The procoss of enumeration requires that every
permutation 15 investigated, This Is dane by Initially setting
the junstion in every junction group to & position that is
understood as wnset, This means that the Junetion has not
been allocated to ane of its possible positlons. The root
Junction of the subspetwork is then ser to its cheapest
position, All of the subsnenworks for which its children are
the root Junctions ere then enumerated. The root Junction is
then set to Its next cheapest posltion,

Inspeetion of certain subscombinarions may reveal the fact
that the investigation of all permutations having such o sub-
comblnation should not be made due to problem specifio
implications that such o sub-comtbinatlon has, A sube
combination refers to the portion of the network, In which tf »
Junctlon's posittons have been se Thus all permutations
Taving this snb-combination are implicitly enumerated, These
tnspocilons are made nccording to the criterln for implicit
enumeration that have bacn chosens for the specific problem,
Tplicit enumeration for this problem Is achieved in the
followlng ways:

¢  CRITERIA 1 : )fthe cost of all Junetion groups heving
junction positlans whleh are set i3 greater than the cost of an
cutire solutien that has elrcady been found, then no
fmprovement on this best s elution can be found, Therefore all
perntutations which have the junction position settings of the
Junctions whose positions are sct (of the sub-combination),
are implicitly enumerated, The cost of all junctions that are
not sof must be sohsidered in the compartson by adding thely
individual costs associated with their cheapest positlons to the
totat cost of the junctions whose positions have been sur,

s CRITERIA 2« If u particular junetion position seting
of o sub-combination leads to o violation of the maximum
volt drop constraint, then all pormunations, heving this
Jjunction position setting will also ead t0 a vielation and
therefore ure implieit’y enumerated. When the oceurrenee of
o vioiation of the maximum volt drop constraint s
inveatfgated, all funetion’s whose positions are not set should
bo placed at the kecations that lead 1o lowest maximum
consumer volt drop. ' '

When a permtatation Is explicitly enumerated, thex iis total
cosi and its maximum consumer volt drop are culewlated, A
sofutlon wilf eventually bo found, atherwise e pre-checking
stage would hove detected that a solution Is impessible,

V. CASE STUDY

A case study is presented showing 1he application of AJPO
fo an exlsiing network of & neighbourhood in the

Johannesburg aren. A representntlon of e orea and its

ariginal netvork are shown it figure 3. The network is &

completely underground system, having two transformers
und therefore two distributor subenetworks, These two
networks. are considered separately. The altetnative
locations that have beey seleated for each junction are
shown In figure 3 by an X, An arrows poinis from a
Junction to one of its alternative locations Cable segment
routes and lengths corresponding to each junction location
were caloulated and provided to AIPO as input
information.

Flgure 4 shows the network configurations found by

_AJPD, The distribufor sube-network on the Jeft has an

ofginal cost of R24482 ond the optimised network's cost
1s R22786 thus resultlng In a saving of 7 %, The time in
which the optimisation was performed was Jess than ona
second, The disiributor sub-network on the right has un
eriginal cost of R25449 and the optimised cost Is R24738
thus resuiting in a saving of 3%. '

Tha design settings that were used, include on ADMD
of 5kW, & breaker current of 30 Amps, the use of 16 nun*
and 185 mm?® cables, and a nominal voltage of 230 volts
with 1 maximum aliowed devintion of 6% (therefore the

"maximum consumer volt drop allowed is 13,8 volis), For

the purpases of simpliclty, non-standard loads were not

used and the costs of lasses were not considered, olthough

g:e soflware tool Is capable of handling both of these
CLOLS, '

VI, CONCLUSIONS

_ A tool that performs an optimisation or the desian of
radial LV distribytlon networks liay beent presented. It
operates oh the network's lopology, by changing the
positions of junctions in the network. The poal of the
optimisation 1s ta minimfse the assoclated network gost,
while obeying the maximum volt drop constraint. The
netwerk cost i8 the sum of the cost of cables and the cost
of power [osses in cables, but it can be easily modified 10
consider other costs, without changing the algorithm,

There have been pravious investigations inte the
development of techniques that optimise LV networks by
searching for opthmnl eable type conflgurations. The tool
presented In this paper uses a different approach, to
address the situation I which the designer’s choiee of
snble types {s not variablo or only sifghtly vatiable.

Tha 100l has been applied to existing network desipns
and achieved a 79 saving In tho cost of cables for o
specifie case study. If the criterln for sultabliity of
applieatlon 1o a partieular type of system is thin eose with
which alternative Junction locotions eng be found, then it
i8 deduced that the tou! s most suitable for applienticn 1o
dlswibutien systems In which both service and distriburor
cuble sepments are underground (completely underground
Systems), :



such that a cost function Is either maximised or minlmised,
‘The varlables can cither be continuous or integral and the
problem i3 usually subject to A set of constralnts that, in
commion with the cost functlon, can be formulated in tetms of
these varfables, :

The Branch and Bound Algorithm entails enumerating the
complete set of permutations on all possible values for te
integral varinbles, while performing o standard linear
programming optimisation on the comtinuous vartables for
each permutation, To “enumerate @ parmutation” means 10
svaluats the implications that the permutation has on the cost
funetion and the set of consteaints, To “explicitly enumerate
permulation” entalls evaluation of the cost function and
constraints associated with that permutation. To “fmplicitly
gmunerate u permutation” entulls inspection of certain critetla
that teveal that it is not necessary to explicitly enumerate the
configuration due to the implications of these eriterfa, If a
large majority of the permutations are Implicitly enumerated
by showing that they cabnot yleld on improved solutiont over
the prosently known best sojution, then they would not hiave
to be expliclity enumeruted, thus reducing the total processing
time,

The hierarchy of parmwations for the integral variables
could be represwited by a tree steueture, fu which cach braneh
of the tres corresponds o a partleular value for a particular
varlable, Each node In the iree represents o possible
permutation, When n group of permutations {3 fmplicitly
enumerated, the bratchas of the tee cotresponding 1o these
permutations are removed fom the tree (uraned) tn an
aperatfon that is called a bownd, Therafore all nodes fn th
branch ace removed fom the search. In ihe problem of
Junetion position optimisatian, sach junction Is represented by
an integral varlable, whose possible values correspond fa
each position. The eriterin for implielt enumeration, whiel
must be chosen according to the problem m hand, are
diseussed Inser,

The process used in AJPO s made up of three parts,
namely presprocessing, preschecking and searchlng,

Prasprocessing entails preparation of data that 1y requived
by the sepreh, This 13 done by performing ealenlations using
the input data that AIPQ recelves from the user. Values of
cost, curent and volt Jrop nssoeioted with cach cable
_segrent are ealevlated,

The cost of each junetion group eorresponding to cach of
fts possible junction positions 18 coleulated, by summing the
assoeclated IDCS, ONC'S and SCS cable sepnient costs,

The value of current In ench coblo sepment Is ealeutated
with consideration for all conneeted congumers ond divecgity
of thelr Tonds, A cheek Is made to determino if the value of
current I any of the cable segments exeeeds the cable type's

maximum rated valoe, {n whicl gase this is made itnown
to the user,

Voit drops me caloulated in ench cable segment using
the values for current and with compensation for possible’
unbalance between phases fn 3 phase cable segments.
Unbalance between phases oceurs when the loads on eath
of the phases are rot all equal,

Bach junction group has certaln sigaificant voit drops
associated with ench position, These include: the volt drop
of ench ODCS ndded to the volt drop in the IDCS, and the
volt drop In the 1DCS added 1o the largest SCS volt drop.
Apnrt frony testing the satlsfuction of the maxlmum volt
drop constraint, these volt drop values are alse used lo
chable AJPQ fo incrementally change o jubetion®s pasition
In an order that vesulis in an feremental Inerease In
mniniun cornsumer volt drop. - :

The next tusk of this stage is to nacertatn which junction
positions are redundant. A redundant position is one that
has an associnted cost that is greater than another
pasltion's assoctated cost, while simullaneously having an
oqual or larger maximum consumer volt drop, Only the
reinaining positions are conslderad by AIPO, ond
therefore the incremental change in o junction’s position
fhot resulis in an Incremental Inoresse I maximum
consumer volt drop, will nlso result i an ineremental
decreaso In cost,

P're-checking involves two simple tests that eould result
in finding a solution without the need 1o perform 4 search,
Thie {ivst test eutolls placing ofl junctions in their cheapost
positions, ond checking the maximum voit drop constratnt,
I1f no viclatton ocours, then this configuration is the
cheapest feasibla solution, The other test entails placing all
Junetlons In their positions that result in lowest maximum
eonsumer volt draps, If this configuration catises o
max{mum volt deop constraint violation, then there will he
one under all configurations. Therefors, i an attempt 10
find a solution was made, 1t would not be found,

The search Is based on an aduptation of thie branch and
bound search method. It emi~ily searching for the
o tion of junction pesitle & (permutation), thet
I in minimum total network cost and satisfiey the
musirunt volt drop canstraing, Bach combination must be
investigated to Ond the solution, cither by implicit or
explicit enumeration, 1t wa mentioned aarlier that the ropt
of a diswibulor sub=network s the cable sepment at the
supply stdo of the radlal network, The Junction o the load
slda of this cable segment Is termed tle roer Sunetion (RJ)
of that sub-network, Bagh of the junctlon groups that ars
divectly connceted to a RJ via its ODRCSs (the children of
this RJ) are the R)'s of thelr own syb-network. A junction
group’s 1DCS 2 conneeted to on ODCS of its paren’s
Junetfon group,
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The geopraphic positions of junetions whbin junciion
groups Infivence tho routes and therefore fengthe of cabin
segments withie a network, The lengths of eabls segments
determing the network cost and dictate the posgibility of 9
violotlari of the maximum volt drop consteaint. This is
becanse the cost and volt drop ossoclated with & eable

segment ave bath directly proportional to its fenpth,

It the posiion of o particutar junetion i3 chanped by
maoving it to another lacption, then the routes of all of i3
~gnnected coble sepments would have (o be adjusied
aceording to the chripg, Therefore the network's cost and
maximun consumer volt drop would change. The network's
cost Is the valug of the cost funetion calculated lor he
netwotk i fts cutrent configuration. OF the wo network
configurations thot sorrespond to each junction fozation, the
conflouration with the lower network cost would be
‘preferable, Howaver, if It causes o violatlon of the maximum
volt drop constralnt, then the more expeasive network design

would have ta be chosen,

Cousider the shwation It which o set of alfernative
Toeations is speoified for encly Junction., If there are o

Junctions and each junctlon hias 2, possible positions (for
12 J 5 a), then the neiwork ¢ lave 2, different posatble

conflpurations, where:
il

pe=lLap; 0

Thase different possitle configurations each represent one
permutation, For each permutation there s an assnelated
network cost and maximunt consumer volt drop. OF all the
permatatfons, the confipuration with the Jowest assoctated
cost which does not eauss o vielotion of the maximum voit

drop congtratnt should be chosen,

AJPO hus been developed to find this permutation.
Therefore s puspose is 10 find the optimal positions of a
finfts number of junctfons, vach having a finlte number of
possibie Torationg, The problem {g subject to the maximum
volt drop constraint and the opilmal solution lies at a
configuration where the cost functfon s o minimum. AFPO
Is supplied with the necessory input information, which
includes:

+ The lengths of all cable segments {n all junction groups
corresponding to afl passiisle junetion positions.

o Coble type information for cnch coble s2gment.

« Information required to calenlate the values of qurrent
and volt drop correspending 1o cable sepments,

o The value of the largest allowed maximum consumer -
volt drop for adlierence to the makimum volt deap
constrmt,

The mechonism that eompiles the set of altemative
locations for cnch junetloti is independent of AIPC, It s
tha user's responsibllity to find these positions, They could
be specified Interactively or found by the suitable

. appilention of artiflelal intetligens . such s an expert

system. They could also possibly be extracted form &
Geographie Information System, If AIPG wag integrated
inte such n system, The cholee of Junetion positions -
should consider pragmatie Issues, ond therefore they are
often resticted 10 certaln specific locatlons, The
mechanism that caleutates the lengthe of coble segments Is
also Independent of AJPO. Cable routes could alse be
spu;.'incd interactively or found by an automatie routlng
tool,

The problem Is snologous to one oddressed by
Nieolson{s] In which eable 1ypo selection software wus
developed. This software finds cable types for ali cablo
sepments in o distributor sub-network, such that the
solution hog o minimum nssoclated cost and does not
violte the maximum volt drop corstralitt. In the prabletn
of finding optimol junetion positions, the difference fg that
instead ol searching for cable types for ench cable sepinent
aut of a finite set of avnilable cable types, the seareh is for
Junction positions for cachi junction out of n finite set of
available locations, The geul of (nding a conffguration
having a minimum network cost and the adherence to the
masimum volt drop eonstealie are cotmion to both
problems. An adapiation of the Branch and Bound method
wag chosen for cable typs selectlon[8), becnuss of its
property of belng able lo guarantee an optimal solution
within Its allotted search spuce,

The Bravch snd Bound Afgorithm I8 a technique used
for solving mived inteper programming (MIP) problems
{12]. A mixed integer program I & mathematieal model iy
which the Intention i3 to find valuey for o set of variables



The goal of the aptimization iz to find o value for X that
results i a minimum or maximum value of €', Lo, to find %
such that (for minimue: '

Camin /(%) @)

In the problem of electricnl distribution design, the variable
that s 1o be optimised is the overall cost of the network, for
whieh a mintoun value s to be found. The cost of a network
is made up of varlous somponents, meluding:

« The cost of designiug the network Is typically
proportional 1o the mmount of time that « desipacr Is required
ta spand on developing the desfgn, The use of CAD 100ls
should reduce this thme considerably and theretore Inberently
reduce the cost of dasigning the network, The processing
requirements of a pavticular CAD tool should be minhnised
s that the required time for its use Is minkmised,

+ 'Tho cost of network clentents, i the sum of the costs
of transfomiers, cable segmems and junctlons and ather
notwork elements,

s The cost of instnilatlon of elementy

s Tho egst of malntenance to the wetwork

o The cost of losses azsoeiated with using the LY

network, is made up of the cest of Josses in the LV system
compenents, such ag the cost of power losses withln cabls
sepments over the system’s period of use. The cost of losses
In a padicular eable sepmont 18 proportional to the power
disstpated fit that cable sepment, whieh 13 proportional to the
saquore of the averaps current. The proporiiomiity factor
depends on the lead foctor, the cost of electrichty and the time
aver which the system is to b used, : :

» ‘Thecosts of Interruptions and fadlure to provide the
required goality of supply, are not considered In the
colenlations because they are very hord o quontify. The
required qualfty of supply is desht with by applying the
maximum volt drop sonstraint as g deslgn constraint,

The total cast i the sum of ull the above mentioned fctars,
However, due to on inability to scvurately quaniify some of
the factors, they bave not been included for flrther
congideration, The fctors iat are omifted include: the cost of

desianing the netwerk; the cost of installation of clements; -

the cost of maintenance to the netwotk; ond the costs of
interraptions and fatlure te provide the required guakity of
supply. The cost of network elsments Is only made up of the
cost of cable sepmemy, Liceause AJPQ doex not change the
number and type of junetions and yransfermers.

Therefore, tlie cost function that Is to be minimised is tie
sum of the cosis of all the gable sepments used In the network
al tho sum of the life-time costs. If there are ¢ cuble
sepments in ¢ pantewlar network, then fis associoted cost e

C“Zj.t"’: 'qz:JZJ+KJ*(!J)z {3)

where:
L, 18 tho length of cable segment /

epul 1 16 the cost per unit Jength of cable segment g
1, is the uverape eurrent flowing in cable segment
K, 1s the proportionality factor for losses in cable

sepment J :

The optimisation clgorithm s sublect to the maxivnm
volt drop constraint, which stipulates that the voltage drop
between thie tranaformer and all consumets in the network
must not exceed a cerlaln amount. This wicans that the
netwotk's nta%inum consumer volt drop must not exceed
this nmoint,

- IV. DESCRIPTION OF ALGORITRM THAT FINDS

OPTIMAL JUNCTION POSITIONS

‘This seetfon provides a description of AJPO. AJPO -
operates on b single diseributor subnetwork (llustrated in
{igure 1), The network Is decomposeda into o set of entities
catled function groups, each corresponding to one of the
Jumetions I the network, A junction group includes ali
consnniers thot nre dirextly connected to that junction;
thelr comesponding service coble sepments; a portion of
the disteibutor cable segmant thot supplics the junetion;
and portiong of the distributor gable sepments that are
supplied by thiz Junetion. This concept is lllstrated in
fipwre 2,

Each Junction is connected to the load side of a sinple
distributor cable sepment, A portion of this cable segment
Is referred to a3 the Junctlon's Inpwr disteibuior cubly
segment (1DCS). Bach juncdon {5 normally direotly
caitnected to o number of consumers by the Junction's
survive cuble scgmonts 1SC5). Bach junetion 13 conneeted
o the supply slde of rero or more distriwtor eable
seamonts that conneet 10 other junctions. Portions of these
cable sepments are cnlled oumt distmibutor cable
segnients (QDCS), Junetlons et have more than one
QRICS ore catled mmltiple output junctions. Junetions with
only vee ORCS ore called singlo owput junctions, ad
Junetlons with none nre ¢nlled rerminaring frnctions (14).

The combination of an ODCS and un IDCS collectively
make 1 a distributor cable sepment. They connect ot a
fixed lecation. An example of how one Junction's QDCS
18 conneeied to another funation's INCS at a fxed focation
Is shown in figure 2 by the cablo sepments polited to by
the labels in the top lef comer of the flgure, In reality this
confiection Is only one cable sepment, but for the purposes
uf this model they will be consldered us scparte eable
segments,
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positions of LV Junctions have ait thie cost of o distribution
network, by searching for a configumtion of junction
positions that resultz in o minimum associned network cost,
Tho too! is ealled Automated Junctien Position Optimisation
(AIRQ). The maximum volt drop and maximmm eurrent
constraknts are eonsiderad, The search nlgorithm that is used
by AIPO i an adaptation of the branch and bound technique.

The development of thiz tool I3 patt of o larger ongolng
research effort thot {s being carrfed out at the University of
the Witwaterstand{10), This rescarch has focused on the
development of software tools that are Intended to automate
and facllitate varlous nspects of the eletirienl distribution
network design process.

1. BACKGROUND TO DISTRIBUTION DESIGN

To appreciate the fumctionality of o tool that aids M the
distribution desipn process, it {3 necessary to understand the
typleal structure of § distribution network and the pracess of
designing a distribution network,

In an eleetricol distribution network tere are wormally a
Torge number of consumers that are sonnected 19 o souree of
clegtricity by o podticular hierarchy of fheilitfes, The
hiprarehy includes a medium voltaps (MV) portion and an

LV portien. The eonnection between these two portiong -

oceurs at an MWLV wansfonrner, Figure 1 Rlustrates the LY
portion, whiclt usually has the siructura of'n radial network,

In o radfal LV netwark there is normally a frengformer that
ig directly connected to a nuntber of Junctions by distribwtor
cuble scgments, Current flews from the trungformer 1o these
Junctions, thereforo the teansformer end of the distritwtor
sable sepmang fg at thy supply slde and the other end 15 the
loud side, Each Junction s connccled fo the supply side of
2ero or more distributor sable sepments, which are conneeted
1o other junetions on thelr Jond sides, Service cable segments
are connected beiweon Junctions or fransformers {ut the
supply side) ond consimers {at the Toad side), The newwork is
purely radial and therefore there are no intercommected Hinks
botween elomants. The cwront flgwing dwough o cably
sepment fin die network causes a volt drap 10 aceur across the
enble sepment. Therefore tho volioge Jovel 3 lower ol 5
contsumer than at a iransforier, by an amount thot 13 the sum
of the volt drops aerosy the fudividual cable sepments slong
the route between the iransformer and the consumer, Tha
largest valug for this totnl voit drop amonpst all consumers in
o network 13 called the maxinen consumer volt Jrop.

The term “Wistribitor sub-netvork' 13 used to refer to o
portion of a radkd network. The reof of a distributor sub.
netwerk §5 o particnlar distributor eablo sepment, The
cerresponding distributor subenetwork 13 made up of that

cuble sopment ns well as all junctions, cable segments and
consumers that make up the network that rmd'ates from the
root {fram the supply to the load), For example, the iwo
distributor cablé sepments that ore connected 1o the
ronsformer In fipure 1 are he roots of the two
corfesponding distefbutor sub-networks. Any distributor
cable segment in the network is the route of its distributer
sub-network,

When a network I3 required for o particular aven, the
dasigher's first step Is usually 1o obtaln or create a map of
that area, An adequately detalled map will show the
locations of consumers ns well as the locations of
surrounding sources of electriclty. The designer*s task is to
degiph an electrical disteibutton network that conneets all
the consumers 1o & soures of electricity, It {s usunlly the
designers goal to find a network cobfiguration that hos a
minimam o slsted cost whils still satisfylng the
applicablo eonstraints and requirements. The process of
ereatlng the network deslym I3 influenced by » mixture of
poveming fectors, Including: network reguirements;
budget; available design tools: and the teckmigue which
{lie designer 1s accustomed to. _

.~ Roots of distikutor
Q_“ subsnetworks
O Xherrn®

é rreenn Service Cable

e Distributor Cable
Q : O X Junction
C‘" o 0_ Consumer

@ Transformer

_ ﬁg. To Nefwork eiements In A £AQIL LY network

111 BACKGRQUND TO OPTIMISATION

According to Dixoat [11), in any ojtimisation prohjen,
there fa some fmetion which i3 1o be optimlsed, Le, (e
eitity shat is (o obtaln its *least’ or *mreatest® vilue m the
solution of the problem. This function depends on one or
more independent system vorlables and 18 calfed the cast
function C. Thesoe Independent variables, which o be

formed fnto a vector X, define tho space fn whichi the
problem i posed. In the ‘statfe’ problem the cost © i3 o
funetion of ¥, Lo

Ca fiy) {1}



Junction Position Optimisation in Radial Low Voltage Electrical Distribution
' Network Design

. J Apostolellis
University of thie Witwatersrand, Johannesbuyg, South Afcien

Abstragt=The use of eomputersbased tools {n the design of
oeclelent Alstributlon notworke vesulls In the cost cffoctive
praduction and implomentation of deslpns, This Is biecouse they
Ialp aulgmate timo-conseming routlne tasks and caablo the
wptimisnglon of eerisin aspects of a natwork deslgn. A tool that
pesforme an optimisatfon on the LY pertion of a distribution
nedwork Is diseussed, It uses the Influcnce that n network's
wpelogy Mas on Its arsoctuted cost, by applylag n searcl thnt
metifles e fopology to result In 2 minlmum ot The
modifieation of the wetwark's topelogy Is achleved throuph
chauging Junction pasitions to alternative Jocatlons. I¢ operndes
on an ontlre radlsl LY network, and therefore consfders the
equpting between Junctions in the snme netwerk, The seareli
algorithion &% hused on an adaptation of the branch and bound
mathod, Test resully revenled o 7% saving in thy cost of ealiley
for a zoecile enxe study,

1, INTRODUCTION

-~ Alorpe pergentage of houscholds in South Afriea and othey

developlng counirlea are cuvently without slectrielty, Mujor
efforts are belng carried out 1o address the need for improved
ciectrification. One of whe tnsks In binglng electricity o a
community I3 the design of the distribution neiwork that
confiecis conswmers ko 8 source of electriclty, The production
of pood network designs I5 of great imporianes in developing
gountries, This 15 because larpe amounts of woney could be
saved If pood network desions are used for the
Implementation of electrical distribution netwerks, A pood
network desipn i3 one whose ossociated cost of production
and implementation 18 ag low as possible, while all imposed

requirciients and constraints are satisfied, Therefore they ate

ternred *optimal network designe’.

There have been numercus investipations it the use of
computers o aid the process of producing  distelbution
netwark desipns, The Jate 1950% marked the bepimning of
wark i iy Tield, with the publiontion by Grimadale et ol {1}
in which a computer bosed system i5 discussed that
outomatically finds substation loentians ard feeder roules for
the desipn of o distribution network for n housingeestate,

Much has basa published o the modetling of the primary -

{MV) portions of disteibution networks, for the purposes of
optimal design and plan production. A recent publication by
Glamoeanin et al [2] provides a brief diseussion ahout such
previons wark, There linve also been varlous Investigations
into the modelling and implomentation of nutomated
disteibution systems, which perform the task of restoring and

restasturing e nutwork under overloading or foult
conditions. These systems usually operate on non-radisl
MYV distribution networks,

Little has been published about the optimal design of
e secordary (LV) portions of distribution netwotks,
Thers have been wvarious investigotions Into  the
developmant of techniques that optimiise LV network
designs by seqrching Tor optitnat eable type configurations
[3-5], None of these techniques optimise the design by
exploring the effects of changes to the network's
topography. The approuch of minimising eost by opthnal
cabde (ypa selection s of lmited use 1o the sitwation In
which there are a smail number of available cable types
fora desipn.

The development tnd use of & rule-based expert system
for the design of radial secondary disiribuwtlon systens ig
diseussed in (6], A solution I3 Tound vin the application of
the rule-base. In o later pubiisation by the same authors{7],
they stole that an oxpert system approsch has several
advantages  over  algorithmeoriented  optimisation
techmiques, One of these advantapes s that eonventional
eptimisation technlques con be Included os collable
routings that are fnvoked by the expert system., However
no particulae optimisation routines have been mendoned,

Suinfe ot af {8.9] hove developed an tnteftizent Deetsion
Support Systert (IDSS) for Awtomated Electrical Plat
Design  (ARPD).  This system  produces  elegirient
distribution  network designs via the application of
arfifieia) imellinence through which heuristie stratepics
and rules of thumb are automatically applicd. It mentions
that uptimisation routines can still ba used to solve sone
sepments within the desipn proeass, hut there is no
indicatlon that any optimisation routings hove actunlly
bezn invarparated into tha system, '

The summary of published lterature presented above
demonsteates that there is o need for specific CAD-based
1005 iof nre to bo used in the amomation of tie overal)
newwark deslgit process, Work has been published aboyt
tools that optimise 1,V network desipns without ehanging
the network’s topology{3-5). ‘This paper discusses the
developiient of' a tool that performs an aptimisation an
radind LV disteibution networks by changing the network's
topology. It takes odvantage of the influence that the
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‘the Configuration Management Plan (JA 008) provides a specification of
artefact managemsnt and storage. In particular, it explains the artefact
namling system that has been adopted, and points out that all artefacts are
catagorised as one of management products, technlcal products or quality
assurance products. :

The Literature Survey Report (JA 118) discusses the findings of the literature
survay that was conducted as an essential part of this project, The survey
wes focusaed on previously published work In the field of CAL-based
automation and optimisation - tools applied to the design of electrical
distribution networks,

The Algorithm Description (JA 116) provides a detalled description of the
algorithm that Is Implemented in the software tool, which is called Automated
Junction Position Optimisation (AJPQO). It discusses the background fo
distribution design and an Initlal prototype that was developed prior fo the
actual specification of the algorithm that Is used in AJPO,

The High Level Software Design (JA 117) provides a high level view of the
AJPO software, It discussaes the approach to software development that was
applied. i also serves as a repository for information that was produced
during the early slages of software development.

The Software Test Specification (JA 118) epecifies the tast procedures that
werg to be parformed to quantify the accuracy and functionality of the
software. it also provides an evaluation of the software by discussing the
sultability of applying AJPO to various types of distribution neiworks,

The Low Leval Software Design (JA 124) provides detailed descriptions of all
classes in the AJPO software, It does so by documenting all memher
functions and data members for each class.

The Software Test Result Report (JA 125) discusses the resulis of the fests
that are spr ~ifled In the Sofiware Test Spacification (JA 118). It reveals that
the accuracy and functionality of the sofiwarg Is as required, It also shows
that savings of 7% In cable costs ware achieved for a particular case study
with the application of tha AJPO tool.

The Requirements Verification and Validation document {JA 130) provides a
gross reference to all requirements identified in deocuments such as the
Praduct Daseriptlon, Product Functional Spacification, Algorithr Description,
High Leve! Software Design, Software Test Specification and Software Test
Rasult Report. It Hustrates how the functional requirements were transformed
hotween stages in the software development process, from canception to
realisation.
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FOREWORD

The format for this Masters Dissertation conslists of a short body (In the form
of a technical paper) and multiple appendices. It therefore differs from the
standard dissertation format and Js said to be of the ‘Paper Mode!l' format,
The technical paper presents a brief view of the core of the projeet, while the
appendices contain the substance of the work that was performed in this
projet. All documents that are products of this project are named with 'JA' es
a prefix and a specliic number as a suffix,

The project has been conducted in an 18O 9001 accredited sofiware
development environment, called the Software Engiheering Applications
Laboratory (SEAL). it is standard SEAL practive to associate each project
“with a unique hame, and a corrasponding acronym. This project Is called
Networl: Optimisation in Distribution Design (NODD). it deals with the design
of elactical distribetion networks, by investigating the application of
optimisation to network deslgns, This Is achleved through the development of
a CAD-based tool called Automated Junction Position Optimisation (AJPQ),

The paper s titled “Junction Pesition Optimisation In Radial Low Voltage

Elestrical Distribution Network Design”, It discusses how the software tool that
was daveloped In this projest fits into the overall field of CAD-based
distribution deslgn tools, The algorithm that is used by this tool is thoroughly
described and a case study is presented to llustrate how the tool is applied to
a distribution network, It therefore provides a concise view of both the
research and the applicatlon of the software tool that was developed in this
project.

The Conclusions and Racommendations for Future Work (JA 138) provides a
sumimary of tha findings in the project. It also discusses the possibllity of
related work for the fuiure. -

The Project Bibllography (JA 140) provides a list of all published papers and
repurts that were encountered and consequently referenced in the project
dosumantation. _

The gppendices in this dissertatlon, whish are sategorised into one of two
append(x groups, are as follows:

The Master Document List (JA 001) serves as a raglster of all documents

created In the project. it Is & kay document in the project, becauss it facilitates

tracking of all other documents, us well as prevides a view of the entire
project from a documentation perspective. It serves as a centre of control for
the project, by storing Information about the locations and ravisions of all
doctiments,
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ABSTRACT
The use of computer-based tools In the deslgn of electrical distribution
networks results in the cost effective production and implementation of

desligns. This is because they help automate time-cansuming routine {asks
and enable the optimisation of certain aspects of a hetwork deslgn.

The production of a tool that performs an optimisation on the low voltage (LV)
portion of a distributlon network is discussed, It uses the infiuence that a
network’s topology has on its associated cost, by applying a search that
modifies the fopology to result in a minimum cost, The modification of the

network's topclogy is achieved through changing junction positons to -

alternative locations. It operates on an antire radial LY network, and therefore

considers the coupling between junctions In the same network, The user of .

the tool must specify the alternative locations for each Juhction In the network,
as well as information about the network, such as cabie tengths and cable
types. o ' :

The search algorithm Is based on an adaptation of the branch and bound
method, which is a reduced search algorithm. It has bsen chosen ag opposed
to an exhaustive search algorithm to reduce computational requirements.

The tool is most useful for optimising completely underground distribution
systams. Test results revealed a 7% saving in the cost of cables for a specific
case study. '

The softvare has been developed with the application of object-orfented

analysis and design within an 1SO 80CT ancredited sofiware development

environment.
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junction's location In overhead systems is that a junction may be
configured to cause branching in orthogonat directions, thus its original
locatlon has structural Integrity that would be compromlsed if it was
changed in any way.,

The software development process endailed the production of a serles of
documents, e supported the implementation of the software. The
functional requirements that were identified at the beginning of the
process were traced through the various stages to ensure that the final
product meets these requirements, Such a process [s recommended a8
part of the 1SO 9001 Standard for Software Developmant,

The Boech [68] method of object-oriented analysis and design for
software development was applled as an Herative process within the
framework of the software development process mentioned above. This
sliowed for the creativity required to effectively produce successful
software, It can be stated that this micro development process was
applled within the framework of the macro development process, which Is
defined by the production of the serles of documents,

The software was also fully tesied for the required accuracy and
functionality via the production of a test specification and corresponding
teat resulls report, The tests and thelr resulls revealed that such
requirements wera saflsfied.

There are no recommendations for Improving the algorithm that is
discussed In this project, but various related recommendations for the
devalopment of CAD-based tools that ald In distribution deslgn are made.
The AJPO tool would be greatly enhanced if it worked with an aulomated
tool 1hat finds sultable alternative locations for junctions that AJPO would
use, This could be done elther by the appiication of a suitable seargh
algorithm that ssarches In the vicinlty of the Junction of Interest, or by the
application of a knowledge based system lhat applies the findings of the
asserlion of rules that are aimed at searching for suitable alternative
locations, Another enhancement would ba the development of a tool that
wouid act i tandem with AJPQ, by possibly changing a consumer's
conneotion to the netwerk from one junction to another, This would aiso
probably best be handled by the application of & knowledge based

_systerm,
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CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK

A tool that performs an optimisation on the design of radial LV distribution
networks has been produced in this project. It operates on the network's
topology, by changing the positions of junctions In the network, The goal
of the optimisation Is fo miniridse the associsted network cost, while
obaying the voltage drop constraint. The network cost s made up of the
cost of cables and the cost of power losses In cables, but it can be easily
modified to consider other costs, without changing the algoritihim.,

There have been pravious Investigations {30-38] into the development of
technigues that optimise LV networks by searching for optimal cable typs
configurations. The too! presented In this paper uset a different approach,
{o address the sltuation in which the designer's chaoice of cable types is
not variable or only slighily variable. '

This tool woulid be of use In systems that are inte ded to automate the
process of disiributton dasign. It could be applied after secondary cable
routing has besh porformed, to modify the design o that its associated
cost Is reduced.

The toof has beanh applisd to existing network deslgns and achisved a 7%
saving on the cost of cables for a specific case study. If the criterla for
suitabliity of application to a particular type of system is the ease with
which alternative junction locations can bs found, then it is deduced that
the tool is most suitable for application to distribution systems In which
both distributor and service cable segments are underground (completely
undarground systemas).

It Is less suftable for application to completely overhead systems than
application {0 underground systems, because of the possilie pragmatic
consequences of selecting altarnafive locations for Junotions. For
example, consider the overhead routes of service cable segments
hetween consumers and junctions (which are placed on peles in overhead
systems), If a junction's location is changed, then the resulfant service
cable route may well be too long, or be obstructed by an obstacle that is
only significant at this locatlon, This would deem the alternative location

~ a8 unsultabla, Another probiem Is that if a Junction’s location is changed

« then the separation between poles might exceed the legliimate maximum
allowed distance between poles, which [s often a very influential factor In
averhead designs. This constraint Is further complicated when the cahle
segment shares a route with another servitude such as a
telecommunications lina,

Systams with overhead distributor cablds and underground service cables
aro also subject 1o the constraint that the separation betwesn poles may

not exceed a cortaln maximum amount, Another prollem with changing a

Ju155,100
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It {s less suitable for application to completsly overhead
systems thai application to undergtound systems, because of
the possible pragmatie consequences of selecting altemative
Jogations for Junctions, For example, consider the overhead
routes of service cable segments between consumers and
junctions (which are placed on polns in overhead systems), If
& Junction’s location is changed then the resultant service
eable route may well be too long or be obstrueted by an
obstacls that 1s only significant at this location, This would
deem tho altemative loestion as unsultable, Another problem
{5 that if a junction's location is chanped then the separation
between poles might exceed the Iegitimate maxinum gliowed
distance between poles, which I8 often 2 very infivential
factor In overhiead designs. This constraint {8 further
vomplicated when the cable segment shares a route with
another servitude such 9 a telecommunications line,

Bystems with overhend distributor cables and underground
service cables are also subject to the constralnt that the
separation hetween poles may noi exceed & certain maximum
amount, Another problem with changing a junetion’s location
in ovethead systems ‘4 that o junctlon may be configured to
cause branching in orthoganal directions, thus its original
location hos structural interity thet could be sompromised iff
ft was clianged in any way,

This tool would be of use In sysien  th,at are intended to
dutomate the process of disteibution
-applied afier secondary (LV) cable rowting hos been
performed, to modify the dasign so that {ts associated cost s
reduced, :
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1.7

.71

1.8

1.9

The Product marager, namely Barry Dwolatzky -

-

All fulltime and part-time post-graduate studants associated with the
SEAL

Membars of the SEAL Management Board

-

Head of the Department, Elegtrical Engineating

individuals who wiil perform internal and external survsillance audits of
the SEAL Quality Management System

Applicable Documents

Standards

a. SEAL OMS Document Layout, Presentation and Typesetting Guide, Q8
003, Reviston 1.00, 3 Osiober 1984,

Assumptions

it Is assumed that the reader is famiitar with the 180 9000 serles standard
for quality systems management,

Requiremants Traceabliity

This dociiment addresses the following requirements:
8. (SO 8001 (1884) 4.5 Dooument and Data Oontfol
b, (SO 8001 (1984)  4.18 Quality Records

Ja001,100
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1.4

1.3

1.5

1.8

Scope

Introduction

An essentlal feature of a quality management system is that it documents
the procedures used to implement and maintain the system. This

document Is the Document Mastear List which provides a directory of ali
documents which have the status of Draff, Provisional or Approved.

Putpose

This Document Master List provides the cross reference {o all documents
comprising the NODD Project,

Appllcabllity

' ‘This document Is an essential reference {o all documenta supported inthe

NODD Project.

Definltions

AFRICON : IEEE Confargnea [n Afrloa

SAUPEC ! South Aftlean Universities Power Enginearing Conference
IEEE { Institute of Electrical & Electronic Engineering

PES : Power Englneering Soclety (of IEEE)

NODD : Network Qptimisation In Distribution Design

Notas

The electronic verslon of a decument is assumed to be the master copy
and all hard coples are uncontrolled documents, with the exception of

. slgned minutes,

Audienceo

Tho audience for this document comptise the varlous stakehalders of the
SEAL. Including:

+ The product developer, namely Justin Apostoleiils

Bogo f
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Master Document List - _ JAOU

NODD
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Updatad JA118 In MDL

00| Mot _
1.00 g6 1?0? Added JAB22, Updated JA521 JA519, JAG18 and JA516.
1.00 ] g8M11M3 Added JA125, Updated various dates.
1.00 9612109 Updated various dates and added JAB23,
©1.00 96M2M9 Vatious dosuments approved; Added JAB24 and JA D09,
100 | seriziea |

Varlous documents epproved, Added JAB2S,

Management Authorisation

Yerslon Dato Status | ~ Management Board Minute & sference |
0.01 96/03/04 | Approved | JAGB14 '
Change Forecast

This document will be updated eaoh time a new documentad elemant is

addsd info the NODD,

Jud01.100
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JAQO1  Master Document List L NQDD
Ad.déd JABOT to st of Quality Assurance Products
0.1 96/08/18 Added JAS0Z fo Ilst of Quallty Assurance Products |
001 58108114 | Added JAT01, JAT02 and JAT03 to list of Technical
Products and JAB03 to list of Quality Assurance Products
.01 O5/08M7 | Added JABO4 and JABOS to the st of QA Products
0.01 95108125 | Added JABOB fo the llst of QA Products and JA104 1o st of
TP products.
001 95110110 | Updated revicion date of JAOOS
0.01 G602 | Added JASOT to list of QA producs,
0.01 o512/ | Added JAT0S fo list of TP producis. Data change for JADDS,
001 | 96M2/05 | Added JABOS to llstof QA products. '
0.01 B6112iNz | Added JABOB to list of QA products.
0.01 D6/02/27 | Updated JADD4, Added JA10B, JA107, JAT08, JA108
201 06102128 | Added JAT10 to list of TP products, Updated JADDS
0.01 96108101 | Added JAB10, Updaied JAGOD
1,00 86/03/04 | Managemant snd Tochnical Products promoted to revislon
1.00, Addad JA511. Approved JAS10,
100 | 96/03/05 | Addad JAB12
" 1.00 B6/03145 | Updated revision numbar of JAODS In MDL
100 98104118 | Updated JAGOB, Added JA111, JAT12, JA1I
1.00 §6/04/22 | Adced JA114 te MDL
1.00 06/04128 | Added JABIA to MDL
1,00 D6/0BI02 | Addad JAB1S to MOL
1,00 08/05/03 | Added JA516 lo MDL. Updated JAS14 In MDL.
.00 D6/07126 Added numerous entries to Technical Products In MDL .
1.00 86/08/26 | Added JAS1Y, updaled varisus dotes
1.00 DG/0B/28 | Added JAB1S,
100 B6/06/6 | Added JAT18 and JA127.
1,00 86/09/17 | Added JA519 I
1.00 00/08/19 | Added JA128 and JA129
1.00 810G, Updated JAS18's approved dale.
1.00 88107 | Addad JABZ0
1.00 96028 | Added JAS2Y
Pogo 4 Varslan 1.00 4 Fobeuary 1987 Jagh1.160
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6 Configuration Status Accounting

The Project Manager is responsible for ensuring that status of ariifacts
raoorded in the Master Document List corresponds to the:

-s Identify of the ariifacts in the file directories, and

« The revision numbers are coerget,

Ja086.160 Vatgion 1,00 28 Novamber 1958 Pago 13
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5.1

5.2

6.3

54

Archiving of Artefacts
Electronic Artefacts

On project completion an archive copy of all slectronic artefacts
supporting this projects will be supptied on or more stiffy diskettes using

the ARJ.EXE ufiiity, These diskettes wil be kept In the official SEAL

plastic folders immediately inside the SEAL Project Binder.

Backup procedure on computers In the SEAL Post-graduate
Laboratory Facility

Computers irt the SEAL Laboratory Facllity are subject to the fallowing
back-up procedure: :

a. Dally Backup: Project files are archtved' fo the stiffy diskettes kapt
inside the S8EAL Project Binders. (Rlsk covered: Fallure on the hard
disk or inadvertant loss or corruption of dafa.) ' :

b, Weokly Backup: Project files are archived to tha SEAL fip site, This
actlon ansures that these project artifacts ars archived to a site outside
the SEAL Lab. (Risk covered: Destruction or loss of the computers in
the SEAL Lab by fire, thefl, or other disasier,)

Ba?k?_p procedure on computors outside of the Chamber of Mines
Building _

The archiving of tha files on computer system, SEAL sarver, Is subject to
waokly tape archival,

“The tapes are kept offsite from the locatien of the residert computer.

Hardeopy Records

Are maintained In an officlal SEAL Project Documentation Binder in the

. Project File In Room CM2221 (BEAL Lab) In the Chamber of Mines

Building.

Page 12
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4 Artefact Management | .
The controls adoptad for this project are as follows:
41 Active Machine used for supporting the files
SEAL Lab Compuiter System S-81 Is the resident computer.
4.2 Diractory Structure
4.2.1 Drlve Pariition
The C Drive partition Is used.
422  Project Directory

» CN996 _0S\WMR - for the storage of the managament series documents
v G887 OOVTP - used for the sterage of technleal product |
s C\BO5_ONQA - used for the storége of qualily assurance products

including minutes of review meetings, audits of the systemy, and
correspondenca,

Jp008.100
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3.1.6

3.2

3.2.1

Conflguration ManagementPlan ________ NODD

AA Is a two lstter acronym representing the audlt type: Pl = Project
Initlation: IP = Project In-process; PC = Project Closure.

S8 Is a 2 diglt serlal number In the range 01 to 99, and starting from 01,
88 only applies to audits of type ‘IP", _

8RB is the fila extension and will be ‘PAR’, which stands for Project Audit
Repott. ' '

Example: The third Preject In-process Audit Report for a project Initiated In
1885, with an 1 of 20 would have the following filename: 95201P03.PAR.

Minutes
The file name will be structured as follows:

YYMMDD-X.BBB

~where YYMMDD represents the date of the meeting at which the

particular minutes ware taken, YY represents the year, MM rapresents the
month and DD the day of the particular meeting.

Xis a 1 digit meeting sequence number.
BBB s the file extension and will be "MIN', which stands for Minutes.

Example: The minutes of the first meeting held on the 4th of March 1985
wauld be saved in a file with the following filename: 850304-1.MIN.

Projact document sequence numbering

Where the document sequence number comprises 3 dights
+ The MPP series will he from 001 to 099

’ The TR setles wit! be Sory 100 - 489

¢ The QA sories will be from 800 - 999

Papc 10

Vaorgion 5.00 4 Fobrobry 1087 Jol0R 130



Configuration Management Plan ' JA 006

NODB
Whera AAAA Is the 4, 3 or 2 letter acronym for this project, which Is JA for
this project,
XXXX Is the 2, 3 or 4 digit sequence number of this document
and 222 Is the version number of this file, stariing from 001 as the initlal
ravigion, When a document Is baselined ag the first version, the most
slariifieant digit will represent the veraion number.
Example: The User Reference Manual (Verslon 2.00) for the SQM project
will kave the following file name; SQM003,200,

313 Code \ line art \ presentation \ image flles
The e name will be structured as foliows:
AAAXXXYY.BBB |
whare AAAA s a 2, 3 or 4 lefter acronym, not necessarily th project one,
XXX Is a 4, 3, or 2 digit serlal number
YY 8 a two digit verslon number, in the range U1 fo 99, and starting from
01.
BBB Is the file extenslon and will be whatever the particular compilarfool
demands.
Example: The third display module (Verslon 2.4} for the CART project
gould have the following filename: CDSP0324.PAS, if it was written In
Pascal,
Code files are archivad together infe onw flls, and will have the same
fliename structure as above, but the extenslon will be {he named

“ageording to the applicable archive type.
1.4 Projact Audit Roporis
, The fllg name will be structured as follows:

YYXXAAGS,BBEs
where YY Is a 2 digit serlal number reprgsenting the year of project
initiation,
XX Is a 2 digit serial nunber representing the project i according to the
SEAL Projests Rogister (U8 198),

009100 '
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34

3.1

312

__Configuratien Management Plan NODD

Anrtifact ldentification

This section defines a consistant referencing system that shall be used for
all artefacts. All artefacts are identified by both ah artefact flename
followed by a artefact fila extension in the following format, as described in
the followlng paragraphs.

 <njame>.<extension»

Fite Naming Convention

Project Products - Multiple wond processor types préaent
The file name will be structured as follows:
AAAXXXYY.ZZ2Z

Where AAA Is 2,3 or 4-letter acronym for this project, which Is 'JA' for this
particular projact, '

XXX ts the 4, 3, or 2 digit sequence number of this document,

YYisafie fype identifier ag follows:

« W8 - Wordstar

o WP« Word Perfoct

+ WW . Word for Windows

+  AG «pure ascif text

¢ HC - hard gopy file (no source present)

s 7S - postscript file

ZZZ 13 the version number, starting from 001 as the initlal version.

Example: QSMOG1AS,001, and interproted s the document Q8MO01 of
type AScell and the first version in the sequenca.

Project Products « Single word processor for ~ yued
The file name will be structured as follows:

AAAAXAXX.ZZZ

Puage 8
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2 Documentation Structure

Tha dost'ments are categorised to refiect the nature of thelr content. The
key categuries of documents include:

» manageinent products,
o technical products, and

« quality assurance products,

JO00H. 109 ~ Varalen 1,00 20 Novomber 198G : Poage 7
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¢. Members of the SEAL Management Board

d. Head of Department of Electrical Englneering

& Individuals who perform internal and external audits on projects

undariaken within the SEAL Quallty Management System.,
Applicable Documents

Standards

g, SEAL QMS Document Layout, Presentation and Typesetting Guide, QS
003, Revislon 1.00, 3 October 1994,

Requirements Traceabillty

a. 1809001 (1994) 4.5 Document Control |

b. 1508001 (1984) 4.8 Product [dentification and Traceability
¢. 1808001 (1984) 4,13 Control of Non-conforming Product
d. 1ISOB001 (1984} 4,16 Quality Records

Pogn 6
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1 Scope
14 introduction |
This dosument desoribes the configuration management plan applying to
all artefacts supporting this project.
Such artefacts will include hardc.opy and electronic represantations of
documents.
This dosumert raviews the piocedure which applies {o the management
and storage of these artefacts.
1.2 Purpose
~ Conflguration items are Individual documents and forms In electronie and
hardcopy format, They comprise:
¢ management products and procedures
» tachnical products, and
o qualily products
1.3 Appilcability
To be raferanced by all individuals who engage in product development
for this project,
1.4 Limitations
This configuration management plan is linited to use on ong-person
projects, of two person projects whera cne member is the developer
(Justin Apostolalils) and the other member Is the Preduct Manager (Barry
DPwolatzky),
1.8 Audjence
The following comprise the audience for this document:
a. The developer of this product, namely Justin Apr.stolelils
b, The manager of this product development, namely Barry Dwolatzky
‘Jauoe.wo Vorston 1.0% 20 Novombor 1908 _ Page §
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Th!s Is the cable type id for the cable type that will be used for the service
sabl ﬂqmant connectmg this consumer to its junction,

3.4.2 Qparations:
JConsumerData( nowcabletypold int, nawloadmu!ﬁactur Jl.oadfactor)

This constructor le used to set the valuos of cabletypeid and
loadmuitfactor at creation. They are copled from newaabfetyper‘d and
newloadmultfacior respectively,

38  Class nara: Jintesface

An Instance of this class serves o8 an !nterrace betwoen g client and the
opfimiser (an instance of JOptimiser), A client should create and supply
infarmation about the network to an inslance of Jintorface, All nados are
added with JintorfacenaddNodo(dnots & Inf). The cllent sends the
measage Jinforfacasoptimise{/Veltoge) to tell the instanee of Jinlerface to
proceed with tho opiimisation, The ciient views the resultant configuration
by caltlng JintorfacouviowNodaRos(rd, int8). .

3.6.1 HasA 'Ralatio_nahips:
notworktree * JNode

This data nmermber is a pointer to ap array of dynamically created JNogs
objects. This aray s crosted when the Jiferfacyiing, JCaleulator 8,
JGabloLic? &) constructor is used. s slze Is humnodos+]. The firat entry
Is redundant. The ontrles in the array aro addod with the addNodef. Vode
&} mombar functien. The Jinlorfaco dostruetor froos tho momory
oceuplag by the ontrios in this array,

tracroot * JNedo

Thia 19 @ peinior to one of the JNode abjocts in the netwerklree array, 1t is
t1¢ JNodo oblect that reprosonts the junetion ot the root of the radinl
notwork, 1t is set using tho addNodelMado &,inf) member funetion, fo
point to tho JNede objoct that 15 added whon the valuo of tho fsroof
paramoter is nenzero,

" ealeulator * JCaloulater

This data momber palnts to an instance of JCalewlator. It is usually givon a
value ot eonstruation, using the Jintorfago(ing, JCale dafor &, JCabloList &)
constructor, Tne Jinforfaco dostructor doca net atfompt to new tho
momory ocsupled by the Instanco that caleulalor points to,

ntmnodos it

s i = E aEEERE RS

Popn 14 Voo 1.60 18 Januany 1007 Jntge. 100
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[

This member functlon coples the velue of cfvalue fo
cfeurvefnumeonsumers], JFuncSuccess is returned if numeonsumers i
not out range, otherwise JFuncQuIOiRange Is returned.

get_ucf( numeonsumers Int, ucfvalue float &) : JFuncResultType

This maetber function coples wefeurvenumeonsumers] to the function
patameitr usfvalue. If numconsumers is ntot out of range, then
JEuneSug. :gcls returnad, otharwise JPuncOuOfRange Is retumed,

got_ucf{ numeonsumers Int, ucfvaluo fioat) ¢ JFuncReswitType

This moember function coples the value of wefvalue 1o
uefourvelnumeonsumers), JFuncSuccess 18 retumned If numconsumers 18
ot out range, otherwise JFuncQutOiRange is returned.

ealeCFourvel ) 1 JFuncRosultType

This membar function caleulates all coincidence factor valugs for the
¢fourve data member using a partlsular fungtion.

galeUCFeurve() : JFuncRosuliTypo

This membor function eaiculates alf unbalance correation factor values for
the uefourve data member using a particular function.

caleCuiOverload( cablype JCableType &, our JCurrent)
JFuneResulTypo

This mombor function porforms a check to see If the current rating
nosoeiated with cablypo exconds the value of cur If it doos thon
Fune&uceoss is roturnod, otherwiso FuneGurBxecoss Is raturnad.,

34 Class name; JConsumerData
Instances of this closs ore vsed o storo position independent infarmation
about consumors. This includes tho load multiplication factor of the
congumer and the coble type id of the cablo typo cesocioted with the
sarviea eable segment connecting tho censumior to a junction.

34.1  * HoaA Relationships:
londmultfactor JLoadfactor
This data maembar {3 the load muitiplication factor of tha sensumaor that is
moprosented by this object,
cablotypeld int

Jpi24.100 Vorsien 1 00 19 Jaougry 1007 _ Pago 13
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3.3

Operations:

caleVoltdrop( cur JGurrent, len JLength, cabtype JCahbleType 8,
thavoltdrop JVoltage &, numeonsumers int) 1 JFuncResultType

This member function calcuiates the volt drop In a cable segment and
copies the value to thevolldrop. Parameter fon is the length of the cable
segment. Parameter cablype is the cable type. FuncSuccess s returned if
sucerasful, '

caleCurrent{ numeonsumets Int, numimis JLoadfactor, thoCurront
JCurrent &) ¢ JFuncRasulTypo -

This membar function caloulotes the tolal current in a cable segment and
copios this value In the theCurront parameter. Tho number of consumers
fod by this segment Is numconsumers, Parameter nurmimfs is the number
of load multlplication factors. FuncSuccoss Is returned if successful,

caleCaliCost{ len JLongth, cabiype JCableTypa &, cur JCurrent,
volidrep JVoltage, thecost JCout &) ; JFuncRosuliType :

This mermher functien ealculatos the cost of a cable segment and eopies it
to the theeos! parametor, Poramoter lon Is the eabla segment lenath,
Parametor cabiygo s the cable cogmont’s cable type. Paramoter cur is
eurrent In the coble sogmont, lta dofault value I8 zoro, In which case it Is
ignored. Porarnotar volidrop 16 the volt drop nerass tho cable segment, Its
default value Is zero, In which case it Ig ignored.

JCaleulator{  nowhreakorsurront  JCurront,  newdesignADMD
JKwpowor, nawnomvolts JValtage)

This conatrucler 15 used to got the valuos of varleus dota members ot
croation. Parametor nowbreokoreurront 1s cepied to brogkorcunont
Parameter newdosignADMD is copiad to rosignADMD, Parameter
nownemvells Is copled 1o nomvolfs. Tho member funclions ealeCFReurve()
and calelUCPeurvof) aro collod ond if succossfully oxocuted then
objecislalo i sot to Staloiniflalised, othorwise #§ s set to
StatoUninitlalised.

got_of{ numconsumars Int, cfvaluo float &) ¢ JRuncRaesuitTypo

" This momber functlor coplea cfeurvefnumeonsumers] @ the funetion

pararnotor efvalue. If numeonsumors s net ol of ronge, then
JFuneBugeess Is returned, othorwise JFUNEOWOIRango Is returned,

sot,_cf( numeconsumeoers int, efvalue float) ¢ JFuncResultTyps

Pago 12
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3.3.1

Includes data members that hold values for circult breaker current, ADMD,
nominal voltage level, coincldence factors and unbalance correcton
factors,

Has-A Relationships:
obJectstato JOhjectState

This data member provides a means of recording the state of an instance
of this class. When an Instance Is created uelng the JCalculalor(JCurrent,
JKwpower, JYoltags) constructor, caloulations for unbalance correction
faclors and coincldance factors are made. If there Is an error during

~ caleulation then objectstate (s set to StatoUninitlalised, otherwlse it ls set

to Stalolnitialised.
designADMD JKwpower

This is the design ADMD to be used fer caloulation of Diversity factors, It
i5 manipulated with the el _desighADMD() and
set_dosignADMLIKwpower &) momber functions,

broakoreurrent JCurront

This Ia the brosker surrent In sonvies eable segments. [t IS manipulaled
with the got_breakercutront(} and sof _breakercurrent{JCurrent &) member
functions,

cfeurve float[101]

This data membar stores an array of values of colncidence factor
garraaponding to numbor of nensumers between 1 and 100. Enlry 0 is
redundant. Thoso values are caleulated ot construction by dofaulf
aquations. They can be changed using the sol_effintfloal) member
function. Values can be copled using the gol cfiing foaf & member
function.

usfeurve float{101}

* 'This data member Is an arrgy of values of unbalance corraction factors

gorreaponding 10 number of consumers belween 1 and 100, Entry 0 is

* radundant. These valugs are colculated af construction by defuult

equatlons. Thay can be changed using the sel ueflintfoal) mombe-
funetion, Values can he copled using the gel uefiint, float &) member
funetion,

nomvolis JVeltage

The nominal voltage lavel, It Is manipulated vaing the get,_nomvé!fsr) and
sof_nomvolls(JVnitage &) membar functions,

Ha124.100
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322

33

The number of phases assoclated with this cable type. lts value Is set
using sel_numphases(const Int value), its vaiue Is copled using
get_numphases().

cablename char{d1]

This Is the name of the cable type, stored ae a string. it can be up to 40
characters long. It 1s set using the sef_cabloname(const char ¥) member
function, To resslve a pointer to the character array, the geof cablenamef)
member funetion is used.

currentrating JCurront

The maximum cutrent per phase that this cable type is rated to handle, it
is specified In Amps, lts value 1s set using sef currentrating(const
JCurrent value), Its value s copied using gel_currentrating().

cablotypeid int

This Is a unlque identity number, which is asﬁociated to this cable type. It
ts set using sof_cablelypoid(const int value), Its value can he copled uging
got_cablotypeld().

Oparations:
JCableTypo( nowname const chnr *, nowgost JCosiporien,
nownumphasaa int, nawres JResparlon, nowld Int, neweur JCurrent)

Constructor that requires specification of the cabloname, cosipetion,
numphases, resperion, cablotypold and currentrating attributes assoclated

- with this cablo type. Al of thoso paromelars are copied o thelr respective

datn membeors, with the exseptien of newnama, In which gase the ehar
array to which this parameter peolnts is copled (o cabloname,

gat_cablenamo( ) : const char®

Returng a constant char pointer to tha cab!enama dalo member In an
ngtanee of this class,

sot_pabloename{ nownama conat char *) 1 JFuncRonuitType

" “The chat array pointed to by newname is cﬂplad nio the eabloname dute

membar.

Clags name: JCalculator

This ¢lass is usad to caloulaie various guantities such as values for volt
drops, curtents ang costs pertaining to cabla segments, It encapsulates
Information that Is required (@ make thesoe coleulations, and theroforo

Pago 10
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3.2

alal 1

to' racelve such dynamically created memoty, otherwise if is set to
StateUnitlalised.

got_cablelype{ ther=*' “+po JcableType & theld Iny
JRuncResultType

This member function coples types[fhefd] to thecabletype. If thefd is cut of
range, it returns FuncOutOfRangs, otherwlse It reiurns FuncSuceess.

sot_cablotype( newcablotype const JCabloType &)
JFuncResultType _

This member function coples neweablofype to neweablaiypo::cablelypeold.
If neweablstype::cablefypeld Is out of range, it retumns FuncOutOfRange. If
{vpesseiinewcabletysecablelypeld] is equal to 0, then fwlalset s
incremented and fypossetfnowoablefypescablotlypeld] is set to 1. It sets
ohfocistale to Statelnitlalised If tofalset ie equal to numiypes.

get_typaaaot( theint Int &, theld Int) : JFuncRosultType

This member function toples lypesselftheld] to theinl. If theld is out of
range, it retums FuneQuiOfRange, otherwisa it returns FuneSucness.

Closs nama: JCablaType

Each cable sagment has an assoclated cable type, Each cable type has
an assoclated specification, In tha form of a sot of values for the cable
type's attributes, This class encapsulates the attribules of a cable fype
and therefore the specifications of cach cable type cen be stored in a
soresponding Instance of this class. lts data members maka the storage
«ossible for entitios such as name, cost per unit length, resistance per unit
length, maximum current rafing and number of phases. The data membor

JCablaType::cablotypoid rapresents the identily of the eable typa.

Hag-A Rolatlonships:
resporlen JRosporlon

The resistonco per unit langth of this cable type specified In ohms por
kilometer, lis valuo Is sat using sel_rosperien(const JReapermn valuo), 1ts
value Is copled using gol_rosporion().

costperien JCostporlen

The cost per unit length of this cable type specified in cast units per metor,
lts value Is sat using set coslperienfeonst JCosiporlen value). s value is
be copled using got costperion().

numphasos Int

Jarge ity
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1 Scope

14 introduction

Tha project entalls the application of computerbased automation and
optimisation tools to the deslgn of electrical distribution networks.
Therefore previously published work on these and related subjects were
reviewed through an extensive Investigation, The findings of such a
lterature survey are discussed in this document,

1.2 Putpose

This document presents the findings of the literature survey and serves as
a referance to all related dosuments that were encountered,

1.3 Definitlons
AJPO : Automated Junctlon Position Optimisation
ANM/FM : Automatic Mapping / Facilities Management
GIS : Geographic Informatlon System
HV:High Voltage
iV Intermediate Voltage
LV Low Voltage
MV : Medium Voliage _
SCADA : Supervisery Control And Disfribution Automation

1.4 Applicable Dosuments

14.1 Standards
a, SEAL QMS Dosument Creatlon Template, QS 002, Revislon 0.02, 3
October 1994

" b, SEAL QMS Document £ayoUt, Presentation and Typesetting Gulde, Q8
003, Revislon 1.00, 3 October 1994

1.4.2 Raeferences

11} Grimsdale R L, Sinclare P H ‘The design of housing-estate distributlon
systems using a digifal computer’, Proceedings of the IEE, 1960,
107A, pp 295-308.
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After an  optimisaton has been Initlated ~ by  calling
Jinlerfaceoptimise(JVoltage, int, JCost &, JVoltage &), this number Is set
to the number of the elament in the positions array that corresponds to the
position that the optimiser has found for this JNGde,

objectstate JOblestState

This data member provides a maans of recording the state of an Instance
of this class. When an Instance Is created using the JNodednf, Int, int, int,
Inf) constructor, various requeste for dynamic memory allocation are
made. It thera 1a failuro to recelve dynamlc memory, then the value of
objectstale s set to StateMemEror. Otherwlse It Is set to
StateUninitlalised, The JPositionData, JConsumerDala and sub-tree Ids
that {his object stores are usually subsequently inserted into this instanca
using respective member functions. Once they have all been successfully
inserted, then phiveistata ls sot to Stalelniffelised.

totalset Int

This data member stores the sum of 'the numbers of all positions,
gonsumors and sub-trees that have been set by respective mamber
functlons.

elomontrset * int

Thic is a pointer to an array of dynamically created inls. It sizo Is (7
numpositions + numeonsimers + numsublroes). Element 0 is redundant.
EBlemonts (1) to  (numpositions; represent positions.  Elements
{t*numpesitions)  to  (humeensumers+numpaositions) raprosent
conauMers. Elemants (1+numpasilionsreaumeonsumers) fo
(numposilfions+numeonsumorstaumsubtroes) represent sub-trovs. Al
olements arc sot to 0 at construction. Each olement is sot ta 1 if its
sorregpoending entry [s set. When gll enlrles are 1, lofalsot should equal
(numeonsumersnumpesitions+numsublrens) and oljecistafe is set to
Statelnitiafised,

cutriRCS JCurront

Thig [s the value of the current In the IDCS that feeds tho junction

, faprasentod hy this noda. it ig calgulated by

Jinterfaeo:caleCurronts(Node &, int & JLoadfaclor &), which recursively
caleulatas currants for all IDCSs.

numeonsincs Int

Thig I the total number of consurners in the netwerk for which this node is
the reot. Its value Is caleulated when JintorfagencaleCurmenis() Is called.

Popo 0
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381  Has-ARelationships:
| consumers * JConsumeorData
This Is a pointer to an array of dynamically created JConsumerData
objects. The number of entries In this array will be the value of
numConsumers +1, The dynamically created atray of objects pointed to
by consumers 1s the responsibility of the JNode abject when destruction
OGeUrs,
positions * JPositionData
This Is a pointer to an array of dynamically created JPosftonData objects.
The number of entries In this array will be the value is numPosttions = 1.
The sot posiliondata(int, JPositionData &) and gel_positiondata(ini,
JPpsitionData & member functions areé used to manipulate this data
member, _
id Int 5
This is the Idantity number of the JNode objeat.
numeonsumors int
This s the number of consumers that ore directly connected to this
junetion. It can be zero or more. 1t is usually et via the sonstrustor,
numpositions Int
This 1s the total number of possible pesiiions that the juiction represanted
by this node can have. its valuo Is set at construction,
numsubtrees int
This fs the numibsar of sub-trees directly connacted to this node. it ean be
Zera or more,. Ite value is set at construction.
subtrealds IntlymaxnumOncs + 1]
This is an array of inis that store the Ki's of tha sub-troes that aro
gonnectar to this junction. The size of this array Is JmaxnumQDGCS+1,
" cablotypeld Int
This data mermber holds the vaiue of tho cable type id of the cable type
gorrasponding to the IDCS that connects this junction to its parent,
setposition Int
Joi24.100
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3.8

This data member stores the highest volt drop In all SCS cable segments
In this junction group when it Is In the position that Is represented by this

instance of JJunctfonPosition, -

outputDCSvalfdrop Jvoltage[dmaxnumObLCS + 1]

This data member ls an array of JVollags elements, Each eloment
reptesenis the voltage drops in one of the ODCSs of the junction group
when it I8 In the position that Is represenied by this instance of
JdunctionPosition, The size of the array is (JmaxnumODCS+1). The first
antry is redundant. The total number of elements that are actually used Is
equal to JunctlonGroup:numsubtroes of the JJunctfonGmup that own
this Instance of JJunctionPoasilion.

‘Operations:

set_outputDCSvoltdrep( theld Int.  voltdrop JVeltage &)
JFuncResultTypo .

This mamber function <opies the value of volldrop fto
oulpuiDCSvoltdropftheld], If theid Is out of ratige, then FuncOulOfRange
19 returned, otherwise it returns FneSueeess,

got_outputDCSvoltdrop{ thold Int, voltdrop JVoltage &)
JFunoRosultType

This member function coples the value of ouiputDCSvoltdropfthetd] to
volfdrop, If theid 1s out of range, then FuncOut:)fRange Is returned,
otherwige [t returng FuneSuceoss. .

Class namo: JNode

Objocte of this class represent Junction groups In an electrical notwork,
They differ from Instences of JunctionGroup In that thoy store primitive
information about Junetion groups, whereas Instances of JunclionGroup
store Information that is direclly required by the search algorithm. The
data member JNode:id denctes the identity of that partisular junction.
information obout each consumer that 18 dircelly connected to the
junction 18 stored by the JANode:consumers deta membaer, which is a

. peinter to JConsumerData, Information about each poesition in which the

junction can be placad is stered by the JNodongesitions data member,
which Is a painter to JPasitionData. The values of the JNode:id data
members of the Junstion groups that are direetly conneeted to this junetion
via its ODCSs are stored by the subiroolds data member, which is an
2 ray of type Int. This Is how Information about {he radlal structure of tha
network Is storad,

Page 24
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3'7‘ 1

placoHighestlost{ ) : JFuncResultType

This member function sets workselpos such that it corresponds o
minimumn volt drop pasition,

countGroups{ numbergroups Int &) : JFuncResultTypo

This member function finds out fram all Its sub-rees how many groups
they hava, by calling this same function, it sums these numbers together
and adds iseif to this fotal number. This total number ls copled to
numgroups and numborgroups. '

setSolution( ) : JFuneResultTypo

This member function sels selpusition such that i correspbnds o
warkselpos. It calls setSolutiony) for oll subtrees.

plaseConflig( confidats it ™ ¢ JPuncResultType

This member function uses the information it raceives through configdata
to sot workselpos. It alsa calis this same member fuagtion In all #8 sub-
trees using the Information In configdata.

Class namo: JJunctionPosition

An instanca of this class storgs Information obout a junction group when
fis junction is In one of Hs possible positions, it therefore has dota
membears that store values for the cost of the junction group, IDCS volt
drop, ODCE volt drops and largest SC8 volt dron, This infermation
petiaing to the Implicit enumeration ariteria that have baen formulated for
the search algarithm that is used to find the optimal configurati..; of
Jungtion losations,

Has-A Rolatiahships:
cost JCost

This dato member sfores the total cost of this junetion greup when it is in
the position that Is represonted by this instance of MunetionPosition,

« InputRC8volkdrop JVoltage

This data membar steres the velt drop aeross the IDCS cable sogmont of
this junction group when it is in the position that Is represonted by thie
Inatance of MunclionPosition,

maxSCSvoltdrop JVoltage

Joldd 100
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highesteost. From this infarmation it can caleulate the maximum volt drops
corresponding o each of its posifivrss and therefore ascertaln which
positions ate redundant. It therefore initielises the numworkpos and
workpositions data mombers for the Junction. The values of
workleastvoltdrop . workhighestvolldrop,  workhighesteest  and
workloasteost are caloulated, If the JuneflonGroup has no sub-trees ( Lo
it Is a Terminating Junction ), then it does not have fo consider it sub-
traes, The value of objecistale is set to Statelnitialisod when somplete. If
there ls memory aocation fallure then it sets it to StateMomError and
returns FuncMoméError,

placeAllLoastCost| resultcost JCost &, rosultveltdrop JVoltage &) :
JFuncResultTypo

This membor funstion sots this Junction and all sub-tree junctions in their
cheapost positions and caleulates the maximum volt drop botween the
root and any consumer, it alse sets rosultcost to the network cost, and
resulidrop accordingly, when under this configuration, The value of
workselpis is set appropriately,

plaseleastCost( ) : JEuncResultType

This member function sols worksojpos such thot it ¢orrespends fo
chaapest poskion, :

placelegsCost{ ) : JFuncResultType

This member function sets worksolpes into tha position that corresponds
to the next lowar junction group cost. If relurng FuneAtl.east If it is moved
Info the position of least cesty It rotums FuneNeChange if it could not
change it Othorwise FuncSuceess ia roturned.

placoHigherCost{ ) : JFuncRosuliType

This member function gots worksolpos info the position that corresponds
{o the noxt highast junetion group cost. It retume EuncAiMighast if it 1s
moved info the position of highest cest. It returns FuneNeChange it it
could not change it Otherwise FuncSuecsess s returned.

plaecAliHigheatCost{ rosultcost JCast &, resultvoltdre p JVoltage &) :
JFuncResultTypo

This membeor funetion sets this junetion and all the junctions in its subs
frees In thelr minimum volt drop positions and caloulates the maximum volt
drop boetween the reot and any consumer, It algo sols rosuffoost ta the
network cost, and resuildrop doeordingly, whan under fhis configuration.
Tha value of workselpog s set appropriatoly,
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gsot_position{ theld Int, thopositien const JdunctionPosition &) :
JFuneResultType

This member function coples the value of posttions to posifionsftheld]. If
thold 1s out of range then It retuns FuneQuiOfRange, atherwlase
FuneSuceoss Is returned,

sot_subtroo{ thold Int, thesubtroe const JJunctionGroup %) @
JruncResultType

This member function coples thesublroo to  sublroesitheld).
FuncOuiOfRange s refurned If thoid s out of range, otherwico
FuneSuceoss Is returned, _

set_workpas( theld Int, tholnt conetint &) ¢ JFunuRaaultType

This momber sunetion coples workpositionsfthold] to theint. If theld Is out |
of range then FuncOulOIRange Is returned, otherwise FuncSuccoss s
refurned.

get_workpos{ thald int, thoint Int &) : JFuncRosultTypo

This momber function eoples wcrkposmons[theidl to theint, If theid I8 out

of range then FuncOutOfRange is returned, otherwise FuneSuccess is
returned,

optimiso{ maxveolidrop dVoltage, rosultcost JCost &, resulivoltdrop
JVoltage &, configdata Int *) 1 JOpt=asultTypo

This member funetion performe optimisation in entire tree for which this
JdunetionGroup is the root. The value of maxvolidrop 1s the maximum
allowed valt drop botweon the reot of the network and any of the
gonsumerg. Tha optimisation resulk is returned, The values of rosulfcost
and rosulivolidrop are also set according to the rosult of the optimisation.
The value of worksalpes In each JMunellonGroup is set according to the
position that the optimisation has found,

prosossWorkPos{ leasteost JCost &, highostvoltdrop JVoltage &,
highosteost JGost &, leastvolidrop JVoitagoe &) ¢ JFuncResultType

This mombor function first cails the same function for all its subetrees. it
recelves the valug of Mghostvolidrop from each of its sub-frans, which is
the highest volt drop belween the root of a subdree and any of its
gonsumers whon at the position of highest volt drop, st which point the
corresponding cost s Jowesfcost. It nlso rocelves the value of
lenstvolldrop from each of lts subetrees, which Is the highest volt drop
between the reot of a subsdres and any of its consumers when at the
position of least volt drop, at which point the corresponding cost is
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numgroups int

This data momber stores the total number of junction groups that f~rm the
natwork for which the junction represented by this JuncfionGroup 1s the
root. The number includes this junction. It Is inftialised for all junction
groups before optimisation by calling the countGroups() member function.

warkhlghestcost JCost

This data member siores the cost of the entire network, for which this
junetion Is the root, when It Is configured to have an assaciated cost that is
higher than all other conflgurations, it s caleulated by processWorkPos().

workhighestvoltdrop JVoltage

This data miember stores the largest voltage drop hetween the root of this
Junetion and all congumars when all junctions within the entire network, for
which this junction Is the reot, are set in the positlons that result In overall
highast maximurn voli drop, It is calsulated by processWorkPos().

Operations:

JdunctlonGroup( nownumeconsumers Int, nownumpositions iat,
newnumsubtrees lnt)

This constructor is used {o set the vaiues of varous data members at
creation. Parameter newnumeonsumers is copied to nuniconsumers.
Paramotor newnumpositiens 1s copled to numpositions. Fammetor
newnumsublroos is copled to numsublroes. An arroy of numpositions+1
JdunclionPosition objects I dynamically cronted and positions is set to
point o it. The value of objectstale Is set to StafeMomError If there wag

failure to receive such dynamically created memory, otharwise it is sot o

StatoUnitialised.

got_position{ theld fnt, thoposition JJunctionPositien &)
JFuncResultTypo

This membior funstion coples posifionsfthold] to thoposition, if thoid is out
of range then R returns FuncQuiQiRange, otherwlse FuneSuccoss is

returned.,

gof subtreo{ thold Int, thesubtree JJunctlonGroup ™)
JEuncResultType

This member funclion coples subtroosfthold] to  ‘*thesubiree,
FuneQuiOfRange is retumed if theld Is out of range, otherwise
FuncSuccoss Is returned.

Poge 20
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salposition Int

This data membear stores the position in the positions array of the best
solacted position. it is set after pre-checking and optimisation so that it
oorresponds to the value of workselpos by caling the sefSolution(
funetion,

numworkpos int

This data member stores the total number of working positions that exist
for this junetion. A working position Is one of the possibla positions that
have not baen found to be redundant. They are therefore used in the
search. te value is caloulated when processWorkPos(} Is called,

wotkposltions * int

This dzta member is a pointer to a dynamically created array of ints,
having »umworkpos+1 elements. Each /nt value Is an Index Into the
positions array, The flrst entty, workpositions{1], corresponds to cheapest
position, The fast ontry, wonkpositionsihumworkpog), 18 the most
expensive positien, The alements are arranged In ascendiing order of cost,
This date membar is prepared by procossWorkFoa(),

workselpos int

Thia data mamber stores the position In the workpositions atray of the
currantly selected position, It Is used for setting of positions during
optimisation, s Is used by salSolution(} to set the valus of selposition.

parent * JJunctlonGroup

This data member storas a peinter to the JJunetionGroup object that
reprosonts the parent of this junction according to the radial sfructure of
the network that s under representation. It ¢ manipulated by the
got_parent() and sel_pareni{JunctionGroup™ member functions,

wotkleastecest JCoot

This data rmembaer steres tho cost of the entre natwork, for which this
Junction is tha root, when it ia configured to have an asscoclated cost that is

- lower than ail other configurations, It is calculated by processWorkFos().

workleastvoltdrop JVoltage

This data member stores the largest voltage drop between tha root of this
Junction and all consumers when ali Junctions within the entire network, for
which this Junetion is the reot, are sot In the positions that result [h overall
lowast maximum volt drop. It 1s caleulated by provessWerkPas(),

Jarad 100
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This data member is a pointer to an array of dynamically creafed
JlunctionFositlon objects. The memory that Is occupled is freed in the
MunctionGreup destructor. The number of elements In this array Is
numpositions + 1. The elements are manipulated by the sey_position(ini,
JdunctionPosttion &) and get_positlon{int,JJunctionPosition&} member
functlons.

subtrees (JJunctionGroup *)[maxnumODCS+1]

This data member is an array of pointers to the JunctionGroup objects
that are the roots of the sub-trees connected to this Instance of
JdunelionGroup. The size of the array Is JmaxnumQDCS+1, The total
number of these pointers that are used by a particular ohject is agual o
numsublrees. The first element Is never used. The eloments in this array
gre manipulated with the sef_sublreefini, JJunclionGroup*®) and
et subtree(int, MunctlonGroup*} member functions,

rumoonsumers Int

This data member stores the number of consumers that are directly
connected to the junction In the Juncfion group represented by this
Instance of JunctionGroup, Its value is normally set when the
Jduncian@roup(int, Int Inf) constructor Is used,

numsubtroes int

This data member stores the number of sub-rees that are directly
connected to the Junction In the Junction group reprasented by this
instance of JJunctionGroup, Its velue is normally set whert the
JdunellonGroup(int, int inf) sonstructor is used,

numposltions int

This data membar stores the number of possible positions for the junction
in the junction group represented by this Instance of JunctionGroup. Its
valye Is normally set when the JunctionGroup(int, int Int) constructor is
used,

objoctstate JObjectStato

* This data member provides a means of recording the state of an Instance

of this olass, When an instanse s created using the JunctionGroup(int,
int, Int) construgtor, varlous requests for dynamic memory aliocation are
megle, If there is fallure o recelve dynamic memary, then the value of
objecislate s set to StafeMemBrror. Otherwlse it s set to
StetelUninitialised, It Is set to Statelnitlalised after it has beer: operated on
by procossWorkPoes().

Pogo 18
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This function dynamically creates an instance of JOptimiser with-
numnodas JJunctionGroups. 1t then supplies Information to all these
JJunctionGroups In the image of nelworktres. If during the procass, thers
is a memory allocation error, then It deletes ail that it has created and
returngs FuncMemeError. If networkires s not sufficlently initialised, It also
deletes all that it has created and returns FunoNotiitiallsed, Qtherwise it
returns FuncSuccess, and sets (theoptimiser) equal fo the address of the
JOptimiser object that it has created, If overloadsiop Is equal te 1 then the
process will stop If a cable segment's current exceeds its cable type's
cutrent rating. !f it is equal to zero, i will carry on regardless.

get_nodesset{ theld int, thelnt Int &) : JFuneResuliType

This member function coples the value of nodessetftheld] to theint. If theld
is out of range, I returns FuncQutOfRange, otherwise FuncSuccess is
refurned.

calcCurrents( thenode JNode &, totalnumecons I[nt &, fotallmf

| JLoadfactor &) : JFuncResuliType _ '

3.6

This member funiction Is used to calculate the IDCS currents for all the
nodes in nelworkirge, and stores thelr values In the corresponding
JNode:curlDCS data membars. It operates on fresroof, which causes it to
operate on all nodes bacausse of it is a recurslve membar function,

Class name; JJunctionGroup

Instances of JunclionGroup represent junction groups In @ radial
elactrical distribution network. They hold information about the costs and
volt drops pertainiry to IDCS, ODCS and SCS cable segments assoclated
with a particular Junction group, at each of the possible locations at which
fts [unction can be placed, They also contaln Infermation that Is used by
‘he search algorithm that finds the optimal configuration of locations for
Junctions in the enllre network, Each Instance has an array of pointers to
the Instances of MunstionGroup that are the roots Its sub-trees. The data
member that identifles this array fs JJlunclionGroup.;subirees, In this
manner the structure of the radial hetwork Is modeled In a way that
parallels the same entity In the algorithm deserlption. The major purpase
of the AunctionGroup class Is tn provide a software entity that models Its

. eguivalent algorithm entity, In this manner, the description of the search

3.6.1

algorithm s aceurately translated into its soflware equivaler?, The member
funclion that performs the Jofimisafion Is JJuncltienGroup:roptimise(
maxvolidrop JVollage, resulfcost JCost &, resultvolldrop JVoltage &,
configdata int *) : JOptResuliTypa.

Has-A Relatlonships:
positions * JJunctlonPoesition

Jn124.100
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This constructor s used to set values for the caleulalor, cablefist and
numnodes data members at creafion of an Ihstance of Jinferface.
Parameter hewnumnodas ie copied to numnodes. Data member calculaior
Is set to point to the address of newcalculator. Data member cablelist is
set to point to the address of newcablefist. An array of JNode obfects is
created and Is pointad to by nefworkiree. Its size is numnodes 1. An
array of ints Is oreated and polnted to by nodesset. its size Is also
numnodes +1. All these entries In this array are set to zero at construstion.
The value of tofalset is set to zero. The objoctstate data member Is set to
StateMemError if fallure to receive dynamically allocated memory ocours
during construction. Otherwise obfectstate Is set to StateUninitialised if
newnumnodes Is greater than 0,

addNode( newnode JNode &, Isroot int) : JFuncResultType

This member function copies newnode Into networkiresfnewnode.ld], If
the value of fsroot Is 1 then i makes #reeroof point to the
networkires{rewnodarid]. FuncMemError Is returned if there was a failure
to recsive memory during executien. FuncOutOfRange 's returned if the
newnodex/d 1s Jpss than 1 or greater than numnodes, |f
newnodeobfacistelef} Is  equal o Stateinilialised  and
nodesseifnewnodentd] is 0 then i Increments {fofalset and sels
nodesseifnewrodenid] to 1. If tofalsef Is equal to numnodes and cablelist
and calsulator are fully initlafised then obfestsfate is set to Statelnilialised,

optimise({ maxvoltdrop JVoltage, ovetloadstop Int , resultcest JCost
&, rasultvoltdrop JVoltage &) : JOptResultType

This member function performs the optimisation only If objectstats Is equal
to Stateinitialised and rafurns an appropriate result code, otherwlse it
returns OptNotinitialised, If overloadsiop 1s equal to 1 then the
optimisatlon will not oceur if 2 cable segment's current exceeds its cable
type's current rating, If it is equal to zero, it will optimise regardiess. The
default value Is zero. The parameter maxvolldrop holds the value of the
maximum volt drop between the toot of the network and any of the
consumers. Tha resultant cost Is relurned through resuficost, The
resultant maximum volt drop is returned through resulivolfdrop.

viewNodePos( nodaid Int, position int &) ! JFuncResultType

This member funcilon allows the position of an Individual node to be
viewed after an optimisation. The nade's id ** - +2n as an Input via nodeid.
If nodeid Is within range, then the position nuniiver In which that node has
been s copied to position and FuncSuccess Is retured, otherwise
FuneQutOfRange Is returned.

makeOptimiser{ theoptimiser JOptimiser **, overloadstop Int) :
JFuncReaultType

Fafjo 16
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3.6.2

This data member stores the number of JNade objests in the network. it is
set when the Jinferface(int, JCaloulator &, JCableList &) constructor is
usead.

cahlellst * JCableList

This data member polnts to an instance of JCableList, it s usually given a
value at construction, using the Jinterface(int, JCaloulator & JCableList &)
constructor. The Jinterface destructor does not attempt to renew the
memory occupled by the Instancs that cablelist points to,

objectstate JObjectState

This data member provides & means of racording the state of an Instance
of this class, When an Instance is created using the Jinferface(int,
JCalculator 8, JCableLlst &) constructor, various requests for dynamic
memory allovation are made, If there s fallure to receive dynamic
miemoary, then the value of objectstafe Is set to StaleMemError, Otherwise
it Is sut to StateUninitialised, The JNode objects that the instance of
Jinlerface stores are  usually . subsequently insered using the
addiVode(Nods &/nt) member function. Once all JNode objects have
bean successiully inserted and the value of cablelisi:objecislate and
calculator;:objectstate are equal to Stateinilialised, then objeristale Is set
to Statalnitialised.

totalget int

This data member stores the number of inltlalised nodes that have been
added to this instance of Jinferface with the addNode(UNods &,int)
nember function,

nodesset * int

This Is a pointer to an array of dynamically created infs, When an instance
of Jinerface Is created using the Jinterface(int, JCaloulator &, JCableList
&) constructor, then this data member Is set to point fo an amay of
dynamically created Infs. The size of the array is numnodas+?. ‘this
dynamically created array of infs I used to keep track of which JNodes in
the array polnterd to by networkiree have been set uslng the
sddNods(J/Nade & /n% member function, If a JNode object is set then its

' corresponding entry in the nodesset array s set to 1, otherwiss it remalns

2810,

Operations:

Jinterface( newnumnodes Int, newcalculator JCalculator &,
newsablolist JCableLlst &)

Jats4.100
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4 Software Usefuiness Testing Results
This saction covers tests 5.1 and 5.2

4. TEST 81 Undorgrotmd 1

Tho cost of chbles for the orlginal nefwork Is 24482 Cost Units. The
ariginal network has an assaclated maximum consumer volt drop of 17.48
volts and therafere the network was optimised with a slightly larger value
for largest nliowed maximum consumer volt drop(17.8}. The cost of cables
for the optimised notwork is 227868 Cost Units. Tharofore tho
optimisation ylelded a 8.93 % saving. The optimisation in this tes! ylelded
the notwork shown on tha leit of the map in figure 4.1,
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FIGURE 4.1 : Notwork ofior op!lmiautlunwat 17,5 voite for toot 41 and 13.8 volto for togt 841

Tho same notwork was optimised with the dofault largost allewod
maximum consumer volt drop which Is 13.8 veits. The cablo eonts fer the
- opimised notwork la 23348 Gost Units, Therofore the optimisation yletded
11 4.63 % aaving. The optimised notwark also hag an assoclatod maximum
sonsumer volt drop of 18.27 voite which Is 1.21 veits loss than the eriginal
natwork, but it stil causes a vilation of the maximum velt diop constraint,
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3 Reliability Testing Results
This seetion covers tests 4.1 to 4.8, The expected and actuat rosults are
o -nted In table 3.1
[ Yoot .\ resuftivpo [ objectotate
a0 |oxostod 120
' aatunl 1.20
 44(6) | oxposted 20
actual 20
| 4.40) | expooted 0
Aetun) 10
440} | oxpoctod 20
aetual 20
| A20) . Loxposted |20
netual 20
| 4.2(8). | oxpostod 10
S . 18
4.3} 1 oxposted 20
actunl 20
40k} inetwol  J20 .
e jONpOClO] 17O )
4.Me) agtual 10
| oxpoeted 10
4.30d)__ | notug] 20
oxpnctod 20
TARLE 3.1 Raliablitty Tosting Resuits
The Identical values for expected and actual entities flustrates that the
 raliabiiity tosting reveals that the ceda Is reliable.
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2 Correctness Testing Results
This sgction covers tests 3.1 to 3.7, The expected and actual resulis are
presented in tabie 2.1 '
Tont ; rosulé result | rooult | rosult |junction | Junction |junetton { junction | Junetion
typo value | voit comt 1 2 i 4 ]
drop position | positien | position | posltion | positien
Hu) { oxpoctod |2 NiA NIA ﬁm | NiA .NFA | NiA NiA
aotial |2 {NA [ NA A NiA NIA A NA
(b} | oxpested { 2 NIA NIA NiA A | NiA WA Nik
actual 2 NiA NA NIA NiA Niiv NA NA
2 {oxpostod {10 14088 | 1370248 |2 1 1 2 2
setuat |t | 6009 '_13705:43 2 1 1 2 2
13 oxpooted | 20 12304 | 13804 (2 1 1 i 3
notual 20 133es | 130304 |2 ! 1 2 3
4. oxpocted | 30 1314205 | 4a022 |1 1 2 { 3
aetual w 1314289 | 14022 1 i 3 1 ia
] oxpested | 40 14.005 | 1370345 | 2 1 1 3 2
actual W 14000 | 1370248 2 1 1 2 H
& oxpoatod | 5o 13.3&4“ 130504 | 2 1 1 3 ]
setual [0 [1sem | 1a0s0d [a 1 1 2 3
1 oxpoctod | a0 1244208 { 12022 |1 1 2 1 2 w__.
actyal oo 19.44200 | 14082 (1 1 2 1 8 N
TABLE 2,1 Carroetnoss Togting Regulto
The ienticol values for oxpeetod and actual ontitios iflustratos that the
correctnoss tosting reveals that the code Is corroet,
Pogo 2 J3125.160
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g Scope
11 Introduction

1.2

s

The aceuracy and funstionality of the software has béen tosted to validate
thet [t addresses the requirements that werp established prior o
dovelopment.

Purpose

This dosument specifies the axpected and actual results of the test
procedures that were conducted to tast the software, it also discusses the
performance of the software.

Appileability
Tho software tool that these tosts poerdain {o s the AJPQ tool, which Is a

product of the NODD project,

14
144

14.2

Applleabla Dosumoents |

Specifications _ _
o, Software Tost Specifisation, JA118, Ravision 1.00, 24 Decombor 1996

Standards
o, SEAL QM8 Doecument Groation Template, 28 002, Revisian 0.02, 3
Octebgr1994

b. SBAL QMS Dusument Layeut, Presentation and Typeseltlng Guide.' Qs
003, Rovision 1.00, 3 Qctebar 1994

J2125.100
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sot_ODCSlength{ SUCSnumbsr int, newlength Jlength)
JFuneResuitType

This member function coples the value thelength to
ODCSiongthfODCSnumber].  FuncOutOfRange Is  returned  If
ODCSnuinber s out of range, otherwise FuneSuccess is returned,

got_SCSlength( SCSnumber Int, thelength Jlength &)
JFRungResultType .

This member function coples the value of SCSfengthfSCSnumber] lnto
thelength, FuncQutOfRange is refured if SCSnumber ie out of rangs,
otherwise FuneSuocess ls returned,

get_ODCSlength{ ODCSnumber int, thelength Jiength & :
JFuncResuliType '

This member function coples the vafue of ODCSlongth{ORCShumber] into
thelength, FuncOulOfRange Is returned if ODCSnumber Is out of range,
atherwise FuncSuccess Is returted,

Jot24.100
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3.40

3- 10!1

8102

FuncMemError s returned if copying falled due fo memory aflocation
fallura, FuneSuccess is otherwise returned.

optimise{ maxvoltdrop JVoltage, resultcost Jcost &, resultvoltdrop
JVoltage &) : JOptResultType

This member function is called to perform the optimisation such that
maxvoltilrop is the maximum allowed volt drop betwsen root and any of
the rnnsumers, The optimisation result is returnad, The resultant cost is
returned through resulfeost, The resuitant maximum volt drop [s returned
through resultvoltdrop,

Class name: JPosilonData

This class encapsulates inforrnatlon about cable segment lengths for a
junction group, Each Instance hoids information about a single position for
a junction in & single junction group. It contalns the values of all the IDSS,

ODCS and SCS lengths In the junction group,

Has-A Relaﬂunships:
IDCSlength JLength

This stores tﬁe langtl of the IDCS connected to this junstion when the
Junetlon Is in the position represented by this Instance of JRositionData,

ORCSlangth Jlongth{JmaxnumODCS + 1]

This s an array of JLength entitles. lts slze s JmaxnumQODC8+1, Each
enfry stores the value of an QDCE length. Only the antrles between 1 and
numsubtroes In the JNode ebjoet that owns the instance of JResltionDaia
are used,

§C8length JLengthfymaxnumsCs + 1)

This Is an array of JLength entltles. lis size {8 JmaxnumSCS+1. Each
antry stores the valug of an 8CS length. Cnly the entries betwoeen 1 and
numeensumoers In the JNodo object that owns the Instance of
JPositionData are used.

' Qperations:

sot SC8length{ SCSnumber Int, nowlength  JhLongth}
JFuncResultType _

This member function coples the wvalue thelongth o
SCSlongthiSCSnumber). FuncOutOfRange is retumed If ODCSnumber is
out of range, otherwlse FuncSuccess Is returned,

Page J0
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3.9.2

This is a pointer to an array of dynamically created JJunclionGroup
objects that make up the networ of junctions, The number of elements in
this array Is numiGroups+1. The JOplimiser destructor frees the memory
vocupled by these dynamically crealed objects,

numgroups nt

This I8 the number of JJunctionGroup objects in the network that are
contained by the JOplimiser. This value is usually set with the
JunctlonGroup(ing) construetor, _

rootjunction * JJunctionGroup

This is a pointer to the JlunctlonGruup object which Is the root of the tree

of junction groups, s value is manipulated with the

sef_rooljunction{unctionGroup *) and gel_rooljunction} member
functiens,

objectstate JObjectState

This data member provides a means of resording the state of an instance
of this class, When an instance Is orcated using the JOptimiser(ini
congtructor, various redquests for dynamic imemory allocation are made. If
thet is failure to recelve dynamic memory, tien the value of objectstats is

“set o SiateMemEror. Otherwise It Is set to Statelnitialised.

Operations!
JOptimiser{ newnumgroups Int)

This construstor dynamically creates an array of JJunctionGroup objects
that junctiongroups Is. set to point to. The value of ohjecisiate is set to
StateMemError i memoty arror occurs, otherwise it s sat to
StateUninilialised. it bacomes Stateinilialised after processWorkPos() has
been called. Tharefore it Is the cllant's responsibility to make sure that ali
JdunctionGroup objects are properly inltialised before processWorkPos()
s called.

gat_group( theld int, thegroup JJunctlonGroup *) : JFuncResultType

" This member function sets “thegroup equal fo &(iu:}ctiong.foupsﬂheidj).

FuneQuiOfRange 1s refurned If theld Is out of range, othcrwise
Func8uacess (s relurmed.

set_group{ theid Int, thegroup const JJunctionGroup &) :
JFuncResultType

This member function copies the value of thegroup to
Junationgroupsftheld). FuncOuitOfRange is returned if theld is out of range.

Jui24.100
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3.9

3.9.1

less than or equal to JNodexnumconsumers and greater than zero.
Othsrwise FuncOutOfRange Is retumed.

set_consumerdata( consumernum Int, theconsumer JConsumerData
8} : JFuncResultType

This member function copies the value of theconsumer fo
consumersfeonsumernumm]. It retums FuneSuccess If the value of
consumemum s lesa than or equal to JNodernumconsumars and greater
than zero. Otherwise FuncOutOfRange Is . returned. The values of
JNodazeletnentsset, JNode:tolalsel and JNodenobfectslate are
appropriately updated.

get_positiondata{ positionnum Int, theposition JPositionData &) :
JFuncResultType

This member function coples the value of positionsfpositionnum] to
thepesition and returms FuncSuccess if the value of posiffonnum is less
than or equal o Jivodennumposifions end gréater than zero, Otherwise
FuncOutOfRange Is returned, '

gat_subtroeid( subtreenum [nt, thesubtreeld Int &) : JFuncResuliType

This member function coples the value of sublreeidsfsublresnum] to
thesut freeld and returns FuncSuccess If the value of sublraenum Is less
tha nr egual to JNode:numsublrees and greater than zero, Otherwise
Funi. atOfRange Is returned,

get_elementsset( theint int &, theid int) : JFuncResultType

This member function copies the valua of elementsse!ftheid] to theint and
returns FuncSuccess if the value of theid is within range. Otherwise
FuneQuiOfRange s returned. -

Class name: JOptimiser

An instance of Jinlerface creates an Instance of JOptimiser to perform the
junction position optlmisation. The Jinferface object supplies it with
Information via the JOptimiser::sel_group(int, JiunctionGroup «, maember
function, which coples instances of JJunclionGroup to the array Identified

"By JOptimiserjunctiongroups. Optimisation proceeds when tha

JOptimisernoptimise{JVoltage, JCost8, JVolfaged) member function Is
called.

Has-A Relatlonships:
junstiongroups * JunctionGroup

Fage 28
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3.8.2

ImfIDCS JLoadfactor

This is tha ic.al load muitiplicallon factor In the netwrk for which this node
is the root. its value is calculated when Jinferface!:caleCurrents(} is called,

Oparations:

JNode{ newld int, newnumoconsumers Int, newnumpositions int,
newnumsubtrees int, newcabletypeid int)

This constructor is used to set the values of varlous data membats at
creation, Parameter new/d Is copled to /d. Parameter newnumconsumers
Is copled to numoonsumers. Paranster newnumposiifons Is copled to
numpositions, Parameter newnumsubiress Is copled to numsublrees.
Parameter newcablalypeld is copled to caklatypeld. It dynamically creates
an array of (numpositions+1) JPositlonDala objects and sets positions to
point to it. It dynamically creates an array of (numeonsumers+1) Ints and
sefs fola/sef to points to it It dynamically creates an aray of
(numpasitions+numeonsumers+numsublirees+1) ints and sets
elomentssef to points to it Data member objecistale ls set to
StateMemError if there was failure fo receive such dynamically cteated
mernary, otherwise it is set {o StateUnitlalised. .

sot_subireeid( subtreenur. ~ ' .esubtresld int) : JFuncResultType

This member function coples - the value of thesublresid to
sublreeldsfsubtreenum]. it returns FuncSuccess if the value of
subfreenum Is lass than or equal fo JNade:numsublrees and greater than
zero, Otherwise FuncOutQfRange s relurned. The values of
Jhodaulementssel, JNode:lofalset and JNode:objecistale are
apvropriataly updated.

sef_positiondata{ positionnum Int, theposition JPositionData &) :
JFuncResultType

This member function <oples the value of theposition to
positlonsfpositionnum]. it returns FunecSuccsss If the value of positionnum
Is less than or equal to JNodelnumposiiions and greater than zero,
Otherwlse  FuncOuOfRange Is  retuned. The values  of
JNode:ielementssel, JNoda:folalsof end  JNodenobjecistafe are
appropriately updated,

got_consumerdata( consumernum int, theconsumer JConsumerData
&) 1 JFuncResultType

This member function coples the value of consumersfconsumemumj to
theconsumers and returng FuncSuccess if the value of consumernum Is

Ja124.10¢
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Reguiraments Voriﬁcation and Validation

JA130 : L%
2 Procedure
When the functional requirements have been ldentfied in the Product Description, map these Into the celumn 2. These
requirements provida the baseline for verification and validation activity across the columns,
o _ Soctlon reference Int B _ |
Roquiroment | Product Deseription Produot Algorithnt High Level Software Tast | Software Tast Rosult Roport
Reforonce {JA004) Functlenal | Description (JA116) | Softwars Doslgn Spoelflcation {JA 128)
Spogliieation ' (A7) A 110}
{Ja 110} _
3.1 Automatically find | Roquirersont . | Requiremont Rogulromont Raguirgment Roquiromont addrossed in
N . oplimal natwork addrossod in addrossod n addressod in adtrossed In Soctlon 2, :
gonfigurations by Sotlions 2 and | Sosllons 5,2 and 6,8 | Sacttans 4 and 8.2, | Secllon 3.
gearching for . ;
oplimal junction
lacotions.
2z Suitable Interfgeo to | Requirament Roeguirgmant Requiromant chulremo'nt ' Roguiromotit nddrogsed
o previde the roquired | oddroased in addronsad in Seetion | addressed in aderansod In Soetlien 2, o
input infermatlon. | Section 4. 6.4, Soctiona 4 and 8.4 | Seclion 3. _
3 Sultablo ntorfaco fo | Requiramont | Roquircment Rogulroment Requiromont Roquiremant addroased in
= rocoiva tho eutput | addressod in addressed in Soglon | addrossod I addroased In Soction 2.
Infartnation. s::cllon_ G 6.4 { Soollons 4 and 8.3, | Soclion 3,
\ . .
Pago & Voraton 1,00 4 Fobiruary 1907 Ju139.100
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1.6 Assumptions

it is assumed that the resder Is famiitar with the 1SO 2000 serles standard
for quality systems management,

1.7 Retuiromonts Traceabillty
This document addresses tho following requirements:
a.180 9001 (1884) 4.4 Design Control

Ju130.960 Varsion 1.0) 4 Fotsuary 1oy
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1 Scope

11 Purpose
This document provides tha cross reference to all requirements identified
In such documents as: Product Description, Product Functional

Specification, Algorthm Description, High Level Software Design, .
Software Test Specification, Software Tast Result Report,

1.2 Applicablitty

This document is used to support verification and vailldation activity on
software development,

1.3 Definitionsg
AJPO : Automatic Junction Position Qptimisation

1.4 Audlonce

The audience for this dosument comprise the varlous stakeholders of the
SEAL, incluting:

¢ The produci developer, Justin Apestoleliis

»

The Praduct manager, Barry Dwolatzky

AE ftir’tl-tlme and part-time post-graduate students associated with the
SEA :

Mambers of the SEAL Management Beard

Head of the Deparimont, Elactrical Engineering

individuais who wil perform intornal and external survelilanco audits of
the SEAL Quality Management Systom

1.5 Applieshle Documonts

1.8.1 Standards

a. SEAL OMS Document Layout, Prasentation and Tvposetting Guldo, Q8
003, Ravislen 1.00, 3 Qotobar 1894,

Poga 4 Vorgion 1.00 4 February 1997
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Rroject: NODD
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4.2

TEST 8-2 Underground 2

The cost of cables for the origihal network is 25448 Cost Units. The
network was optimised with a largest allowed maximum consumer volt
drop of 13.8 volts, The cost of cables for the optimised network is 24738.5
Cost Units. Therefora the optimisation vielded a 2.79 % saving. The
optimised network is aiso the cheapest possible network and therefore the
optimiser did not have to perform a search to find the solution. The
optimisation in this test yielded the network shown on the right of the map
In figure 4.1.

Joi26.100

Varsion 1.00 3 Fbruacy 1997 ' Pngo &



Author: Apostolellis Justin,
Name of thesis: The production of software that aids in the design of low voltage distribution networks by
optimising the locations of junctions.

PUBLISHER:
Unlversity of the Witwatersrand, Johannesburyg
©2015

LEGALNOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed or otherwise published
in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (ocne machine readable copy and one print copy per page)for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or cmissions from the information on the Library website.



