 

auto r(·c!osurc~ lo :.\1\ ,,\.,l ,_,_c.;,,,_:_ l·._·cJers ·m the ··.tr~ in :h.~ system as a method of reducing 

fault ,:'ull;ng ti:L~ :1: ti1i.~ s! n ;_t~; it ma~ not he cconon·icJily \ iahlc. since reduction of 

numlwr \l!' l~lL\lis ,l':l: r~ .. tl~ duiatr .. w ir1 ~~ ti::'1C ~n.~(kd over current protecti\'\.~ scheme requires 

repLILl'llh.'nt (1!' a!: tl~<..' ·1\ -r cwrc!'t r·.:iay:-; in the graded sch,_:mc by expensive circuit breakers 

which'' ill ineurr laq!;' a:1"mnt n!'c1;s1 that may not be economicaL 

As .1 sa~.'. mitigation n.cthH.L a P'-1\' cr systcrn ,.vith ~cnsitin.~ loads can he protected by a sag 

mitlc>.<llit>n de' iCC \\lich is L:,;nnc:;ed ,_::ithcr to tlw distrih;tion feeder or just before the 

sen~n 1\ c l>lad. \\'!1cn n lis ;:-; cui ;ccm .:d. the ii rst opt inn is not ceo nom ical !'or the specific case 

in tiJi·, ~tuc\\. l.\S onl\ :< tC\\ CLh10111Cl'S \Yith sensitiyc ic:ads a;·c connected to 33kV Feeder No.2 

(I = i 
5.2 Dn ice Lcn:n :\1:;i~:J:',,-' ~ 

So;11<.: o:'t\:t_' cu:'.i.lim ptl\\l'l de\:~:.:-.; :-roru'\:(1 t\.1r yc,lt:g.c sag mitigatio•1 arc listed below, 

" ~t~:tjc !!~an\~'-r ,;,,·~~~,~:~ t ~j·rs\ 

e l 1 r.~!:1('. :·u!·~.ti .\: l"',t/\\t~. ·Ur./1,[\ If l:)s) 

., ~hll'.~ "cr-.:,>,·~,:- 1 ,olL~·.: :-ecL'!Ct: c,ln\Cit~,- (S l'ATCOI\;i) 

~ Series C\~i-11 .. ~~-~cL~ · oltLi~..:~ ~(·t:r~:~ t.:t..~:-:\ c·rtc·:· (SVC'~, 

5.2.1 ~tatic n:wsfer :;".'.irt:il {:<ll':\,1 

·rl~.· ~i~ lie :.r~u!s~~ .. ~r ·--,-..·.·i:-...· 1
: i~. J·· C 1 ·.·c;ri~ .. 1 ·: 

1cc ~h:J <.']!<>\'· s l.d1 insW'1tancous transfer of 

pu·.\,__·~· >.,)ll!(\.~s 1,1 t~1c I{<Lt. !"i·J(-2 ;(,~h: c~).!1 w·ns!'..:::-..·(: to an <dlcm~lti\e source by means of a 

stdti. tran~kr s\\itd1 .\!!Lin 1, [,) ~c c\:.:lcs ·.\kn there i~. a '~tpply volu.uc disturbance in the 

pr•:1ur~. ~ourcc. Thi:-:. :<tn~rior '\\itchini_~ lim~.? means that if one pov.er source fails. STS 

aLL\ • Ll <:.:1 ~: -.:-\ :lc •'--' ll~ ,· htd~ Lfl p: >\\ e·· sc:u:·('C so quickly that the load may not feel that 

tlw :r<m.;fcr i~; :;:it:,~tc,!. S. S 1:!-.Li:c. [\\'' ,,,,\\Li' :'C· .. :~·.:s 0r:J <l~:t<;:1utictl!y shift to the higher 

qtu:•t: ~,m;rcc updn ~-.''hlc'':'. ra.:~::c .·r c:l':!.~·,dati.:)n c;llKr ~·uurcc. 

TIL· .;tatic ,L:!1·.k" ~: '· •. il Ctl,·,;.s :. ,·,:'1'\l.i lh\Ti•;L)!' rk)l:ks \'.here one unit comprises two anti 

pe~r~t:lcl .h:d·is:l rs. ; . __ :~, 1 1~' ':< :r l< lc: 1tain:' thrl'C thyri:;tor modules corresponding to the 

th··~,.·._· ph~~~~.:s ~jr t~~~~ :.;~, '·,i.._'\"1 · 
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It i" imponant Ul ~.~,;:that if this ~'quipmcnt is used for 'voltage sag mitigation alternative 

sources arc rccpir'-'c1• ti~,-·n·fe:r~.: the t•,,tal s:cstcm 'v\;ll be more costly. 

5.2.2 l nintcrntrtihk ;l<\';hT. ~~;·ph (t'PS) 

l'nintcrruptihk p()v\•.:!· ~;~l:!pli,_·s ,l ;::-;) cl!\' u:;cd to protect ~-cnsiti\c loads such as computers, 

comnJunicltion c>:Juin'lh:: il <dld i:ldt·->~ry :ontml procc~s when the supply voltage experiences 

\Oitagc distw+<ll1..:~_';,, I h.: l. PS S'; ::tc111 mail!~) consists of diode hridg-? rectifier, voltage 

source im~:Tlcr <md <?rlr:r~~: storagc l!Sua!l) a bat.er) hlock connected to the DC-link. Under 

the normai l)pcr;:tiPt: c,,,,,_:itic;; :>U\\ •2r takt'n !1·nn' rhe suppl:, mains is rectified and fed to the 

DC -!ink. 

l PS or higher 1 :1tine2 ac ,'\~;::nsiv;~ <md bulky compared \\ith sag mitigation such as 

Sl ;\ f('(}\1 ard SV l he (!::-: ;._l\;_:n~au~~ c'' tl,is lPc1hod is IE1ving a shorter battery life and 

hi~h CdSt of hi~h j~O\\ -..·:· l p~·~ 

:;: ) ., Sh t (';, .,..,,. ,,., f \ ·!'-,; '' ~: ' ·•-- ('n "' 4
' • l~rlf'' A, '['('()M• ) ·'·~·-,, Un. _ .Jl..c< 1:" ·-- , u,,,-t.,.·. -~D.Ir,.t .,1.fl\ ~f1tf ';" f ,'1, • , , 

S 1 \I COl\1 i:; L's~.cnlicll!\ a \ ,i;Llgc· Source Comcrter and used for reactive power 

C\l!ll 1.:n~:ai ion. \'.' :.::. 1! .; •• l , 1 t ·; .. ~, · 
1)Ut ion pmvcr sy:-:tem it is connected shunt to a 

pnicular hus i,1 :!1•.· ·~.~·- ~ ·· '.·, ~·:n ·J. ;1. -.·o_ rl; .. 1p tr<•'lc;l'ormcr to maintain the bus voltage at a 

ck~;rcd k·,el l'\; '·;(h:,. _ < · !i'!.Jt',' 1L: r::~clin_ :d\'1?L J\ ';TI\.TCOV! basically comprises of 

\ ~ ilJgc Sourc.: lP\ _·,i._' · Co·i;l~in~· T:·:-,n~;Fr:-,t~r. ('~lnnection filler <1 nd small DC-Energy 

~to~·ag~.: :J~~\ i-:t..: in the ~·~):·~~J cr~~. ~.:Jrr~1 :i 7 .1r 

ll~~ S! \iC(f'il · .. il·. ~_··.:-~\ -;·.:r:~,_: >I' hL· :_:•;,·c' hr :T1itiga1ing \oltagc sags in the power 

"\ -,1vrn lo comp•.?nsJlc (kcp \ o'la'-'c s~!g:-> tk '-;TATCOM requires injecting large current to 

th'- "\ s~..:·m. : hu~; :1 _: :·t:·: ~:i/. .. ' .J -.:1-:rg~ s.:m.1::.~ sornctimcs even greater than the load real 

p~·,,~..-~r r~1!il1g !"; 1c. L~!;~:d t n' .~.:~~.::....· ~.+~...::-., \\·i1h __ q: ''ngk _juc•ps. 

Sl \I('(J\i i:-: 1r.~-- . .Jit:th1,: l(lr ~:ohin:.' ~.ol!agc S'Jg p:·uhlems encountered by group of 

l, ':I',Lll11Crs C1.1ll!1•'C!,''-1 Ill ;: COl'l''iJ'l tcTd-.:r n:\1Ci' th:\!1 a sng probkrn of an individual CUStomer 

~l"' : t t ~, :) l!l_ · ·~ 1 ~ \ L. 1 ~, ' • d ~-' 1 
', 

5.2.-i Scdes Com~cr~(c' ' n!!:l·'·' ~ iilrt<: C:rnE·ncr (SVC) 

I!•~.· !lldiot c:if~i '.::· ~-~;, :.·.11 .!\!C'\1],! ,. he bt:r_-r is conneclcd in series with the 

,lhtributicn li.:~c:~· · , · ·•:Psi(\ .. · !:J,, · :1 ·:1•.• >n ·' !ni,;cti~w 1_r.m~.hrn1cr. The term Dynamic 

\, LH2C Rc-;:zr·..';- 1 i )\ ~: \ i-; ~,· : q· .. 11 n;_. ,;, t:,:d 1\ ith series connect.::d VSC in literature. As in 
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the \lgur-: 5.2. ;)\'i< <''lns,-c. · ,!, :·~C ~;nu: c: ill\ ,_:ncr. nwc~:.i!aling u:1it series injection 

transi'n;·mcr. ou~nu~ ! 1_ !~ ,rc•·. ~·':'-:r;:' s1 x::gc and co:ltrol unit. 

Vo!ta!2~· ~nurcc i••·· c:·;._;r j, th:: • 't::d ..:<oPl"1or:,·nt nl' DVR. it consists nf semiconductor devices 

SUCh ~IS ln~•,'i.'l'~.\::( 1 H L' • 

: · 'I r:.;:·:si-:ll'.:·s: iC d l'l. lnstdc~tcd C!::rc cummutltcd thyristors (IGCT) 

and \kl:.ll Oxi.k :--;,rli.:.>Jkih·:,.- l':.;!J I lf·;ct lran<:-,tors iiViOSH T) as switching devices. 

Semic,lndt;c~,;r ,;,,i,::h:s a:\: c;:'::v,~d h;ts•.:d (\11 tlwir pcrf(mmmcc :·cbted to switching 

t]·e<.iucnc:. tl!c Cd!'(i!:.. -!11:.: ~n;d <\'.it..:hin<: l•;:-;:--,.:s and dcsit-..:d volt<!)o'C <.md current ratings. In 

nw:-,l or th .. • nwdul~:ti· ,,- u1:it ;:'· d 1 lVR. pu!:=c:e \\ idrh ::KH"~1.bi~on h::chn[quc is widely used. 

TlK DV R is cnnm:::tc j iz. l~1c ,_: ,:,t"i 1illtit, ·: f..:cJ . .:r throu~.h ~hrcc single phase lransformers. 

The rc·al <.md JTc~CLt\1..' \'t•\\ cr qupl b\ 1 i>.: lJ \ R dqx·n~..ls on the type of the voltage sag and 

it"s duratiun. t!·,.· , 1 'c'> .. tcJ Jo:, ,,,, i th. J~r.cti,)n <:rh.: nngnituck or the injected voltage. The 

rcu~1ircd rca•:t:\ •: no ·. •::· can ~~: c: : 1 :t-i·~,·cd in':t:rnaL\: ho\\ cn~r th· acli\ c power has to be 

suppiicd t:xtern !lh. ! !VlZ i<:i,;:~.· • oL.l:•.,; \\hiv, is controlb.hk hlth in magnitude and in 

pha~c scric-, \\i1i1 :~~~ • .. :~~!1'~!1 . ., ~' !~,- \-~,11~1 DVH. is dh: be,.;' solut;nn for the problem 

di\CU:'SC\.j in tl1:S ,-__ 1<.1 ( 1 ~ ;, ::" n·c\ id.:. :• 11 ;~~~; S 1J'.:;~·.ll'l ~~\!" i•~di\idualJoads. 

!"' ~~".'S\~:.:!1: 

,·':.: 

'•. 

p ~-·I,' 

1' 
' 

"' 

l) v ~~ 
IN 

I 

I i!H't' 

-~ 

' . ' 
' 

-~,-

1. 

I \\ad hu:-: 

't) I 
' ~ 

? 1 Load 

-~~.: .· _ }~\ :~a~~L!..:: \ t.'~!L1,~·.: i{•-~:-:.u:.·Jt~ r 

I!~,· o:1l:icl'cing Dl'•-cip·•.: .• ;-t!l: ,_.,.:;, ,•n1 DVH. ~h:Y·Vn in Fig. 5.2 i:-> based on injecting AC 

\ ultagcs thnJU'';: ; ;;: c: . :; : .... il.~cc; 1·, r.-:i ;·,!'' 'H'n::~ in ·:eric, ''- ith t!1c incoming three-

ph~..t~(' :;dppl) Y·Jl~ >.:L 'i !:"- r;:lnl~):)~: i '·)~_:._\-! ~-,~ ' _,,_., iill1 !~ tn i: ·:pHl\ e voltage quality by 

I 
. . . 

a, 1u: .. tm-:nl 1n \ ;1 Ll:..:~. ;:::, ·'il· :1d,·. \<', ( :;r:,_i tJ'"i;•<c ~;l1: 1 ~- I he .,,nl Ug•: sag compensation 
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im ol\ cs injection of unJ rcac~i\ c r:o\\er w the cl:strihution system and this determines 

the capacity of th•: en•:r~:: stOl'2lf-'':· c·c\ ;c:: 1\.\,uirc\J i'1 the rcs1<'mtion ~:ch;:mc. 

5.2.5 Voltage sour.'·c· in\ erh•r and nHHh .. ,!atin[J; unit 

,.~, A. .A 

'"" 
.... .... 

> 

.. ll 
\',, r:r:_ ~ <'(' 

A A A 
'·"- .... .... 

! ;:J' ~-~ \'olt;J~c Suuru: !mcr:..:r 

The \'Oltage SOUfCt.' in\etcr (\':~1\ is the most impOJiant component or the DVR which 

produces the n:qu1red \ ol:c11,'.-.:' to t:•: !,q,:clcd in .:.:Ties \\ith the: incoming supply voltage. 

The DC-- sup:1l:, 1n 'he inwr~.:r is nos! qf the :.ime either battery or capacitor bank. Each leg 

contains two scmico:·(~t•ctor S\\itcl:·.·~ <m-1 cac~1 S\\i 1.ch r.js an anti paralkl diode connected to 

it. Scmicondu;,:tor ck\ ices U;,: Lik~~t'cHr:d Bipolar Tra1~sistors (iCiBT). Insulated Gate 

Commutated ll1\ristn~·s •lCCi ) and \ikL:• chide Scmicondc~ctor Field Effect Transistors 

(!\10SFFT) can he us.~d '-t~; s\\ :cch:n',!. (.;._.\ i..:vs. Sc.kction o,· SC'lliconductor switches is based 

011 three facttw.; sucl, i:S 1'''? n:r:t in:.J L\ !E.llllil' i'Crlf/fli1(1J1C(;:-; related to S'v\itching frequency, 

the conductin~ :1 :1c~ :;\' ilcilinc: i:·s"'":.; ,,1:J desired vo 1 1.a~'·: and current ratings. The dynamic 

pcri'ormancc is d1e n~o.;L i·nnorla'1t t:tc':vr. as the 1)VR ha:-; to he on line without a significant 

dcia). Thu.-; st.::m;,:,,•J,:u:;'''' l'l"\ u::.; :~~·.; :->·_·L:,h:d etHer satis!~1::tory choice of appropriate 

S\\itching ti'eque,1C) a;~J 1,)\.L!' >.'.Yitcll;r:g <'nd comlu(~tor losscc;; depending on the required 

pu\\n rating of the Ii\.i{. 

The output of th.: 'oi:;l~~· i~. c~c: p> sc c.k;;e:·.ds or th'- ~:,,tc of t!K~ switch and the DC-link 

\·ol!agc, 

Pulse vvidth nlOL1 ul;;~. 'P\V\~, c,_· nj:_ Lk [?! ~~: c\l(jc::/ used in most oflhc DVR application 

dth.' to the tlvx~:1 it'. "!'c-. •!rc''in:l •· .ti, 1
"C\\' .. t.:n ·unl;a:·!cntal l!Tljt:c-ncy component of output 

\Oltage and DC :i,~!: ,::,'c.'-'.L'. :·:-:t' ·~,:::.::-' fo· ln;:! anc ~;cur::e 

chanl2.L'S. climin~1tinn ,l!'kx ,r.kr :·:.1r<:hlr~·_:; \lhich t"t.'Scdt i:1 ;-cduc1ion o"'output filter rating 

and simplicit~. n1· in·;) c:nc!l~,, l\lll. U oi s.J( h dis~:J\ lntag,·s or th~..· scheme is under 
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utilization of DC-li:1h: \olt<l;,:.c \,':i-.:h r•:su!ts in reductinn of maximum output voltage and 

higher S\\ itching h;-;cs. 

5.2.6 Series injt'ctb;·, tr.m,,;·c-r·:,•Ic·,· 

The comcntional lh'R .s Cil:·!n,,:t"J i:.; 1:·l~ u:iiit:- di:;1.ribution feeder through three single 

phase transfolTl1L'i·:--. i s;~L·Llic'n (\!' :J s~ :L1'1le L·a:l~;t(mpu· :·or\ o!tagc sag mitigation depends 

on MVA rating\~!· llh? s•:nsl·:\:.: lo<~d. tnaxi:rurn ailu\vahlc \oltagc drop across the 

transformer. churaCleristics or th •. ; \ \llttgc sags tt) he comrcnsatcd. harmonic filter system in 

DVR. cncrg) s\nr:tg.~ s!z:· :tnd tl·:l." C()nt··ol ulgorit'm1 u~;cJ !51 The advantages of using the 

series transformer a!·,.~' ppssiri!it\ ·~:· c:·-c:nlir:~: \\;th higher \Oitagcs) resulting in reducing the 

Yoltage rating o! th.c ;,:;J:iconc:.tcur dt.\icc:;, iJ!'mid!r~g a g<.:lvanic isolation between supply 

side and the DVR side <llld hclr· in rllll':·;ng ur h:!:'llWnic in the i;1jected \Oltage hy its leakage 

inductance. 

The disach~mu:_:v~: o'·ll~cluliq~ :1 ~. ··ic~: i:~.-·ctr1n trJJ'SLi!·n;c;· :1ce transformer costliness and 

saturation. ln crcLr u :tvoid the Lrc:nsfor'ner saturati:)ll and guarantee the DVR performances 

under all Cllllditin;1:~ ~'~-~ ini._-~·tion ,r~~r:~ror:ncr mu>t be s!7t..'d to handle at least twice the 

normal srca<h ·;l'l·: t-1 \ ,,_., _, :. ··: i a! ma.\inlU'11 rms ini·.x·tion \oltage ]5]. The method is 

based on the~(!'~'!:~:'-('!' ,,hi;~h hr: ; tl'. it,:tj;_: fic1:.; o:'t 11,~ lran<imncr. 

5.2.7 Output LC t',rt\,. 

Tlw prim<Jry o:' ,:~1· -'~ cl' elK ·1L1 Y • !;I\·•· :.:,'!llW!:t..·c1 to the !!VR i:; to attenuate high 

lh:qucnc' switc:1:rc!,'. ri;;r.'·.> !:' tilt: in'. ,~rL:· uu!pLt '- ol~agc. !'be u~;c of <'utput filter helps to 

reduce the chich >tr·s~ (;;! ,!-,; :,~_·._ct;n" L:•nsf()'''>Lr v,inding_ which in turn increases the 

lilt:timc of t11.: L·a· ;:cn!lcr. D. ,:!.'1' o!' ltn.H !\iter::.,- DVR anolication 11as unique features 

lik.: compcn~;,,ti, 1 c:~ph:' L c: :c [)\'~' .. :· ;, 1 i[2tli:,',htcd !hat:h: in:lu:::ion of output filter 

\\ill inci'c:<:sc th~· :·mir:::. :!lc rJ\· f( i:l\'t:r~~·l'. 

The outnut fl!'c· :.::· l.,,, nLt: >.: c·i cr in ,c;·tc'l' 'i(1c or on t!~c lint>side (supply side). 

Ho,\C\Cr the !'i~k :'. I·· ;_-\C'l::r ;i,!: ;, !';'c':c!T':d. 

rhl' ad\'~lnta;;~:~ ~i!' tl1(' .~"'\'t-:r~ .. "': :~i ... ~:~· : il1;_~;· _tn..: ~-.:i c;1 ht..:luv. 

• hiler in..:tallu1 i.'! •l .. J,~;', ,, 1Lt~ ··.1.: :K1 \\ i:! r.:.1u c the '·.Jltagc rating of the filter 

capacitor. 

• It is c)(.:;.;.:r k t1c ~~~ ·:- uic ~;eo\::cc :i!Vl :he !ilL:;· perfonil<mct:s are better. 

• I !igh·:·· Xl1LT '· ·:::(' ~;l· ._·,~:·· .· ·1~ :1: · ;hil _-,;._,;:t,·:tl',.·~' ;c 1.1,,: ;,ticL·tio;! cr:.:nstlxmcr. 
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Th" ''ill reduce \;):-<<~S du: lll ~:~c~d\ curn:nls introduced hy the high rrequcncy component 

of!l!l.' :n·~...:.,:tcl! \~_]haL 

• ~,.\\ J! !'~!ling ~~~r·_·.~s oq he lr~ r:_-.;to~·~~: 1 t.::~" ~~:·ct..~~!·_ 

5.2.i'l Control unit .Jf the D\'!~. 

Th, :·tP1dion or ·_he c.nlrul un:t is to ck ·i'.c th•.: ncccss:.tn contrnl signed in order to generate 

thl· !)\\ \11:',<-lli;)::-- nu!-;: _:_w the [)\iR ~l!\•.rh:c The ba:;ic ;-cq·Jircmer:t of the DVR controller is 

t(l Pl-,L!ill an · .,,,;\:,'lir'l-:1 \\:th Jc,\ lt~L~• hc~nl1l)r,ic clisto•tic•n. gt)Od Lhnamic performance 

and, LkULiak stat:il!t\ n:a:g,n. 

5.2.9 ~-~ner!!Y ..;tnnc~~;,; b the DVH 

'lh DVR !'unctions [,y i:ljL:cttng t:.rcc :;inglc-plW)C AC voltages in series with three-phase 

it'l·,n:J:~g qc~\-\l)!;, \('1~-1~': d:;rirg .nll·~:;: sq~s. ,·ot:-,pcnsating for the difference between 

fau r\ cl:K: ;l•l ~ !;1 ; · _li':'!'l'~. Th(: :-,:quircd r!.?adivc nm\cr cun be internally generated while 

th~. i'L':tl pov,·:r :;i ,,uJ'. -q;,~: .:~!, h· c:x::n .:' cnngy storage. The st~pply of real power is met 

h-. i'lCdns ol an t'li:r~~\ ston>.f~': ti:cil• ~· C\ll1lk~·~t(·d to th·~ DC-l;nk. Large capacitors are used as 

th,· cncrg: ~;td'-a1:',c 'n nv1s1 ol· tk commercially 2vailablc DVRs. Othl~r available energy 

slt ':'~'-' ,Jc' ic~·; :1r,: :-. )1,· · · 1u d . SlP)Cr c<::p:_'!cit_(\t·s. ~~'J!!crconducting magnetic energy storage 

( .. \ 1J ...... \ jl, .•. !·· ',1 •.: .- •• . 'i (' " ,..., •: '}~ ~"' ,\ ..... c: . ._ ~l... \.. ' .... 

))( ( ·l'!paciton 

( ,, ~Jl ii1·:· h:;nL 111 ,;.._ .'l> i ind<,;~Lul ctpaciturs connected to fnrm a number of separate 

un•h 'trc most j(.·""·in;.: so!~1tion:' ·cz, pro\id,: l·nc~·t:':\ st,,rage rcuuin'n!cnt ofihe DVR since they 

h:l ,' a L':;t disckr~·i·1! .;;;nL::,· . nc.l d•,) n~··t consist of moving parts. \Vhen the energy is 

ck :\ .::~:J to th.: !c:Hl' L1- '1;,: th,· c;· n~·eY~~···or ;~n,cc~,: the i)C-lin\ \;1lt<1ge decreases. Once 

tlh. DC-:in:~ \ ;.•lli 'C ~ · qy: b.?' )\, ~l :c.:r:ain :<1lue the in'. ,·rte'· c:1·-,n(1~ inicct ··~quired voltage to 

c''rlpcw<'k 11 ; ·. ·,k'~''' ~;:;.' lkr:··~ :h•? ,'nc,·;•;. th•t c1~; he c:x1racted from the DC-link 

L'..tr;::ci~nrs ._·c.::I 1 ~-· ,- ~~- ._·.J b._~lc~\·,. 

-l"l' (l> ;> 
.,'!.. Jli J 

I 
I' :): 
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\\'here C 111 is th,, {)(' !!n;._ canucitul\.:c. T ,,., is the Sill-! \Oltage: Ync;n:I\ and YDcmin are 

ma\imum a!lc)\\<lhk' il('-iii1k \ol1a~"c a:vi minimum allowable DC-link voltage respectively. 

It is ckar that 1argv ::;;_paci1:-.•·s '.lr: rCL1Uircd to mitigate lkCr' sags with long duration. This 

incrL'(hCS th<: CO~i or Lnc DVR ~:nJ !he ~.pace nx,uirement f(;r installing the DVR. 

Batlt:n encrg:- s:-Jra~'-'.: suntr capaci!or.; and ily,,;1ecl cnerg:- storage are also used. 

5.3 Voltage mtin~ ilf il~c B\ H. 

On._· •ll'tlK· r:11in L'ctc··~: a'L·ctin~ the LVt)_ c:~p~:hilit:. to res!.;,m:: the loud \'Oitage to the desired 

rL'k':'i.?nc•: i:> tk \i)': L'C r<ni:''J. ut lhc· DVR i!li'Crte;·. The maximum voltage that can be 

inJ.:cteJ \\ill hL' j,_:ciud h\ th•.: \oiL·gl' ratin;; of the t)VR. This in 1urn determines the range 

PI the \ultc:g~..· s<~g.·) \\~lid! the DVR Ut!l !l~rtil.'.~lk ctTcc1:'.'•.:l) . 

.p 
I ·-v '; 11('1'"\. ()p'r; ~-, 1111 ; 11 •.i ! ,. - tc. \ I L L 

f"JL' ~·,L.L:..:C )i,~ 
··.~:-~.) ~·; ""t: Y\U~·· !:~.c .. ~ .dt~i 

-.;.'---

// I 
'.;:.// / " I·1 !Jl1" ··-· ;--·· m: I 1 c.t0'"' 

/ V'~-! 

d_ ' I 
.// --~~.1. ----

' "- '" __.......-- . . -: · -- --....... V · I) · , ,. , • )Lrc.__., \ _, ___ ,' ......... __ ,- m1 'c .,a~:_, 

~~< __ L_ ___ ~~-----·----~""'-' 
"--, 

~'--~ ~\ 
Prc.. :o: 1g su:1ply 

\ uLc.l~C 

l i'.!· ~ ; D• h l' ,!j .~:-Jll1 r;· >l·c·<;Jr;: \.11: ufr:ifr~.'u1( \OJ!ag_C in_icctiOll methods 

I h .. :n .. ' ~lrc three nh.:ti~od~ ( ~ \':.<~ ':,~_i.>.:cion ~1:-:'.:1! i'1 \•lll,: __ c- compen~ation. In pre-sag voltage 

c<~mpcnsation. the lc: d ',1!U!~2': i:-; compccsat..:-·d to th,~ pre-sag suppl) \Oitage. Though this 

m,:dwd gi\l''> u ,-,t,:,·k, in~Jd \Dliage. it r,:~r ;L'S si:nhle energy sicm1g.:. On the other hand 

tlh !oac! \c,lta~'l' is a\;,a: '· !n oln.;;; "';,h til:: suppl> 1 oitage in the in-phase injection mode. 

I h-; r<-'~:uils in a m;:!;mum i:~jccld \olla~<·. as there is no pha,e difference between the 

-,unpl~. ~md inJCCL:'d \ ,,:t·;~_c~. Ho•.\c cr. th;·; co,lipcns~rci~m introduces a phase angle jump 8 to 

tlh: load In the L'i!Cl'<l orti1r. n: ;n .. ::;tinn c:chod. the load \oltag.~ is mhanccd hy a certain 

an:.:.le u. to mtmmiz<.: the .. :r:c:-g.\ r,:qttir·:tL~nt rrom the D\'R. This method needs a larger 

tll.l'Ction \oltagc 111:l;i li!<L ,-.;~:t:ir:_J in th~· in-phc1se hcosling metlhJd. 
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l
'l . 

rk dl.l, \ e po\'- c: J!.·· ·,<L· 1 D\ · • J'JR ::l'Li tiL :-:i/c' ol the l:apc;citnr for the said active power 

rec:uircmt_·n~t is •:ak'_,!,L.:d :;a:-c . ..:Li c:l'iX? pre-s;;g \t)L.r::~e ~njcction r:1odc. 

5 .. :u CalcHiatio!;; nh :1~:.;:it:- 1 f !b.:: p :·opo~d BVR 

!-\:-,ncr Ill,' abu\C swc:., 1·:·r th'·c sp-:c!i!c r~nhicm sinct: \Oit..t,_•c· suppcrt for individual load is 

fl'u~!ircl:. ': DV:~ . , '.: '· 'l1L>'·;l :;c::U,:c: s;,,!~:•ic'l. ·:he ad;\c pov\ 1.'1' rcquirem;;nt of the DVR can 

be udcuL.!i,.:d :;~, ~;\ ;..::>; t:Ln\ ! :21. f"h; in~:J \ ,;lt:t):!·;· ~~~:n be\\ riHcn a~; the summation of the 

sunni: side\ oit(i~~L: ~1:·d 1: : ';li~a~'C >1j,;,:k'<..~ ~') :h<..' UVR a'; !n (5. i) 

r~~-){/f; :::. -~·~~ ::(_! ~-··- i -~~~/))T (5.1) 

'Ilk· \'ulw~.>.c :'.1 1!!·.: s: 'd~ 'i.1, (cd !J! ·c \ ·, c'1ar,:ctcriicd lhFlttgh a ll 1 a;2,ni~ude V and phase 

a1L:il..' junn and th ... · :.~~~,J cur .. Tt!:-; lake<~ a:·: I pu \\ilh <.Jl;.,~_!ging (Kl\\er t~1Ctor as given in 

(~ ~}andf~ ___ ;_) ..... 1..:, .. ·~-· 

y ' ...,.,. !/ ,. ' ~ -~. i 
- ... J .. _(j ·- . OS I,()) ' .i '6; (5.2) 

L 1 L<~· ~;( -- }S (S.3) 

i ! .. ,:--th<.' c·nr;p,,·\ ;:m-,::- :,\l~::l•.'l h'. tho.; ;:.\'R Ccd!l~c· •:\:~1-v:,o-;c,i <L, :·; (S.J.\ v,ith V toad= lpu 

Sa : = ~d'rr 1 
., - l .· , -- i • ,' . \ { r <; ( :71 '; -j- · c: i"" ( ,1\ ")) 
j V. ·•.·';:' I > :;:<(.it··'--0~\':J; f.:;./t '/..1, (5.4) 

'Il·.~· I\.'~d p<l\Y'-:r ~r c~::~~j !·;· tn~~· cc~:Hi·.J!L~r is r_;lc:·: ~j\en lv. () 5) 

,. 
! 

~ ;,·n ) ) v .. ·, .. ,, · ... ' ~ Ldw 
: J .": \ 't} ; ~ 

(5, ~') 

\ i ,' 

"I l : · < • ·I i< . I' . ) '\ '1 '· ... ~- .. l \ ~· . 

. \ , ! ', r , " . ' ~ : ., " n:. r ll,. ' 1: t;•::; -~,, ,;;._i_ ;.it' ,_(>c.: p:.:.::c d1~k jump is between 0-30 

lkc!rccs. Th..: cuslmi'•.:: ::..: Sitnp;:,.d v.il:1" !il \1V;\ stlpply. The pnw1:r bctor at the customer 

p:·l·:ni~~._·~ is t~Jk:?n :>.C.~-~. 

(< \ i 
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Acl\1rJll1g to th:: ~.,If. . u:t<~gc ,Jat: i ! t:.:l.+: '1-.:2.!. ~-lt! Yo luges arc a\ ailahk in the range of 0.5 

put-: pti. l :1CI\:(,l•·~. ~; . ;,~<:: f-cl\<C · )l;.~.:tl·L: oi'DVR ·,·;_:n b·: graphically shown as below. 

[)\if:: inJe.:ted Re<:l F'.)wer 1'S Sag \/o!tage 
G ,----~- ---- · ----~---------- ------------T-----r-----~ 

r-----~-l a~·~qle=IJ 

':l r- I angle=1 [I 
I anl]le==20 I 
'--------~ 

4 

~--5= 
~-· .-.. 
ill .JI 
> 
6 
o.. ')L 

"D 
C) 
+~ 

u 
m 

-. 

;::· 1 -
ct 

6 
c -

-1 -

; ---------------------------
04 J5 0~ ~ 

~3ag \iOitage ,pu 

C.B 0.9 

'i•2: 5' <..:;li' \'ol,a:.rc Vs DVR injl:Clcd Rca]lJO\'.Cr 

l 

j 

1\-, :. r ;:-,.;~a'.! \Olta:>c dal<i ;~'1:.11\:;\s in laO~C 4.2.J. the magnitude Of th~ most frequent 

\ \ '(<(' S<::~ range fm ~he C'J:-.\~.'~;,_'r ::-; (J I{ ru I.C n.') P'-'· Thcn:forc Dyi1amic '/oltage Restorer 

k·l k· s\ .-icm is tl.::,;'~i-•1:.1 tu ,-~h' :()r i<1c· ;·c.,n·..'.<.: o~-" .·lt:.!:::s· sags with magnitude 0.8 pu and 

I~ " . ,-.: 

~ll l~ti!~IL;-·.g \·~~luc< i·J !:~. ~.) 

:f r_. !:··vs(C+{Jl.v /"', 
I!.'Jfl!ir'- I-'----·-.. -·--: • '~no i ~).5) 

• f_ ~~~-~ '?! ~ . 

) / ~: / ! • \, .<') ,( {' ·. r ,' '/ il 

I !.ll'•:il.m.: _ilc re-quired Ul!)acil~ ()(-i!le Dnumic Voltage r~ .. ~~'Ldator h 1.76MW. 
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5.3.1 Energy Storage in the DVH. 

!11 .1 DVR requiJ\:r.! rt>~<.~ti\1.; pnw~-r caP be in[cnnlly generated. ho'.\Cver the real power have 

\( 1 he supplied throug!1 :m e:..;!c: :1:>! L?ncr:-' •i so~rrce. Since Capacitor banks made up of 

indi\idual cap~1citors hJ\c ~~ 1<1:-:t d;sch<ilgtn,' r.::sponsc not having moving parts they are more 

prl'fcrablc solulinl' t~: 1m>. ic!-: l',h~"cl: :.;c-ag,; 

I h;: Ltctor-.; :ttTectin~: 11·.: •:nc:·b~) st., tTg,:· rcc;uin::r.1cnts are the depth of the Voltage sag, sag 

duration. phase cmg·.: iu·np. klD.d 0>)\\t.'C (tcti\L \oltage injection mode and the maximum 

ailmo\clbk range o! DC lini-: Vo!tag'.'· Thcrc!~m; it is clear that the compensation 

c~lpJbility of a particu<;::· '\ • ! (:q-~~-~r:ds 0'1 th·..: maximum amount of real power that can be 

transferred 1:) the loc:d d~Fing th•: r ... ·slc·r~r.::_)IJ proc~·ss I~ 1. The size of the energy storage 

capacitor in a conhTliunal DVR ca;• l--c <:.\prc~·:.;cd a~. 

c. '.:;Y_.,, n ( P,,l i -+ P/o,J 
------~~.:"-:_ __ ::__~--- ,_....:_:_-__ 
(V 2 ':'c.nu;x -- v~ucmi;c) 

(5.£1) 

In till;.. l'lj,:ation. i) 11 cClll>tc~; 1iw i1_1i~-cLd at.'·i\l? pow~o·r of the series device. T,ag: voltage sag 

dur;ni;•n.l''J(: l.X.- illlk <:apaciU'ilc'•.:. '/,,c"·:1,: ma.\imum allov.able DC -link voltage, Yncmin 

: \linimum all~\\:•hk DC- link \olt<;ge. !\, .. : ~wtivc power loss in the scrie:-; device. 

The \ariation of CC'i>;:citnr ._,;,~ ••. \, 1~') \11]~aoc .;:1~( magnitude ror diffcrct1t sag durations are 

shl,\\11 in Fii!.).S. ':: ti1is -.;i•~ul;ur :.1ctivc rxmer les:-: in the series device is considered 

ne!!ligibk <.md 111ll1li'1· n alhtv a:1lc f){·_ link \ olw~~e is con:-.ide;-cd ::1s half of the maximum 

all'l\\ablc :){·-link \ .. 't:.u.< 

It is clear that tht: :.;it._ P l'L ,:t;-;J~:itur 1< '''-'.in1:- 0_d\o.'rncc b\ tiK depth of the sag and the 

\ 1Hage s:tg dural:;)!!. i r ll1•.' co•-n:c 'it/~.: r tiL: Ci:Dacitor is not used with the DVR. it cannot 

L'll-:cti\ch mit~~-:tc d'c \olu~: s~'~ l!G\\e\l'r :n<.-r,_:as·.: oftk cu1nciwr sin:: leads to increase 
• ._ '-- ~ l 

P'thc tot:.ti co:-:l,,(-:lh: DVF. '-'' L,L .' 1 <l''"il-Y ~li.!".l'-2e i·; :1 sub~,tantial ponion ofthe overall cost 

dl.ll':C l)\/ i?~. 

\~ th~..· cncrg; stora~·,; hcl~omes tlil~ m. i•1 !irni:ini-_' L1cL:r sp~.·cially l~ll· mit;gating voltage sags 

\\ i~J~ lnr.~~ .... L ··1~ ·o ~. 
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, __ 

·-~ 
·~~ 
>.) 

~;:~g \lcltz.ge '<.13 DC Link capacitance 
j5~---.,-----,----. --, ·---- ~-·------

"),, l 
,J•.o I 

! 
-,r i 

... ~:J 1.--

l l Tc··~,-l=)c 
·-··~- ....__ ·-' 

I 
T3a,J=·1 ~::: 
Tsa,y05s 

l T .. -.. ,, ,,=·ll .-::·~ c :>'..A.::_1 ·.__.._,_1._, 

--------

~ 2Ci 
-~ 

u 
ro 
D-
•:13 

~ !5-

( ) 

c5 10-

E 

0 ---- ____ _____L _____ .~----_j_ ____ ---'-- _ __j_ ___ L __ 

C1 :=i.l 0.2 L.J C 4 CJ.5 ]_3 0.7 0.8 
:::.:;,g vo:1age ,pu 

( ~~: :; r, :;:L!_ \'"Ita,:·: \':e; DC h:k c:,plcitance 

09 

l 

;\.., ~:,p!ain~d ::-:>o\c i1 i,; c.itlic\''1\i'1 obuin" DVR to compensate all the voltage sags 

C\l'~·ricnccd b~ ,he l·ustOJ;!cL Ho\,,:\cr i:·a )\'!-<.is ct~signcd to n1.itigate voltage sags with 

llid"-'llituck O.x •.'u and mon: c:nd dm:tlilm less th:.m 2s around 56% ofthc voltage sags can be 

' • • 1 

e 1 i in: n~.1~c~1 

li•L c·:~om tot.· r:vuircmcr:t w n~iti;plk \oltage -,ags \\ith magnitude 0.8 pu and more and 

dur~tli~'n lc.-:.~ ~ ~tt n 2~; can be (lh~~l}~-,Ld L-;\ ~;ubstit<.:tini2 in cqL>~ition 5.6 ,__ ' 

(' 

) T ' )J .. ;.. fc) )' 
--:-.ag\_· l:lJ , lu:-:.~: 

---- -·-·--------- -----~-~----

' 'I;_ '-. ' . ~ ( ,, c ':.['• •'' •. - ) \·- uc:_,, . .,._- v /L./fcLn 

J\,_t):!-= 2~;: Pi,1i :.::: ,_7(J[·~V'./; P!c,~:s = (;: \i!:•Cma.x = 33\<:\/; 

\/]Jul:in =: G.~.(VDC:n;ax) 

r -- ,.· . .-·, , l. -~-- ' , .. - 1('• C.\jt(''"' l' )'"33'·), ', • _ [.' -- ( L. \ L h . I r) -,- \I) _, J. ) -- 0) \ ,) .) L. - ) . ~::! t.. _) 

Lii:· = (\.61: rn~' 

H~l'><~d ,m th: lh<lVl' calci\·.:tir_) ,,._ \'.C C<"1 pror:)::-: a s·1tisfactory s:1lution for the problem we 

!1 .. !\·L~ studl~~d d '·outlh a IJy~1:J -,1,_. ' ') ->~1:! ltOr '-·'> :t!-1 ~:n injected pov\cr rating 1.76MW 

t~·gcthcr \\it': 1 c,1pa2-lor si1'2 '\ ·<~ '11l· 
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Citapter 06 
·--·.. -~~,_. .... ,._,., .. _... .. .-.-.---------.,,-

CONCLUSION 

I he slud\ c:h•.l\\S tiun lk pr:.:cticd failure data obtained arc highly weather dependent 

''nd ~l r::jt~:c·ti•.):1 ,,f V,lli:l).:.:: s:1g prohlcn Ltccd h' the customer can be achieved 

'tl!rl!Ugh ~':~;t;.::l)l imp;\)\\~il1Cl11S. rh.:rdorc. follcn\ing S\~ tClT !/~'·'ci Mitigation 

Solution;-; ;',cc pmpos<.·J 

II f2 .,, ]. '\H·;• 1' "<· • 1 '•" .,,, '.' j' I···' "I'-'(')" r II· '"'' c··s..: '"' - 1 1) ·'·i:d.cll '_._; ,,_,!',_ L.c.alo.lC'- ,) l.C'-l' _, Ot l)!,,_.1d J, ,J '''"t ) .. 

• lnstalli•1)2. ;m <lUUr . .:cl·)~;U!\: at ot1t going feeder to l3ulathsinhala area in the 

! !nul':l 1:1:'.\ ~clc1 tr' (St"c 5.1.1) 

S:- .;tcm k-, :.-l :~.il;<.:at;,~-, s:,lt:lil:-.:, rc~'di:c hi~.:1er lev;:! of' canital imcstment and giving 

(i com ple;c ~-o !:.1tion needs systern i rn prO\ emcnt in nnny network sections. Therefore 

here a cc·n·plccl' solution ·,o \' oh~·-~c sag problem at system kvel is not proposed. 

P(· 'sihilit\ , :- ~:;,,.j- ::: :1 ~; •Llti('!l lkou:;h ,Jcvic~ ]eve:: I ;nitigatiPn is discussed and the 

!()!\o,\i:''.: ;;1 c~r .... ;s Ill'!'ro~;··cL 

.. f;1::'·11l' -:-: ~)\'1: m:c Vz1hr,~--' ~<cgubior or capacity having 1.76MW and with a 

'-~'-l\'':'.:;tn si/c ~~-(-2 mF d tl1c ir:ccni(ng _:;_:;~,v (TB supply at the customer 

't\~111:<.:::;. '.'-\Cl' ~.'.1) 
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I· quipment Details of the customer 
.·1nne:wrc II 

Drive Type Drive Capacities No, of Drives 
No 
----4-----------n:c Drhe's 3 

ABB-DCS500-B 216kW 

RELIANCE FlexPak 3000 I 75kW I 
RELIANCE FlexPak 3000 45kW 

.., 
3 

3 
RELIANCE MaxPak Ill 45kW .+ 5 
RELIANCE MaxPak Ill 11 kW 5 

LENZE 216kW 
6 

7 ___ I -----~!3-AC~~Ql_ ________ I -H 11 kW I I 
8 r Ass-Acs4ot r 7.skw 1 

9 ABB ACS550 I 30kW 1 

10 ABB ACS401 4kW 4 

11 ABB-ACS550 T 4kW I \ I 

12 ABB-ACS800 =+== 200kW 1 I I 
13 ABB-ACS550 I 132kW 1 

\4 ABB-ACS550 L- 22kW \ 1 
15 ARR-ACS550 I II k w 2 I 
16 ABB-ACS800 L_ IlkW\ I 
17 ABB-ACS550 I 7.5kW 4 

-1 
i 

\8 ALLEN-BRADLEY 1336 Plus\ 1~260kW 1 

\9 ALLEN-BRADLYi336Plusl\ 22kW \ 

20 ALLEN-BRADLY \336 Pose II 7.5kW 6 

55kW 2 
21 

ALLEN BRADLEY 1336 Impact 
Force Technology 

--..,--..,---+~--A--L-L-EN-.--8-RADLEY Power Flex \ 90kW \ 1 

-- 700 ____ ------~--------------~----------~ 
10 

_ -~-__j_~~~ENF~~-1~c~~10\~~~=:ac~j__ ___ 4k_w ____ -----\----------------l 

3 I 

33 
34 
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39 

40 

41 

42 

RELI.A.NCE G 
-----
RELIANCE G 

RELIANCE l 
GV 3000S/E 

RELIAI\iCE 1:

GV 3000SIE 

V 3000SE 

V 3000SE 

LFCTRIC 
,c DRIVE I 
LECTRIC I 

----+------
\C DRIVE J__ 

--------

ELECTRIC I REL!t\1\CE f 
43 GV 3000SIE ·\C DRIVE I 

llkW 

7.5kW 

5.5kW 

4kW 

2.2kW 

~t~~BERG--j- -- -t5k;w 
--------- -------

~URNBERG i 37Kw 

KEB Con 

- -45- I BAUMU-LI~E~ 
44 

46 

47 

48 

BAUMULLER 

RELIANCE f 
MaxPak Ill \'CI Drive 

------

J.ECTRIC j 
-------

HR 2000 Ser 
AC D 

vo Control · 
rive I 

---~---- ·~ KlllO [ 
49 

50 

51 

52 

AMK A~1KA 
Servo Co 

RELIANCE E 
GP 2000 AC 

nller 
--~---

----

ECTRIC' 
)RIVE 

I 

I 
I 
I 

- - -- -~ -----]- ~~-

I - --------~---

Telemecaniqu e :\ltivar 46 

SIEMENCE S 
3RW 

IKOSTART 
34 

i 
i 
! 

L 

45kW 

4kW 

7.5kW 

7.5kW 

250kW 

185kW 

5 

2 

6 

3 

, 
-' 
5 

8 

I 

2 

I 

6 

2 

3 
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Analyzed data in August & Sepiember months, 

jDate & Time 
I 

' ! 

Customer's re 

Remarks 

I August 4 . 2007. I CEB failure 

I 2.54 pm I Tripped UV 
i : 

: August 5 , 2007. I CEB 

8.25 pm Tripped UV 

I 

: AuQust X_ 2007. fct~B--1;ilure-
l 

! 7.00 am I Tripped lJV 

I 

August 18 I CFB f '] 
1 

"' aL 

2007. Tripped UV 

1 8.55 am 
f 
i August 24 
I 

, 
1 

33kV VCB 

2007. over current 

3.41am 

·~~--=--~- L l CEB failure 
I 

! September 

. 2007. I Tripped UV 
i 

5.22 am 
r--

_____ j_ 

asons & I Observations at the 

j (iSS 

.33kV F2. Earth Fault 

J3kV ~F5 Tripped (Auto 

I reclosed). Earth 

fault occurred at 

I Ingiriya side. 
-·------+---

.33kV I F5 operated . Earth 

I -
! f"ault, 0/C 
I 

I 
I 

I 
I 

j 

,33kV I 132kV side 

I protection operated 
I 

I 
I 

Tripped 1 Common inverter 

I alarm 

____j_ 

,33kV I F2 . Earth Fault 
! 

' ' 

I 

i 
! 
I 

• September 2. CEB failure J? kV I F5 bus bar tripped 

: 2007. Tripped Over c .trrent I OC/EF 

---

September 7. i Voltage Fluctu 
I ~ 

at ion F4 fault trip 
________ L ____ .. _____ _ 

Annexure III 
•it, 

,: ' 
.. ·: ... "'' 

} • .I ~ • 

,, , 
.. ~,:Y 

-------, 
Comments I 

I 
I 
I 
I 

I 
! 

-' 
Merbok IS fed by F2 of! 

Horana GSS .this is an Earth I 

fault 1 

--I 
Customer premises might 

have tripped due to sag 

voltage wave originated due 

to tripping of feeder 05. 

Customer premises might I 

have tripped due to sag 

voltage wave originated due 

to tripping of feeder 05 

Voltage sag has bee1~ 
I 
I 
I 

originated due to 132kV ! 

I 

breaker operation ! 
I 
i 
' " -
i 

J 

Merbok IS fed by F2 of I 

Horana GSS .this IS an 1 

obvious fault I 
-j 

Customer premises have ! 

' 

been tripped due to a voltage I 

sag originated from r- i ·) I 

I 

tripping 
I 

Customer premises have ! 
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2007, ~---- ----~---- ---~ - been tripped due to a voltage l 

I sag originated from F4 I 
I ' 

_ I tripping : 

September 12. ~~tilure .33kV ~F5 bus bar tripped Customer premises have : 
~-~-~--. , I 

2007. 1 Tripped Over current OC/EF been tripped due to a voltage I 

I sag originated from F I I 

I : tripping I 

September 13. ; CEB bilure .33kV~i--FJ over current Customer premises havel 
' I 

2007. i Tripped Over current i tripping been tripped due to a voltage ' 
I 

~~~~~l-----~--~··~ I tripping 
September 14. 

1 
CLB failure .33kV ! 132kV relays have 

4.35 pm sag originated from F3 

2007. I Tripped Over current I been operated & 
I 

4.40 pm i restored 
--------'-------------- ----+~----------+--------------___J 

September 14. • 1 F4 tripped & current 

2007. 

, 6.25 pm 
I 

' ' 

restored 

___ __l_ 
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