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Ismail Bin Hassan*, Wazir Bin Mustafa*

*Faculty of Electrical Engineering
Universiti Teknologi Malaysia
L.B — 791, 80990 JB, Malaysia
Email: gjahir_Ii@hotmail.com
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*#**Kolej Universiti Teknical Kebengsan Malaysia
Karun berkuni 1200, Ayer Keroh-75450,
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Abstract

New computer algorithms are provided to determine the optimal cable size selection considering radial
distribution networks and planner of power distribution defined allowable voltage drop all over the
networks. The planner should properly populate the location of all load substations and the joint node
location in the input data source. Distance calculation of the demand node to demand node and joint
node to joint node etc. depends on the geo-graphical location of the defined node. Cable size and type
of all feeder segment determination depends on the total cost of the networks, cost of feeder losses etc.
An acceptable voltage profile will be maintained all point of the entire networks. The resource of the
cable inventory is also responsible for optimal selection of the cable. By using this proposed computer
algorithm and program an example is solved successfully that is presented in the results.

1. INTRODUCTION

In distribution network design a large amount of data is
required, e.g. information of present networks, design
objectives, etc. Complicated calculations are necessary
in some cases to optimize network configurations. The
use of computers makes it possible to carry out
sophisticated network-design calculations. Common
tasks for computer-aided network design are to obtain
quantitative information on the status of networks.
Computer programs can also act as an efficient tool for
long planning and the study of more complex aspects
[2]. But in this case the main aim of using of computer
program is to draw distribution network by using the
geographical co-ordinates and to calculate the length of
each segment of complete feeder route of distribution
networks according to planning procedure. The high
investment cost of electricity distribution systems and
the increasing cost of energy, equipment and labor has
caused design engineers to look for more efficient
planning methods and techniques to reduce these costs
[1]. The main contributions of this paper are ) selection
the optimal cable size and type ii) measurement of
cable length and node to node distance considering
practical scenarie ii) mapping of power distribution
networks including precious direction change iii) to
include zoom facilities in mapping iv) power losses and

voltage drop determination v) required KVA rating for
the demand node vi) Node current for each branch.

The factors of systems costs, voltage quality and losses
are directly related to the network configuration The
financial justification of the solution in each selection
of cable I related and therefore these factors are
considered.

2. MAPPING OF FEEDER ROUTES

The methods of mapping of feeder routes will be more
transparent if we consider all necessary things to
explain it properly and preciously. Main program will
handle the mapping after retrieving data from the data
bank and getting the information about the initialization
of graphics interfaces. Output of this program will be
the mapping of entire networks. This output depends on
the proper handling of related data structures.

2.1.1  Connection Sequence Selection Method

In practical situation to determine actual route flow
from the practical design route it is very complex to
ensure all direction is considered properly and
implement it in the calculation module accurately.



Connection sequence selection method is a systematic
numbering selection method for calculation of distance
of towers. Systematic numbering of nodes and branches
is not an essential criterion for calculation of distance of
towers of distribution network but it will be better for
node sequence selection,

Four types of nodes are considered in the distribution
network, They are:

- nodes which will be used for getting more accurate

distance

- load substation nodes

- joint nodes

- source substation node
Load substation nodes are to be numbered at first. On
completion of the numbering of all the load substation
nodes joint nodes have to be numbered. There are three
types of joint nodes. Joint node of

- two or more than two load substation nodes

- load substation feeders

- load substation node and load substation feeder

The last number will be source substation node. It is not
essential to follow this procedure of numbering. But if
this procedure is followed it will be easy to find out the
node number of the demand load substations, joint
nodes and source substation. Extra nodes of each route
will be numbered after finishing of numbering of source
substation node. Any extra node number will be bigger
than substation number and it will be start after the
number of source substation,

On completion of the numbering of all nodes it
is needed to arrange the node sequence selection. Figure
3.2 shows the typical distribution network.

For each feeder branch it is needed to mention the
connecting node numbers, The node-te-node connection
sequence will be
18>1 18=>2
2005 2026 2124
2228 22521 2359 23210
24> 23 2422 25214 25> 15
26> 13 26225 27216 27> 26
28> 24 28> 27
Total number of load substations is 17. Joint nodes
number is 18 to 27, 28 is the source substation node in
fig. 2.1. Radial distribution network is shown in the 2.1
figure. There are a lot of hidden nodes between two
adjacent nodes those make the mapping accurate and
practical based.
The mapping of the node connection is shown as
below:

18=>3 19=>17

21>20

19> 18
22> 7

235 11
26> 12
28> 19

Figure 2.1: Typical distribution network
3. PROBLEM FORMULATION

To determine the distance between two nodes, at first it
is needed to select the location of the nodes. The
location of nodes are stated by geographical co-ordinates
then the distances arc determined as follows:

The required distance between two nodes [2]is
Dije= V[0 - %)™+ (-3 1

Total distance of a single route of n number of nodes is

i
D,= Z Djjk
i=l

Total length of cable of complete route of network is
H

DTn = Z Di
i=1
Calculated node number

N = AC™ 4
Calculated demand node number
CD™ = ACD™+ 1

Total joint node number

™ =c™-_cp™
Allowable voltage drop of the considered network

VD4 =vDY* v
The present worth factor for proposed network life

PWF =(1+IR/100.0)™
Node selection sequence is needed for optimal cable
selection module. The memory location for this node
selection is maintained as below:

[ 1:‘2'(1-1)+ 1 9 Nlh P2‘(l-1)+2 9 Nl2 ]:

[ PZ‘{Z-])+I 9 NZI:PQ'(2-1)+2 9 NZZ]:

[ Prrgaye 172 N3t Paegoje 2 Nigl,



[ Poegny+ 12 Nwiyt, Pasgenyrz 2 N
[PZ'(n-E)+1 9 Nnh PZ‘(n-l)+2 - Nn2]
Approximate transformer rating for the demand load
ATRR; = DL;/AEF
Actual efficiency of the transformer
eacefi =1 _(Paci|i+ };»,accl.li)/(Tm:lri * 1000)
Required transformer rating of demand node
RT™ = DL*; / &*;
The required rating of source substation
"

RT* = > RT%
i=1
Required transformer rating may not be standard
transformer rating, It is needed to get associated
standard transformer rating from the input data bank.

Actual efficiency of the source substation transformer

eacefss =1- (Pacilss+ Paccuss) / (ATss * 1000)
Required transformer rating by using efficiency

RT™* = RT*/ eace!‘ss

Required transformer rating , RT*® may not be standard
transformer rating. It is needed to get associated
standard transformer rating from the input data bank. If
RST* indicates the standard value and RSTS® > AT®
RST*  will be actual source substation transformer
rating.

The position of transformer and the position of rating of
transformer is as below: )

[ Pt] S Pit PI| > Pm Pcul Plcull } ,

[ Ptz _9 Pn Pll 9 Pnt Pcul 9 Fm:ul2 ] s

[ Plg S Pn Pl] 9 Pm Pcul l;,:c;ul3 ] ,

[ P(nl)?P(n-l} Ploy = Py, P¥ Gy >
(n-1 3

[ P1 )9 Plt Plln > Plll“. P(:ulrl S Pu:ul‘1 ]
If source substation is associated with ith transformer of
the internal data bank the associated parameter of that
transformer will be used to find out the efficiency for
that particular rating of the transformer and this
efficiency will be used for the source substation.

The node current will be
I = T* 1000 /( V3.0 * VL)

This current rating will be indicated for all nodes. But
associated required transformer is essential input for the
determination of particular node current.

To determine the feeder route selection it is needed to
separate the demand load of the end point of the

networks and the joint nodes. The sequence is the most
important to generate the appropriate  route
determination.

The sequence of node number
% > S { Sy, S S, S

SN2 9 SZ { S 21 S 22, S 233 S“24
................... Sy n, S"2n}

SN3 9 SB { Sn}!s Sn329 Sn33s Sn34
................... $% 1), S3al

SN(m-l) 2> S(m 1) { 8" (m-[)[s S (m-1)2s S {m-1)3s

8" (M1} ememnens §" (m- l)(n N, 8" (m-])n}
SNm 9 Sm { S mls S m2> SnmS: Snm4
...................... S mia-13, S"ma)
Connection sequence of joint node
IS, D I8, f IS, IS, JSTas JST
.......... IS e, I8, DSy, D8z,
DS" 5, DS veveee DS neny, DS
The nth joint node of the sequence joint node set for mth
joint node
8 = DS { DS, DS,
Dsnmh Dsnm4 ------- Dsnm(n-l), DSnmn }
The current flow of joint node

lJSNm - z (lJSnml_I_

+ lJSn -t + IJSn lDSn
+ IDS“m3 + 1" N

...................... + 1050 gy + 1P mr,)
The current flow of nth joint node of the sequence joint
node set for mth joint node if all connecting node are
demand nodes

IJSnmn =Z (Ilasﬂml_l_lnsn“_l2 +IDSnm] +IDSnm4+

S
lJSnm2+IJSnm3 +lJ nm4

All current flow of demand node will be calculated
according to 1.
The voltage drop of the particular is

VS = D { VST + VS + VST +

A + VS gy + V8"
The individual node voltage drop of the sequence node
set

V8% = V3% (. D% (R'cosQ +
i=l

X"sinQ ))



The power loss of joint node feeder and all associated
sequence node feeder

PJSNm = Z (PJSnml + PJSnm2 + PJSnrl13 +

" + PDSnm] +
PDSnm‘1 +

.................................. + PP ey T PP )

The power flow of nth joint node of the sequence joint

node set for mth joint node if all connecting nodes are

demand nodes

pisn Z ( PDSnm] + PDSnmz +
PDSnm3 + PDS"m4 + .+ PDsnm(n-l) + PDS"mn)
The power loss of the nth node of the sequence node set

for mth node
Psnmn = 3(ISnmn )2 Rni DTi

Total power losses is
" 14
Plp! P (Z Pac:lli )+ Pamlss + Frossf z paeu
i=1 i=l

Paccuss + PJSNm )}
In this case demand loss is same for all possible
complete routes of the feeders, For this reason demand
loss is ignored. All fixed cost are also ignored.
Cable cost of jth feeder segment of the feeder branch of
ith load substation route is
CCbij = Di Cchij ( 1 +IR/100.0 )PNL
Total cable cost of the network is
m i

Cou= 2D, C
i=1 j=1
Cable installation cost of jth fesder segment of the
feeder branch of ith load substation is
C ™ =Dy C™ (1 +1R/100.0) ™
Total cable cost of the network is
m  bn

ZZ Cmtij
i=1 j=I
Total power loss cost is

Cipt =8760L Py Crounlre
Total variable cost of the network is

Tvcn = Clcc '{"Ciic + Cspl
The type and size of cable depend on voltage level and
required current flow and current density in the feeder.
The type and size of cable are selected from table of
standard cable according to the input voltage level of the
feeder and current flow of the feeder.
Current flow of ith feeder is [; and I is current of
standard cable, G, Ied is also equal or nearly greater
than [; compare to other rated current of standard cable,

Clic =

The cable size and type of ith feeder will be G as
primary selection.

Economical cable size and type are selected
after primary selection of cable size of all feeder routes.
Total number of feeder type and size are considered in
the following way:

If N, is the total number of standard cable size
and type of data bank and N; is the number of primary
selection of jth feeder of the feeder branch of ith load
substation then the difference between N, and NP%; will
be

D' = Nes - N%;

The final selection of cable size and type will be
selected between NP and Ng,. Maximum voltage drop
of the feeder route of load substations have to be
determined after primary selection of cable size and
types of all feeder branches. According to descending
order of voltage drop of feeder route of load substations
the cable size and type of each feeder segment of feeder
route of load substations are determined.

Cable size and type of all feeder segments are
selected which are economic after justification of all
feeder type and size of feeder segment of all branches.

3.1 Notations

Dijx is the distance from jth node to kth node that is

the distance of ith branch of feeders

Xj.Xx  are geographical horizontal co-ordinates of jth
node and kth node respectively

Yi-¥« are geographical vertical co-ordinates of jth
node and kth node respectively.

c™ indicates calculated node number of the
calculation module

AC™ indicates actual node number that is designed
by the planners

CD™  indicates calculated demand node number of
the calculation modules

ACDyy indicates actual demand node number that is
designed by the planners

VD" indicates the allowable voltage drop that will be
maintained each segment

VDY indicates the limitation indication of voltage
drop that is assigned by planners of the
proposed network

VL Voltage level of the network

IR indicates the interest rate of total investment

PNL  Planner’s proposed network life

Pyegnny+ indicates the position of 1" node of nth
sequence of node selection



Paeny+2indicates the position of 2% node of nth
sequence of node selection

Nm 1* node of nth sequence of node selection
N2 2" node of nth seq. of node selection
ATRR; indicates the approximate transformer rating for

ith node point of demand node
DL; indicates demand load of ith node
AEF  is approx. efficiency of the transformer
™ is actual efficiency of ith load node transformer

1
P*!.  isactual iron loss of ith load node transformer
P**  is actual cu loss of ith load node transformer
T, is the transformer rating of ith demand node
RT™ s required transformer rating of ith load node
DL™  is the demand load of ith demand node
RT*®  is the required transformer rating of source
) substation
P!, is the actual iron loss of the source substation
transformer
P* is the actwal cupper loss of the source
substation transformer
AT¥  is the actual transformer rating of the source
substation
P, is the position of internal database of nth
) transformer rating
pi, id the position of internal database of iron loss
of nth transformer rating
Pl is the position of internal database of cupper
) loss of nth transformer rating
P".. is the position of input source of nih
. transformer rating
pil. id the position of internal database of iron loss
_ of nth transformer rating
P id the position of internal database of cupper
loss of nth transformer rating
1% is the current rating of ith demand node
T is the required transformer of ith demand node
VL Voltage level of the networ
SN, is the node sequence indicator for mth node
Sm is the sequence node set for mth node
Sty I8 the (n-1)th node of the seq. node set for mth
node
S is nth node of the seq. node set for mth node
JSN,  isjoint node seq. indicator for mth jont node
IS, is the sequence jojnt node set for mth joint node

JS 1y Is the (n-1)th node of the sequence joint node

set for mth joint node

is the nth demand node of the sequence joint

node set for mth demand node

DS"y-ny is the (n-1)th node of the sequence demand
node set for mth demand node

anmn

DS8"nn s the nth joint node of the sequence joint node
set for mth demand node
DS,  isthe seq. demand nede set for mth load node

DSy is the (n-1)th node of the sequence demand
node set for mth demand node

DS"m s the nth joint node of the sequence joint node
set for mth demand node
N, s the current flow of the sequence indicator for

mith jont node
5"ty is current flow of the (n-1)th node of the
sequence joint node set for mth joint node
is current flow of the nth demand node of the
sequence joint node set for mth demand node
195" a1y is the current flow of the (n-1)th node of the
seq. demand node set for mth demand node
1?5 . is the current flow of nth joint node of the
sequence joint node set for mth demand node
958 ey is the (n-1)th node of the sequence demand
node set for mth demand node

15n
I mn

IP5% . is the nth joint node of the sequence joint node
set for mth demand node
VSN, s voltage drop of the node sequence indicator

for mth node
VS ey is voltage drop of the (n-1)th node of the
sequence node set for mth node

VS"., is voltage drop of the nth node of the sequence
node set for mth node

™. is current flow of the nth node of the sequence
node set for mth node

D"; is the total distance of ith hidden node of the
nth node of the sequence node set for mth node

RY is resistance of i number of hidden node of ith

node of the nth node of the sequence node set
for mth node in ohm/km

XN is reactance of i number of hidden node of ith
node of the nth node of the sequence node set
for mth node in ohm/km

PN Qis the power loss of the sequence indicator for
mth joint node, power factor of the feeder.

P oy is power loss of the (n-1th node of the

sequence joint node set for mth joint node

is power loss of the nth demand node of the

sequence joint node set for mth demand node

PDs“m(n.l)is power loss of the (n-1)th node of the seq.

demand node set for mth demand node
mo 15 power loss of nth joint node of the sequence
Joint node set for mth demand node

PP nyis the (n-1)th node of the sequence demand

node set for mth demand node

is the nth joint node of the sequence joint node

set for mth demand node

B is current flow of the nth node of the sequence
node set for mth node

DY is the total distance of { number of hidden
nodes of the nth node of the sequence node set
for mth node

JSn
P mn

PDSn

DSn
| mn



L 24 km

RS is resistance i no. of hidden node of nth node of Gea Gz Quz
the seq. node set for mth node in ochm/km & s
Figss,n  is loss factor & total no. of load substation e
C*;, s cable cost per km of jth feeder segment of ith L ,2 ol
. demand load substation route. fe V A
C™, is cable installation cost per km of jth feeder G| Ghofon G fao
segment of ith load substation route. Gea Qe
Ciwh, Log, Iie is cost per kWh, the desired life of networks Gos T ey
and load factor of the network Gis 7
Iy
(ka2 g
@ 4
4. PROGRAMMING STRUCTURE AND ey () o
RESULTS do, 1€ o
(s oy & ‘
The programming structure of the optimal network Gys O
planning is as bellow: Ch 4 o
Maximum Demand Node Mapping module i 9
Number, Maximum (Pyo (g 0
Transformer Number, K,
Maximum branch node Transforme Power loss |
number, Maximum obstacle | | r rating of of each e, 0
cirnnlar nodes N feeder R
Maximum node selection Voltage — —3 . . " .
no., Maximum Node Node, drop of all Minimizing ! ?2 k?‘ Figurz 4.2: Mapping of distribution networks
Maximum Cable size - nodes [ cotal cost The optimal the cable size is as below:
number, Maximum
obstacle rectangular, Cable si l
Maximum obstacle ol?ea:hsme <_l . g : i. 400
feeder [ apaclty 3 %= 200 -
Tiemand T.oad |~> l . % g g
Current Mnul'ltamm | o —3 g™ .
User Input Nede = flow of cach [ gvo tage I AL O~ T~ S I
C ion, rnn
T::::f?:mr nade L———— node number
Parameters h 4 ‘Tr
Rectangular > | Calculation module | Figure 4.3 : Cable Size of Design
“C‘;’;f:'s*’;:‘:l':_f‘c‘:l‘::ms : The KVA rating of transformers are 250,300,200,500,
Nede selection methodology 500,1500,500,630,500,630,300,200,250,500,250,200,15
— 00,2000,2000,500,300,500,200,250,630,630,500,630,63
Cireular obstacles Optimal solution ¢ 0,2000,1500,500,630,250,630 sequentially.
location, Source

substation location > _v } Tr

Main Input Data Rescurce

Figure 4.1: Programming Structure of Optimal Planning

Solution of Distribution Networks
An example of distribution network is considered. In
this case 57 nodes are used in which 35 nodes are load
substation nodes and 21 nodes are joint nodes and one is
source substation node. The output screen is generated
24X32. The maximum area is considered 23.333X30
square km. The ratio factor is considered 15. The source
substation rating is 17.5M VA, The limitation of voltage
drop is considered 4%. The mapping of the network is
the output of the solution programming which is shown
as below:

5. CONCLUSION

All feeder voltage must be maintained used defined
voltage drop to select optimal cable size and type in the
entire networks by considering proper calculation of
user defined load. Minimal capital investment was the
key role to select optimal cable selection.
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