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CHAPTER ONE

INTRODUL TIOM

ser wysiom 15 an hnporiant fulime ¢ eyig it mz*g sysiem that has 50

et dn de with nationsd ecnmanty and people’s Svetibond, 1o modr society, with

figh level of techundogy, poves sup ply i cxpested o be availahie continnousty. This is

‘j‘\iﬁ g fars §

increass i the asmenp jon of primary energy . On the other
wansdd, whestrival pnevgy b woding o0 eplace o the other form of epergy on account of &'
patreene simphicity of control and i digribotions for wse both in barge and smnd
quant fhien,

The process by which eleotriesd powsy i comveyed from gererating station o
the sopspmer's promises may i geooral be diy vided ile tevo distinet parts: Transmission

and Distribution, Of vonrse, there are yarious source of power pencratinn ranyring from

Hdrnelectric, Solar, Muclear nower station gi0

-

Teansission is necassary alter ponerated slectrieily hos passod through some

process tike stepping- up i st fr high voltage transmission,
Phigiribution, which is the fasd procoss o the oonsumes ‘s propnises, tehos e
taegast puroeniage i the overall irvesting cost. Digiribulion system ©88 be divided mio
section; Peedurs, Tstrilasors and Sub-disributors
Preders are conductors which coma sub-siations 1o the distributons via

Gigtribation trmsformer wi feh serves coriabn allocated arrran, Frouw the sube

distribnings, various [apping are sode using sorvien mo THey

Thee exist sonms sophist ontnd profestion £ devices provided foy each srdd ovary

section of goneration, fransmigs it and dabiadion af slogiric power 10 aved oF SIS
Fisedt DUOUTIRNCR, higﬁ‘ vosltnge foss, gystem aoiinpae aod ovan presinotions s the slatis

captipppent v fved ¢.p. Transfonmer, Thoss protention devinos aise holp o spoeding uf

P



the repaly thie awi i scheduting matntonance, Ty gy cases alorative supply paths

are available, so that comspmers do not expericnce any nlerraption i supply of any

forn,

i strist sense, the word reliability menns the ability of 2 systom o perfinm

required or deaired Bmction under ons for a given period, The available

protection system amd e network configarstion, b conpmction with statistical data o

the Biketihood fault cconrronne, can also bo vend fo estimate the overall reliability of
supply o any consumer.

Rehability plays an important role i econonyic and soctal sspent of Hie, the need
for design, oporations! cost reduction in bighly compuditive marked nnd more are wasons

that give refighility more attention or signiflsan

I SYSTEM RELIABILITY
Power systom woubd abways experionce 2 sot of operational constraints. boms
comsiraints are divectly invobved with the supply such ax bus bar vollage amt fequeney

¥

yariations. Dithers which are In divect bot equally important in operating sease including
couipnent satings, systom stability fawit and faults fevels 1t should be slear in our
svinds that Hee torm *Redinhiiity” has o wids s of momeuny and can i he nesociatnd
irs 2 single spocific definitions, bul In general, systom sedtabifity function in g given

period, With this meaning system rebiability of power both stochastic and delerministic

eriteris divided b Do

3



SYETEM ARRDUACY AND SECIRITY
Systeny adeguany rofétes o the existonce of sufficient factities within g

sten to satisly the consurner foad demand or systermy operational constraints. These

inchate Tactiition to generate sufficient energy i conjunciion with rmamission and

siatribution facifities requived to franspont eneegy from peporating plant fo comsumy

Gysiem security relates do the ability of the systamito respomt o distiurbance
that arises within that syston

£

o~

5 alse thore fore, assoniated with meponse of the systom to whatever

>

pesharhation # iz subected o

.11 TYPES OF SYSTEM RELIABILITY

'

Beofore going through relishility sysient on gemrration, transmission and

cisteiation, fotuy have o guick fook at types ﬂ{”,fx{xm sedighitity.
CIPERATIONAL BELIABILITY
?sm; euidis from the obesrvation ansd analysis of the behaviors of beo or more

identical systpms operating under the same conditions,

PREDICTED RELIABILITY

Jesign and

.
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e
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pet
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it in a geasurn of the §=swc§f fabidiny assessed faking

rediabiiity of s component o cosmsitderation

EXTRAFOLATED RELIABBATY

frd




This results from o oxdension by a defined imerpokition of the nporstional

v

rediabifity of the different dusations oy stress conditions, -

1.1.2 QUALITY AND R §51i.)?A.ﬁ?ﬁ’.;_ﬁfﬁ_’&‘

The termn “Cualily’ s defined by memational standard prgardzation as totad

features and chusractoristios of @ produst of services Hiat bing o is ability fo salisfy its

Cuality of a product ov services fo be provise, is characterized not curly by i3

comforrnily to the specification i also by 1's abliity to meet these spreificetions over
i cutive Histine, Meanwhilo one of the basie characioristics of a proghact or services
shat contribuie t 178 quakity is s veliability. This rellebilily however brcomes an

sxionston of quality over a fonglime.

1.1.3 DEPENDABILITY

Nepenstubitity can be defined as the scienve of £

ey
R

res, thelr assesansend, their prodivtion measursment and

thie knowisdge of thes

onstrod.
Srepemiabilily, to be prociss, s the 2l Hity of a syston o porfonm one or 5oy zval

guined fusictions widet aives condition. It iz charselerized by the fobowing amsepl,

$EOLEsE
i

BELIABILATY
Fhis eun be defined as the probability of a comprnont or Syatem will perforny #'s

proseribed duly withont faitore far o given thine when oporated sorrertly i a speotiied

SEVIOIINIEn,




Fatlure rate s the revorse of relinbility and i3 oxpressed as

vy

g b B
AVAILABILITY
This momws ability of a2 sysiom fo be in the slato of performance in roquired

function under given condition af a given instand of Gmes,

Bt

Cinavailability i the roverss of svailability, # is exprossed a5

o

LY = e ALY

RAINTAINABILITY

s b0 specified conditio

This mewss the probabilily that 2 sysiom willy
within 2 given period when malutenance sotion s porformed s secordanee with
prescribed procodur and resonoes,

Pow - maintainabifiny is the noverse and is oxprogsed ag

{:}{;; 3 B ?‘.\’3{;;

SAainteamnce comes i iron forms, Predictive, Cmrective and Preventive mabvionmuwe,

1.1.4 MEED FOR RELIABILITY
‘The scnnontie, social aml politioal chmate iy whi ch the slegiric power supply

perates has changesd considerably during the fast few dosades. o the

perinds between 1960 and the end of 19703, plansing for the cosslraction of generating

phant was refative anoomys dicnied, lmad times were refatively smal! and cogt was

redntively stable, This shuation changad i the mid- 5, Inflation and huge ncroase

iy ol ploes o
od s ffects introduced considorable unveriainty in predicting fisture

Thaiw combh

desvand. Now thet the communication seotor is growing fast in Migeria, what safe

goated & raphd Increang i conRAnLY sariits nad Huctomion growth patloms.




grards the effective commuanization at a considerts or cconomical shtime fartff o the
customer is a poed to have in place » hipghly reliable clectric power systens, The same

siturstion in the power electere veliability effect should also bay given 1 other sectors ke
Banking, Indastrios, Schoot as well as commercial entorprises bevause powsy putage is
bzss roliable or bow qualily power supply g s offoct on different angle (o ol these
sectors mendioned above,

With the rapidly growing converpence of various servives from
teleconwnunication to manslacturing, the big question is whatl they really noed in the

way of back-up reserve tine (o mainiain the | ;j} redtabibity that is expecied i the

power systom in this country aller various Badings,
horeover, Farab sabosd, oy industey anabyst af frost and Sollivan based i U184

sakdy "4 back up pover syston b s must, a8 more and more Businesses are bogoming

sission eritical in today s wived world, 1 duek the power orises that Unliforda (U543

experioncid during year 2008 wd 2001 made # olonr thad companiss cannot depend on

atifiny consistent and power,

H power orises, o vonsumer end con be exporiencod i LLSA, a8 advanoed as
their technologhes with experts in power profection ansiyst, thon what do we think will
e happerring in o thivd wortd country ke Migeria with nowly Hoeused mobile

- ~.

rehrsomnnis aiwzi BB perators which for every switching copdre matalied ot the
expense of eapansion [ thelr sobwork, go along with af least be genorating plants
comneria i hot redumdancy &}';';fm for continuous power supply o the switching siation

Gy orders to hit the target of every effectbve and relable communiontion service in

Nipoeis




Power proteciion and sralyst expert i U84 rondized the sic gniftomnce of
reluability to the coonomy, put up and prosont papers based on these priority dopivs of a
INTELEC confesonve rarlior

Power outage! causes and provention
Relabibity apalysis of an 4.0 voltage
Dhistributed powse sechHoctore in the context of cont effostive data cenler
Comsideration on reatified siving

The only way o which al thes

connputing and diverss unoerininty can be
wiighted opether inan oldective and ¢ cnsistent fashion is by the e oof qualitative
sebabiliny evaluation teehuigues. The rensdi van then be related (o the coonmnic sspmet
of systems planning and vperation, tw lupact of which iy playing an increasing rode in

w fulure power systom dovelopment,

.20 AIM AND OBIECTIVE OF THE PROJECT

Stnce the sk of cloctricly suppbving is to reach the vonswmer end {poingt bad)
regardions of the vses, with high qualine amd as coomemniont ox possible. The projed sims
at developing a software programuned Lo analyre oritioally zwew sore digtribution
ciiability ndices, the available projestion svsions and the network configuration i
comspunction with sintistics? datn oncthe ke bood of faull ocurrence will e used o

wabimsin the averall veliabiliny of supplhy fo any conmuneyr. Thic weill give an expeoied
: 3 b ¥

kS

<~
-

nnber of hours fos! oy cach consumer per armun and world bo useful o engieers &

maproving e oxisting ones.

fmigning #Ow
1.3 LIMITATION
i wlootris power sysion which conslate of Goneration, Transmission sl

ix van bo carrvicd out on thy throe foectional zunes. This

Dhguibation, rofindility analys




projest is however i*m;iui to ondy distribation level, Al date wsed b the analysis were
extraviod from MEPA (FHUMY MINMA DISTRICT exvept assumptions mude on the
spvsbay of customors on the fooder and ¢ ii:;ms{z;ct covverved for sasy analysis.

Poresver, s apalysis Is caviod oul o the basis thet clectriclly is supplind
fromg i_ifzz:‘ PRV sebstations freder 30 the fow voltage sido « a’"s deoand gvney

correspording dstribution ansfrmer wro considormt and slso overy el that sao

EEs

thege poations are sonsidered, thevelire any ol soowrrence ot lnteral line or o
costomer end tiat loads to forced potage of the system o fanlt of any kind are
pegleciod. AL distribution rehability indices calonisiod are smmuatly based and the
somprrer progranmned desiencd can be ased o determine all relinbility indives of foedpr

ane al g ime,




CHAPTER TWO
HISTORICAL BACKGROUND
Beliability consideratiza now oocupies an finporiant place in the asire
engivering of complox systomns and lectrion] systoo. AppHoation has generally
moheled mochanicond, chemical and slectriond gvstems,

Puring the st devadis ¥ has booome self evident that (o minimize the

ity of Tatlurss, buman ooy must be takes o account, Hluman error has

figured pronuvily i marithe, aorespace and clectrionl power industries, Human

eedinbility analysis (HEA) proctitioners amploy systems enginenring and hehaviors

Y
seiences mded and techniques o offort fo guantify the human contriution fo rish,
Fluman reliabdiiy anabysis (HEAY bas i rood in the sbudy of Inanan
povinrmance; basio rescarch combncted in exporimental povohology and the brhavioral
selenwe has supplicd the buihkling blocks upon which condemporary mesdyais and
g f k ;
usantiffvation torhniques are budit

Many of the major {HAY technigues bave pathered data from thelr basie

dier ;;ﬂi:s v and the provide mechaniam of extimating Dathery probabslitics. Thoughont

mm

parky V9RO s, quatifivation echnigues profifrated review of tHorature yieids
approximately 38 HEA teohniques,

One wajor difforonce bobweon performance reliability analysis (PRAY and
fumian reliability malysis (FIRAY is the fact el no somploet source of data oxist for
fuapan fathure fest, Mg recurdly, offoris Bave boan made to collot amt slorn
prohabilistic data for BRA i dats base such as nuclear regulatory covemission (MEL)
spropanred |

Veclmigue for Faanan Heror Prediction {i% Y hand book {Swals and

CGubthar, 1283) and the Nuclear Computerized Libravy for Assessing Hoacior Reliabitity

)




INLHCLAREY (Oortman of al, 19901 A these database dovelop, thoy will become major
conrces of databases containing Bailure e infopmativn for § Drecizion Base Hyvors
(EIEsY, Corrently, the sisk impact of DBEs i notiber welt dentified nor qualified.

fneeptions enist fo the applicalon of the confusion matriz approach ased b the
PR A sod b the matrby sppronch i,’"ﬂ; doved by Wakefield in the PBA fro Thyee Mide
falond (1R unit 13, The confusion matrnis approach idestibies the potontial for
confasion on the part of the operator bevame of e stmitarity of gvond signatures.

rinos modification of data basad op operal won data, auch as the NRC sponsured
{icense Bven Roport {LER) system and nuclesy Power Rodiahitity Dala Systom

FPPRDE) o the US department of onzrgy { FUOR Y wnmeal ocousrence reporting systom

FLHCHLY, cemhd provide an exveliont source of humay failure raie dala a foowy nucloar power

Sismitarty, the Poderal Aviation datn hase on nest minges for o in PRA,
sty dudies sumbucted s cither taining sinuidators of sesearch shmulaios have
simifar potentisd fo provide fathes oo wationie.

Vhse of the really difficull probloms faced by those respo sible for phundag of

o
et
S

v

vie supply ::if:m ia that of deciding how far they are justificd fhcreasing the

g
ivesirent of their properiies fo mprove service el ability, While this problem is sot al
Al e i tee industyy, i has nevertheless takan on preatly incrensed si peificance in i%
past fow yrars.

i goncral, there are three brol ad wapeets of this retiabilin v question. The firsh is fo
kKnowr zismmghif the present quality of one servios and just o/ s harmed by the
present outage and how snch, With such backgronnd of systom performance i s s
difficull fo deferming u%vwc ix ponersi the groster %m;f,;,-'u'-:} fie. The ssoond aspect 18

knowledpe o] the methods 2 hand to lmprove service in many sinations, which avise 86




well as the cost of these sanedies, 1 is bighly mportant hat these mothods of improved
rotiability b studiod oul in advance and their effectivencss and cost olearly defined

The thivd and most bnpontant i the exercise udement us to whore and when, 2l

shings considered, expronlitores should be made By increased reliability aod bow far to
go with thenw, In theory, the erferion 1 that of costomers compliant and what incroased

price B ix weilling 1o pay e more relinbilily

W LYMAN, i big prize winning paper on power systarn planning dated thab
three of the most vital problams around which the whole fabeie of Bt planning is
woven are Byecasting, the relation botween loasd and capacily and fixed capiial

roplasemes {1}

O8N 3

He abso stated thad, 5 mgjor problon i desdgn of power systom ant

combrinatiom of the desire o roader reasonable contirnns sorvice and the

sitibility of the coipmont, A nber laege proportion u the fxod captial i 0 ocoupied
and g careiud analysis of the relation bebween oad aud capaeily ts e starting point in
A effort o reduce cost of service,

Lymsan and Sovith |3 identifiod ten classes of probloms: The fiest s concerned
with the chance “coincidence” of unrelated pvonts, such as awe:svzmvs #, random,
independent outage number of generations. The second problem concern widesproad
and snpredicted catastroplio pvents which may double o onle eneration or oven the
pidive systomn. by such emorgency, the more ansdtipticity of generating unit or oven
geawyalions may be Hile or no avaid fogs of fand,

Smith olaimed that for the frst olass problome, probabitity thoory bas 85 roost
sl application and thet dats for calonliation for the oastropdin class wore diffionil o
sheterming. Potl also troducod twn orfizeia for sppradsing the selinbibty of gonerating

E

supply. Lyman sticlied thi probable Inferval botoveen capacily oulages: bo reasoned tHat,




thare s very Bitle guestion abowt provid Chraking of one wat (hotlor-turbing

peneraior) beoavss this s knows o ccenr quite oflen. Further reserve 1 asually mstalled
for g dovble cutage beoause experivnce has shown that this may oocar svery Bvo o
threw years, Howoever, vory Hitle soney 18 spent in anticipation of combination of

bregkdoswn thal way voour on the avermge of say, vnoe every twendy or thirty vears,

Bnith, on e other hoaad, dadiod the vish oF losug a part of the Jomd, e
prostsbem of how much sprer copacity fo provide resolve Btsed] into bwn distingt parls:
The Grst, how reliable shall be the seevice?, what expesiation of load outage v 2 veour
shald be deewsed satisfactory?, Sevonsdly, nnne this standard has been agroed upos, the
systesn should b eogivecred (o moet i1, From the coal pile to the customer meter oxist 3
serien ol apparatus, 2 kimd of chaln, each Hub of which may at times fabls. The sum of
outage cxpectations of each of these Haks wust be equal to the oulage expectation selup
for she system as s owhoh

Alhough Lyman and Biith divecizd cossiderabde atiention io the paper fo the
penprating capmeity probios lock of dws snd Hinlfalion of computation Guilities
severely restricied the aumerical apphoation of rellability procedure to the study of

¥

generaling eystorm adegquscy. A penergting wnocssary consihe

o

ring the varinbility of boad

v

3

andd the variability of opertional capacily deponding on the nuinicmnce soguioaionts

and o schedule outage. U appears that probability methods were Thest applied 0 the

P

siudy of spars generating capacily and that Lyman and Smith reecived the credit for the
fust proposal fo stibize such method. 1]

Frean his stishes of eelstionship between sverlapping capacily oulages, Smith
comciuded that i i sot o loast :;izozzé;,i e weoll recopuized sither intodtively or thoop!

actuat pxperience, that as e nmber of goneratitg unils in a sysiom incrases wilh

srowtls i foasd, or due to der-connect with other sysioms e porventage of spare

.
I




capseity can be oreased without snorifice of service sobiabiiity. These are yool convapt
contained i two widely used plapning mdw 5 for pencrating systoms: inferval between
pstages {which nocessitate nuriaiiment of foad ¥ and foas of foad probability (thal is the
probability thal gonorsling capacity will b dedicient. In both cases, attention ix focused

apon svents iy which there §s tsulfic jont capaeity availably o mest the demand due to

pveriapping ostage of a portem of the anits i genoratiog systom. Tho genoration and
fods nre assamed o be compated (o the sume bus (single srea} of atmost 4 sinait
pumnbes of buses (i area. |7

T

idices pan reflect inter area He Hve capacily, reliability and availabi iHity b

v

herause of the single- buy sssumplion canned frop “25_ ¢ recognize trares Hines
eactical methods for devetoping these indices are availeble. The msthoeds soonant for
schedule maintomance and overbaul requirement, annual distribution datly peak
Jesands, sensonal squipmen oading and overloading B mitatins, overlapping foroed
estage evenss and risks of deviation domand forenasts from realized domand,

“The twi methods et ngdepundent generation-outags events, Ryveithe Mypr ong’

PRRY

oy sl oo not frow

wishrspread mud suprodicioble cntastiog e ovendy, the bype

two problums.” 1 s ovident e Sl wag crmpernod with the probioms mvolving

S

pensration, trapauission amd aeajoer shstations near foad cenlors. Inomoden fextd

are “hulk power supply” problems.

An attendont problom sssociated with ptitizatinn of siatistical concepts is the
availability of applicable mul consist dala; and in this regards performance recurds of

pracTating unis v been kept for roany yoars, tfonmation suitably for genpration

SRV pi/ﬁz‘zww el as opersting data apd schoduled and frrod ouinge datn Bas boan

2

codfocted and published by Industry organization siigdy ax dhe FEEE.

Three vilal problans in the Batues planing of grnerating plant me e fodlowing:

£




W Long range forecasting
% aphal reqriroment prodiztion fur adidition and replacement of gomrating plant,
S Assessnont of rish of geverating copacity duficionny,
The application of probabitity methods 1o distribngion sysiem desipn extends

gver a pertod neavly as loug ax the gppdication to geseration,

Relfabifity pvaluntion of generation ‘ lﬁm mpss Y System came ynder
mvestigation i Burope and North Amerdea in 19605 The term “composite systorms
rehiabibiy ovaloation” however first appeored in 1969 The basio obiective has 1o asses
the ability of the systan o satisly the veal and i'ti;.{i{;ii ve powet regisirement at such nujor
foad point within acoeptably voltage fovels,

Two concurrent and indopendent streams of aotivity as boon initatzd in Burope
amt Americn during the late 196075, These approaches to the asseanment of composite

winy estiabibity are fundamontally difforent nid with submeguent develnprsent have

el
s .#

becoms known as simulation wd contivgency enumerstion methods respectively, It s
posaible that the requiressnnl ’n; modeling peaaraling copacity in generation played 2
Ry ol weosdloctiog nossdable sppronch o composiic systom reliabifity svaloation. The
5 mgiende 4 [T I O AR I IILE L P ., v Y e B o R
French and Hallan systom with signilicant hydro facilitins winding pumped storege
wore strsngy motivated to develop a methuad capable of modeling bydrn resournes and
therefors utilized Monte Carlos simulation ssthod,

Purther work i both the sres of simulation cmmneration were reported in the

earty V970, The gencrad mres of power sysiom reliability evaluation and particularly

phy wecive a constdorable bnpebus as at 1978 2t

guestion regarding medels and philos

¥

# workshop ontitiod “power system reliabelity reseanch” noeads prioritics wiich i not

directly reduiod ave impaated condvibuiions lo goneration, anseission and disleibulinng

rofiability ovabustion, F1]

v




A wide rangs o probabilistic tovhaiques have bare Jevelpel. Thess fuctude

depue Tor refiabifity cvalontion, probabilistic load Bow s probabilistls ransent

The fundamental and common concept belind vach of thess development is the

need 1o reooguize that power sysiom behaves stovhastiont iy nnd 2l input, oulipst stets
ssed event paramclers are prohabilisiic warinbles. The probabil iHastic technigues have boen

developed witich recognize unt only the severity of stato or an event and H5 impat 06 8

systotn behaviur and operation bt also the Hholhood of s oocurrener, {17}

2.1 MONTE CARLO SIMULATION
Thee are two mam reliahilily zvaluation approach | the analytical spproach and

e honis Carle shnulation sppwosch (MOE)

The basic prineiple of PICS bs that initlates the pperation of & systsn over 4
posiod of the, 3 involves the gesoration of an artiticial history of the medel of the

systerns and the ohservation of the vend

‘x’.‘

yaten, This approach reguives g lange smon of

cosndpaaiting thoe anl storage eoorder o develop 2 sood system model and therefore, #

should uot be used exatensively i sllornsine micthends are availabie.

‘/

The sizraz.;%aié{:-ﬁ tectmsigue however i vany o apply sud can e nsed to sodve
only simple problenss but alsn prob denss whese diroot analytiond solhution may not exist
Moste Carle stnsalation & atiractive imtmszaqofﬁw fexibility it pernsits as npposed o
miesre sesistive analvtical mothods, Ty order words, the aroblom do not bave to {3 the

H

modet or brohnique instead the model is developad to i problems.

Shnulsion echiique can b use to quantitavely ostimate < tha wyster roliability
pven the nust complele systom goneraling & apss iy suation, Hxisting method for

cateutating pencrating systom adegeany Z; o5 do net euplicitdy consider cortabs unit




funetions g systom oporsbng policies: Muonte Ui stmulation, howover provides o

mothaods of analysis which permits relasation of many of the radiicn asssep Ly

conpeated in the snslytical teohnique waed 1o catcubin wdoguasy mdices, it also

suanndions 25500 tatod with

provides a benchmark for comparisun of various msdel

she analviion] wohniques.
Yiso o smuator shortonnsing of most analytical wohiigues s that they van o

provide the distribution sssocisied with the setiahifiny indiors, Thia distribotion can be

cof wsing simubion. {14

1.2 AMALYTICAL TECUHMIGQUE
A preeral anshytical approach or technigee bas begn duvelped to dolormne

approximate information in fonm of perventile to desoribe the distributio of the

reliabitity imdloes. A reliabality fudex con be exp wessed 650

24

e e e ape tho random variables

&= §§ «"45 ,a*' z‘\* el i wWheie ,\1 }g,. ’ﬁ,*

which dopote the paramuiers selatud 1o the componest performancy aml system

pperation. The varlable 2 §s & random variable booanse # 15 a function of a randony

w the system configuration s

varmblio. Th
The ohjsetive is to detenmine the

the reliability ey represented by o function.,

g:%ﬁ.ﬁ}ﬁbiﬁéiy distribution of the random variable Xy, X, X - m om0 810 oW,

Direct avalviioal methods g b

pvailable for ohtaiuing the exact form of sime

actions of ke varisbde, Those methusls do ot provide solution

simple sigehraic finw

for all typos of prohahitity distribation, which are waally used to yopresont randuom
variabtos, Hence, the reliability indices are inty ieate funetions of random varlables such

ey

43
7

as component repaiy ime, restoration e o e swhich can assoe 2 wide TADET €
thyee mnjor steps

probebility distribution form The analysiy roguive




Rtep b

Fhe firsy four raee mosend of component fatlure and repair times and the systom

s

reatrsation tines sro deforsined

The average value aod the sooond, thisd aud fowih centrad moment of e
chibility sudices are svalosted ssing moment oblabs o step | and the imformation
cparding the systom configuration,

Step 3

The Pearson methad s stilized Lo ﬂvaiuz fo the approxbmale percensile of the
;f::%iz;i}i?iiy wdices. The Poarson methed approximates the probabiliny diseribotionof g
sandom vavisble by utifizing mopsod. The solution olitained s apprnsimate bocavss o

b %

srobabiiity distribu

4

s

s nof fully desoribed by the firg fowr moments. This

sppropriation hag however been found to give g good result, The Pearsun technique can
provide an avalytoa! oxpresdon for approxinate probability distribution, A computer

prograsmme has alse heen doveloped atificing the analyticnd approsch fo determine

perontily and some distrilation indines. {14}

2.3 RELIABILITY EVALUATION FOR POWER SYSTEM

The basic fonciion of power systom is i supply customors irespective of the
sses, be it residential, comnnorcial or hudusisial with clectrical energy as connomical g
pomsibie and with an accopiable dogron of relinbiliy snd guelity. Rohability evaluntion
o powes poneration, tromsmission and distribution canbe dissussed vividly for belter

understanding. $13]




a3

.50 LENERATING RELIABILITY EVA LAY
Fetinbility svalnation o tolal grvmeaiion s oxamined, achoopemy b0 mepd ot
sysiem nad roquirsipent, 19 ths slady, the ansmission aml Hs abifity (0 move

pengraied power (0 CONBRITIY -y fowagd proint as e, The only concern is in o stimiing

the nesciamy gonerating copacity i sntisly the systom depad and o Bayve sufficont

el

v

capacily o ;tsi:::"f"z‘n‘z‘z: crpseotive and proventive muintonance o e ges wrating facilies.

Fareserty some detorministic eriteria have been us wadays probubilistic oritessa,

cach as loss of ot cxpectation (LOLEY loas of snergy expectation (LOEE) and

g

Froapency st Direction (13

o

LY san be found,
1oss of toad pxpeoiation (LOLEY b6 the avoragy sunber of days on wihich the
doity peak foad is cupected o ortoed & the available generating capacity, By thi MICHRINg
i dioates the expeotud number oof days v which 2 tond foss or du Ficiery Ry QUCLE,
Lass of pasegy cxpeciation {LOBH) the cxpertod wnoegy that willmed be

suppiiod by generating sysiom ¢ due 1 those neoasions, when foad denands exoe weehn

avnitable pensrating capacity.
Freguoncy and Dusation FFSDY eriterion ts an oxtensinn of LOLE indes. B oalso

identifies the cupected freguensy of ence suntering duficioncy amd expeciation ol

doficiencien, THH

232 TRAMSMMISSION BELIABILITY EYVALUATHON

eliabitity analysis at nsm sssian lovel s called Bulk Tranunissinn Systens

«

svatnation, This analysis can be wed 0 asssd e adeguany of an exishing of propoged

s fnotuding the opaet of vl reom foveed alinrmtives a both generating ard

< .«"

ES R

anamittiog lovels, They donot inchide system dynamics o sbibity of the systom o




prapond to transiont distirbances, They shoply meagues th o abiiity of the system 10
adequately nel Hs regquiminent in o spocified set of realistic slates.

Phsre arve many complications m g ypo o o anatysis st as overload effect, re-

Japatch of gencraiion aul conaiderniion of ndeperdent comumon pauss’s sIaton ouiEe.

253 DMSTRIBY ﬁ(}% LS smm ¥V BYALLIATION
The overall proiem of cvahuatm can hecome more compler By power sysiom

hecmine diatributinn ovahition irvolves the endlie funciionat zone { Lo, gemrating,

ranniting mud distriboting 3. Aing frowm generation poid and transniiting at

¥

{oad poinis,

Comshdering the roason above, distyition analysis are usua siby carried out a8 8

separaie entity. The objentive of thig anabysis s 1o phiain suitable addeouany indives at
the wotusd comstmers basd pomis, The primary mdices are tie exparh cid frospuency {07
vade) of fuiture and the anneal vnavaiiabifity or oulage tise of huad pinis.

esament of distribolion s asua ity noneomed w i sysiom

sdureaver, reliability as

sfemmance 2t the Toad point, Addilumal sof ¢ of indhioos neey Systom Avoragh

clomer Aversge Inferruption Dhaatios index

sterruption Froguency In
(AT, Averags o Sepvice Availability ey (ABADL Avarage Borvice tinavaiiability
tadey {ASUD and ?;’im;'g}’ Newt Suppstied (ENSL

Kacamwhile, the refinhility indioss of & stribution systent are functions of

ey &

camstom b pature, (18]

(N
e
-
b
e

¥

component fatlure, repaly yesioration thas which o

334 HUMANBRELIABILITY

2

The tormy © loman Reliabilhy” s use 4 1o cover the siuation i which pe oo 8%

ating sysiont bry thee

Hoperaing” of T atptainer™ can offect the cormel oF SBVE PO

i




cireamstances people are (allible and can cause coanponent or systen fature Inmany
weave, Haman reliability must bo conshilerad moany dustgn by which human fultilaliny

might affect refiability ov s afety. Design analysis shoul i incdude speciiie crmmiberation

oo B Tactors such as the possibility of i corneet pperstion of mainianance, absility i

4t and respomt to faithure condition or ofhes fnctors that might influence them

shiditios bui such

Adternpis Bave boen made o (quand Py wariouy human ooror

3t be froated with cantion, as b perfonmancs i 1o variable (o be credibly

frecast able frow past records, Human ooy g dahitify is wsally depundent on

svational factars, o they must be

wial amdwm

frasning, educational, super vis
i nany Cancs ihe desipn orpanization bas Hitle or no cenirol over those faciors,

soorific ratning, indepombont chooks

i the need §

bt assbyais can be used (o high B

g opoar and natnionauns insloe tom and wariings. L6

2.4 RELIABILITY DATA

The diwcussion of any quaniilative reliatality cvntation i varioes {iod leads b

discussivn of date gvatiable and the data reg i backing sach sludiss, Yahid and uselul

data are exprnstve to coflont, but i sl b e rocopnized b the foug run shat it would be

pven more expensive nol o sollent them, Tis sometimes arranged 2 o ahi ch comes

P

firat, Relizbitity data or Reliabiiity mcthslkrogy.

fiey have not fully detesasirmd whl 1o do

-~

oo the e codloot data bosause

bty studios boonuse Bo

with i fmethodology ) Uopssquniiy, they do not condust
data bs availabde. 1 should he clear in our cvimad that data codtection and reliability

ovabaiion are interrelnied

3




data it should be romembered that an unlimile < et of dais

gaiy ert, anabyze and store more data

can be coliocted. 1t is officient and undesy abile

1y hoow the

than is sequired for the parpaose intended. s therefore esaential to sdenlify

siding what o

datn will bo used boiove &

§ senne. dhda can b coflected for twvo reasons; assossmend af gt

foy ven
pazefornancr amd praliction of futire systom porformance. Heooe, cdfeciion of dats i

ihyesefore essentid as it fooms the mpad bo roliyant reifpbility models fochnipae and

sed t0 the fachors thal alfeod systom

ovstions, Diata shondd thersfore refioct amw 1 pie

retinbilfity and ts available fo bo mondehud and analyred. This means should relnte o

EE

angd rostoration provess

sysions behavior provess involve

The gualily of data and evaluasted fudiees deponds on been iporian factors,

af the data and thus e contidence that can be

F¥ar
YN 43
25 SERed

confidense and rofevanse, The quali

placed in s clearly depombond on the accuracy aud completeness of the information

commpiiosd by oporalion amb mainlonanoe porsones 11 s obvious that they shoubd b

nprianog 4

sdde fully awae of the future e to whic fs thee data wilh byt and the

will rontribute in ater dovelopment of the systan, P41




CHAPTER THREE
METHODOLOGY

A distritution ciroait normally wies primey or main feeders and laterat

digtpitnnors, which deseribe i cmBgnration,
Phe i fnedors /*;gﬁ wnde 3t e sudstation apd SRR s’mw% g zz"::st_ioi' Jvned

Hon crmaeets atividual lomd pomts o the mais foaders vis distribastion

Fist

aney

[Ex it o

msformera, A main Teador 15 construntad using stnghe paraliel or mesh oiroult, Many

/

Jintribatinn systems nsed in practics have g single on it main fooder and ne defined a3

racdial disiribution systems,

sem configuration i commonty wsed in Wigeria dug 1o its shapls

sath oA,

These systems have g set of series component capsing ou

p ctensivi projecting and se tonadizing schome reducs the oulage

dhration and nuniber of customers atfected shie o componont fattnge, The sectionalizing

{

squipined provides a comvenionl means of i sm;z oy the fanily section, The sagppsby cn

wed fo the healthy scotion, malniaining the servine 1o some ioad points

then be re
o

whsile the faulty component i belug repaired. The failure thae 1o repair Gee b reforred

crpative path to supply i

ier s restoration tne, in some :@};:’;ixzm,f serg 1§ provision for alis
case of fxilure,

e eleaent or oguipment iz usually prov jded on the radial systom of
istrilmition, thorefore faulla on radiad systom oy Gstribution ransfonmy are normatly
cloared by this eguipment and howovar, sery s on the main freder anis (o slowr the

Faule, The Gy latorsd dislribndion iy then saclatesd and supply i restored fo the rest of

the sysmm by sdosing the ehrout freaker, The relishifity anslysms musl therefors inslude

cations of the fuse, A direct analytisel

the probabitity associated with the seoonss :




approach wlitizing the avatlal e g moment data will b employed i these ana byses o
Sistribation nebwork congemied,
31 WERA (FHON) MIMNA PHETRICT, MINMA

This disiried s the distribution contrs Ty NEPA ¢ P \*; Binra, W Bbich

cotaprise the fetlonving duparim m

s Oypeation sed matelopnue dupartmand { (M}
S Planning sud consinution deparinend { PRy

So Prpsection, Contred and Molering deparimod { PUAM)

THE QPERATION AND M AIMTENANCE DEPARTMENT (O&MY

operation i the distr tution nopwork, which
icludes monitoring of peteork fregueny, daily fault repat, daily power mipply

PR .,_,,,.,»,,,,.’,,__,":,.,\ T S S R I R AR E L k' 1 <
) 4o conspniey and KEopng of alt products involving daily fanalh, oustago

frpostty b
e, rectifieation mnd restoraiin shevar swhsioh mre slored i pecossary By Baooks

Thebr funciion alen chudes sifective pommusiontion with alt the enpiners of
porsomnel i the site for keephnyg them mfored o §the pragent sHustion peedad at giie

e

Thay also carry ;t mainsepance throughot all substations which oo sspotnd to

SRS

sreplanmed Malenance

PLANMING %“’%ﬁ%% ONSTRUCTION BEPARTME WY P&RUY

The departsent s By chargs of developing new site or whers exien sinn ahis o be
ke 1o retiows the enisting ones, they carrind ol planmiog. sopveyving, sk oo U
with guality of material fo be employed,

Sanetion which i3 the operosc &t this depmrimont atior p darmiing and SUrvey,

whiely contined the guantitios of ssterial o be neaded for the project that witl abso

indicate the pyverall syterial cost?

]
P




Saaction parametor molodes information on the protection of new siies

stationary equipment ke framsformer, or profection information on the eaisting siie o

swithstangd the

krerw whether to provide more oy the forecnst foad stud

geisting profection. Al these bave to by shown in sauctiuon al fongr side with one Hine or

sehematic dingron drawe and roforse by these department 4]
PROTECTION, CONTROL AND METERING DEPARTMENT
{(PO&MY

This 15 the wost nporiant departinent in lorms of protection sguipment invabved
At distyibotion fevel o faet, this deparinmst B3 the backbore of the district functinns, It
copsiats of power epgipect, wohnodogia! gnd torluooiang workiuy asoa toam o maintain

stabibity, relisbifivy and provide prodection o 3l the eguipment in distribution syster

Bie insubalion fog, conlinuily fesl, excintion fost o te. v ERVAETSY disribulion

¥

vebays to comrespond 1o the rerpbrad supply voltaps it

srmanformer sl cabibeation o
seoordance with thw clrout breabors, In addition, protection also made for cach feeder

3
139

B it over fiead or undergromml throtgh necessary smpere of fuses to aveld what s

catherd “ovston collnpes”
32 AVAILABLE PROTECTHN

The capital invesied v a power systom for e gonerating, tramsmission and
dintribasrion of electrion] power {s 3o groal tha gm; < atieninn musd by takon o ensure

shast thie eqguipmont nol andy operates as expected but afen protecis? from accidents,

reductinn

Mgt edevtvical Raolts ave charsciorized by morense in o
iy voitage, power factor swnd Sequeney. The protection available for the system from
sub-stotion to individual end pois is Teador protective relays in conpmction with

cirouit breaker and ansfnreer profection. An tdend profective relays should have the

fotiowing charactoristio

Fy e

2

FA




B Helinbility
The relay should be refable and must opurate when # s required, Tnberent
,

rediability is a nudter o design based on losg exprsionce. This can be achioved by bigh

contral prosaure, dust free enclosure, good conlact nuderia! and careful mainianance.

A relay shonbd be wide or possible select which part of the syslem i fanity

arsd which is not and taslate the faulty one Hom bealiby one. Bodectivily can be aclijoved

0 b ways antt systom of pretection and son-unil systom of profection.
HE Spoed

A protective relay must opurale af rogeired sped. 1t should aelther be ton slow
which may resull tn damage to the cquipment, nor should 8 be oo fost which may result
sidesied oporation during transiont faulis
I%) Nensitivity

A rfay should > sufficiontly sensiiive so that # operates reliably when maguired
ander the acteal condiling iy the gy '\i{’ w which prodoces the ras todony By
‘,gg“"r (,,:. Y.

Fuses s fighlsing srvestior ane the malor external profection for distribotion
wotoeorh, e sre other pretection of tamsformer which are internal, the protection
against heat, off tempersiure, Insulation reakdown of oif and short Clroolt within the
windings. Some ansformer 5 use protective veday to profect o wiipment o, profection
against high tomperaiure,

”

33 SVETEM ANALYSIS FOU POWER DINY §%§§§‘§ TIOM

Detors nemerieat redbdsiily i be carried out, 8 35 appropriate 1o have o bricd

discusainn on favtors gowratly that affect power sysiom reliability atdlistrbmbion kevels

Y

Pt




i Nigorta There are many faniors thoet affect the rlinhility of power such as losd fow,

3¢

.

poveer factor, and vollage regelation et

34 MNETWOREK ANALYSIS

As mentined carlior, MEPA (PHOMNY MINMA DISTRETT was used az a case

7/

study i which the anadysis was based on PARLIAMEMIRY FEE

suppdics slectrio power t pasblic butldings ke HOUSIMO ARD EMVIRONMENT,
PATI ADUBAKAR COLLEGE, BARKIN SALE (1&2), KPAKUMOU, TAGWAY
BAKERY, 5.0BUOYE ESTATYE, FEDERAL SECRETARIAT, v.oo thoough s TIKY
faterat Fordurs, ¥ also condains a Ring Moin Unit (KU for sectioning in case of any
faull to be corvected slony the feeder,

Yhe failure rate end repalr thne of components, the system restoration Bmes and
the probabifities associafed with fuse operstion and the availabhilily of the alipmative
suppty wre normally the g parametors for the reliabilily analvses of g disiribution
systomn, The porametors arg delormined on the date collpoted from O and M doparinent,

Sinew the area of study s the whsbility or systorn porformmner al ousionn’s
ead, then the basio indices to be constdored are; bomd poind Bithure rale, nvorape osdage
duratinn and snnoal pnaviolabiiity, Load point Tntfore can be cansed by cable fatlur,

>

trapaformer fathire which {s modd time clearad by fose due to short oiroui, Th disgram

1% 5s shown helow;
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CALCULATIONS
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Fig 3.2: Showing s sectionalized prireary mabs feeder {Parliamentary fender) [4]

R A

This i3 the feeder that serves the sobsiation Hsell, and some residential bulidings
zzs.’mtm:_’s,}i sovers about JKA mml bas sbout five Itimrzi wton barsformer. The input
pavametzes By the feeder anc
Average {athire rate of foeder {Lat) = 0.7 faults por chioult Km
Average Bepar thme (Laty = 1.3 hows
Average time By sectionalizing = § Shoues

sverage fandt rate for primary Beder = 0.1 Toulls per cirowit B0

Average Bopals time for privary fooder = Showrs

ot

Asanuead fault rade for foeder Ao

Aa = Ayt Ayt Ayt Ayt Ag+ Ag + Any

A
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FEEDBER B

This feeder supplies FATLAD SUBAKAR DOLE. And some residential
bsitdings, fuving abowt 28 dintribativns transformey amd COVOTE about 15K M Rbasthe
fndlowing inpntd PRIAIMCIOER
Awvrage Tandt eate of fnodueen {1 »at} 3 fnoitfoirauit KA

Ssuorage g wady phme (hatl 7 - 1% hours
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Average ms for sectionaticing = 1.5 hoots

Aversge faull rate for primary fooder = 0.1 faubliotronit KM

RS,

Average repalr time for primary fouder = Shours
Annnal fanlt e for feeder B
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Pis Teoder suppliss SODUOYEE STATE and seostly residential haildings, His
b 2.5k fong having aboal 14 tpanciopmers, Tl CONORM nding inpol parsmehirs 80

shiemwesd banbonw
sty = 0.7 faultfs drou B
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Avesnge fault rate for foesber { Lat
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Average e for sestiopatizing = | Shours

38




Average fault rate foo primary foodor = 001 Sadtfchautt by
Average Repatr time foy ptmary foeder = Shours
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Avizat faalt vade for feeder O
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and having showd 20 transformers, The corresponding Inpul parameters are showed

bdow:
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shmost sbout 4w and having shout 12 distribtion bamsformers. The inpul parameions
ave showed below:
Average fault rate for fixaviezfgiaiw{ 1 2feltfolnull ke
Averane Repalr tme {Laty = L5howrs
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are showiad below:

Avernge Tault rate for feeder (Laty = 0.2 malbohmuit km
Average Repair thioe (Laty = 1 Shours

Average Hme for sectionalizing = 1 5hours

Avwerage Tanlt rate for primary fosder = 0.1 faultfotroult b

Averape Repair thoo for primary fouder = Shours

Anmnsad Gl sge for foasder 1

Aphy+ byt Ay b Ay b Ag b Mg+ Ay
= {8 Dy {0 IRkm) {0 B hmy H{0

{3 2ndkmg

b
ke

The fopmt parehipiorns

w2bomy {0 L Pl H{0. D2l




= 14

Avegage Bopalr e Ry

3 : ik ) i to%
A’::;}f }‘Z;;‘? k2 }‘l}g’;f + ﬁég}f + --}("f;;}:i’?~ }’\{«g,g‘ }ngig,’;;

Ay

= RN LIRS S0 ARSI Dy (0 Ex ) 1 (1S + (0250

R4

= 15250y

Unavailabifity = By

Availghifdy = § U

43 = GG

Fhe valonlation continnes ap to Foatininna, Matkunbele sand Beji Featers,




CHAPTER FOUR
PHSCUSSION OF RESULY
The tabde below Qable 4.1 shows the sesulls o¥ analvels got frown pravioos

A

chapter, in which the main couse of power putage was faull along the feeder, The outpnd
o determining ohivotives from the saalbyvais are basio seliabllity distribution, which
dncludes Avmual total fallure rate, Annual fotal restoration time, Ansusl nnavailability

awt Annual availability

Tabde 4.1 BUMMARY OF BELIABILITY INDICES FORCTHE FEEDERS 14

i Fovders RN R
btices A i { i B 2
Agpnead faul

e L3 1.9 £7 14 2 1.6

'ff attiorsy

Vo A R R
Repair thne §.413 121 {44 R 183 LVES
{hegy

CUnavatlabiliny | 3

GOOGLIR | G0003% | 000016 | 000018 | 0uRIT | 0.000243

Avasiability

499 | $.9% {1.5% 06.9% (.49 .99

3t can be deduced front the table that the load peint fathre rale are depondent

wpons by the cospprnent exposed o fatlurg and even degree of shor oot of any form,

<
el
B




gt the feeder, which may be a3 a vosult of vonstroction st plovdng stage or degres of
manual sedation of {kiled coynmnent In the notwork,

Fatbure rate at foeders VB ix véry high while at feeder A B almost the saime,
Homight he due o ove zinzz»%;:; of iransformer maindy cansed by dones popalation and
is # fupelion of power consumiption.

Fault may sl be duc fo Tase blown off, broken pole, cross anm broben, pofe fefl

atong the metwork, ing ‘;i“ti;m dish shativred, wire cul, Aluminum pable dropping along
the sotwork s.be,

Muanwhile, # will be observed tha feedsr “FY has the highest restoration e
which the wavailability depeads, tis way be dus o managoerial problons or back of

materis! and mostly beronporatic favtor

36




CHAPTER FIVE
CONCLUSION

The behavior of alf engincering sysiem is essentially stochastic in nature tha

=
ey
R

is
it varies randomiby with lnwe,

Consequnly, 4 s necesamry o use musfel and madytical teohmigue thet refloct
g stochustic behavioy in order o objectively svaluate Rsture predictions. To achicve
thix, # reguires the wse of probabilinic assessment 1o comstrady the problem inlo s
dutermindstic domain is wmealistic and provend the effoct of sl sysiom poamster to be

gusniistively predicied.

¢-.
p2=N
-

But present day stady supgests that the casy systerns condition whish
cuours very infrequenily shouid nof be ulifized as staddy or orilevia carvied oof any
roiiability snalvals because of poonmnic restrictions,

An elechiv power sysiom s a pomphey inforooanentnd setwork of onmponents,
sversl systam rebinbifity i dependent upon the desipn, relizhility of the individus!
connpnent snd sysiom in comjunction with aveilability or soplacomend of feelied
componenis, The relatiorahip between cost and inslability in cist, Tost revenue, fost
enurgy produciion and other factors,

The analytical tecluigue proserded or atifized I this project §s in fact,
decamposition algorithn for syatess relinbilily extimation of eluclric power systom with
shn of solving complexity In analysis of system reliability.

The availabde protoction systom sl wetsvnrk sonfiguration i ooy 3gmzvmﬁ with

statistical data on the Bhalilwnd ol ducarrence o estinude the overadl religbitity of

slestric prowar supply to any conswmer. This gives result to extimation of an enpected




sundher of bowrs dost for oac § CONBRTICY DRI B and will fe s il o ongliest i

designing now nepwork or eprving e pxisiing obes.

5.1 RECOMMEND ATTEOM

5.1.1 IMIPROY My COMPON FNT ,R'E'iliz_‘i.z’%i?s?iﬁ”&’
9.'
Retinbitity ongineer 418 YIFY esfien catle o s B0 ke docision as o whether o
snprove coriain COMPONS ot in order 1o achisve al i regquired sysiom v Yighsility

3

This minipm seppuived gyston petinbitiny i f

g spociiby e
Tl are e approwches 10 fnprove the relt seility by wsing high quelity ani
high reliable compons ats sl usnally s prpensive i fanlt tolermnce.

P

tefore deciding @ wehpdbor 0 BRPIOYL the relinbitity of 8 ayston by fauit iotoranes
or aviidanos, a reliability assz sement of nach somponent iy the system should be sade.

Pimce the reliabiiity value of component zan e puadified, fiyen analysis oan be
performed i aeddos 1o determbur 1 hat system’s relia fiiity cannot bo o clifoye at the
spoctfio thne, steps 88 he taken fo determiine the besl Way o mprovs the relisbiiity of

the sysient 10 soach the derive gargol.
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