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ABSTRACT

This project presents a way for network reconfiguration offrgdial

systems based on fuzzy multi-objective approach.

Among various types of distribution systems, radial distripution| sfstems are
the most commonly used one in our country, because of low initial g off this system.
increased

d feeder

But|end customers might face the problem of large voltage drop. Therg yillp
pov}’er loss, voltage drop, current flow beyond capacity in the br{n‘h

imblalance when load varies. To avoid these problems, reconfiguratfol stribution

sysﬂem is done.

t between

n certain

Tie line switches (which are normally open switches) will err
feeciers; they are used to reconfigure loads to a different feeder degegdi
yst

initially a

obje}ctives. This is called network reconfiguration. To reconfigure thefs;
tie Iline switch is selected and closed so that a loop is formed and any dnd o branches

pened to

(wnLch are normally closed switches) present between the loads in thd 1§o
mai' tain radial structure in which all loads must be energized. Load ﬂl« olWtdn process
is used to find node voltage, line flows, losses, line and feeder cu
cor:_t guration. These are used to validate the best configuration.
? Multiple objectives are considered for determining which Tndh hould be
repl

Ope*'ned. Load balancing among the feeders, minimization of

minjmization of deviation of node voltage, and minimization of brancl cprrgniffconstraint

violgtion are the four objectives considered. These four objectives frg

fuzz%y sets to evaluate their nature and the above objectives are conve tg

fun1tions. After each reconfiguration, membership values are noted the

' T . 3 ~ . + v 3 |
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CHAPTER 1
INTRODUCTION

-

1 MOTIVATION FOR THE WORK BEING CARRIED OUT

pfoblems during distribution. But most of the work carried out so far

rdduction as the objective for netwerk reconfiguration. Other {3

voltage drop across end customers and feeder load balancing arc

reconfiguration. In our work multiple objectives like, minimization| of re

minimization of deviation of node voltage, minimization of branc

vi'olaiion and load balancing among various feeders are considered] frr

relconﬁguration process.

1 F STATEMENT OF THE PROBLEM

; In India most distribution networks are confrgured radipl

mitlal cost of this system. But end customers might face the probld
dr};p. There will be increased power loss, node voltage deviation, g
capacity in the branches and feeder imbalance when load varig
pri:)b]ems, reconfiguration of distribution system is done.
1.} OBJECTIVE OF THE WORK

o { To develop nodes beyond branches algorithm for load flow analys

o i To develop load flow algorithm for radial distribution network.

Network reconfiguration is done in radial distributidn

(

11

i

CAbrs

Sy

11

(3t

Cu

1

5.

I3

1

nf of]

| &

Feh to handle

Esfonly on loss
like reducing
ofsidered for
Igpower loss,

constraint

gorming the

use of low

IFge voltage

cnf ffow beyond

Tq

void these

o} To reconfigure the radial distribution system with the following mgl§ 0]:r1lives

b They are:



1.4 ORGANIZATION OF THE REPORT
This report is organized in 7 chapters including this chapter. 7]

what follows.

h

4K

I

Chapter 2 of the report gives a briet insight into distribufidn
components of a distribution network, radial and ring main systems, the
digadvantages are explained.

Chapter 3 explains the process of network reconfigurgtipn,
mgthodology, objectives considered and how heuristic rules are llL
pracess.

Chapter 4 explains the method adopted for radial load flow soqufio
mdthodology is stated and the entire process is explained with the help bf

alqorithms. A sample 28 node distribution system is considered an

sol|ution methodology are presented.
i

f In chapter 5 introduction is given to fuzzy set theory, ho

functions for the multiple objectives are framed in fuzzy environnfeft

oplion is validated in fuzzy environment using deterministic approach
|

g Chapter 6 explains the network reconfiguration process usigg

andl an algorithm is given for the entire process.
b

‘ Chapter 7 explains the entire simulation process and the ref

iV

1S

feeder sample system consisting of 13 branches, 16 nodes and 3

corrsidered for the simulation process and the results are presented. In

objectives of the reconfiguration process is also explained in this chap#en
b

OLOGY

1.5! METHOD
: In our work, network reconfiguration of radial dis

N
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refnent in the

Pi] system is
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DISTRIBUTION SYSTEM
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84|

to
th

m

consumer with the distributor,

fe
gi

1 DISTRIBUTION SYSTEM

cahying capability.
A distributor is a conductor {rom which tappings are taken for qul i

.2 RADIAL DISTRIBUTION SYSTEM

If the distributor is connected to the supply system on only opd

CHAPTER 2
DISTRIBUTION SYSTEM

e

A distribution system is a network of conductors consis
(1) Feeders
(2) Distnnbutors and

(3) Service lines

A feeder is a conduclor joining sub-station with the locality, v

me throughout. The conductor used as a feeder should have the

g o

re
stributed. Generally no tappings are taken from the feeder hence thg lu:[rrt.

the individual consumers. Therefore, it causes voltage drop fa
roughout the length of the distributor. For designing a distributor,{v

hin consideration.

eder, then the system is a radial system of distribution. The simp

ard alwave flowe awav frovm the cource Where each comnanent has

d
b1t

A service line is a piece of small conductor, which joins the enf gy o}

e
rad

ben in the figure 2.1. The direction of power flow in a radial sys r[ 19

ith help of
l tructure is

ugambiguous

mifmidnath 148 the
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satisfied by the use of normally open switches.

o Distribution system typically has a radial architecture, a tref

highest voltage to successively smaller sub transmission lines‘

o Radially operated system is highly interconnective, but rpdjal

fhat

nches from

ditions arc

o}t 1
] 1
[0 consumers Sub Tofcgnsumers
Station
o H
-+ .
i 7 ]
| A feeder B fegdey
Figure 2.1 Simple Radial structure
2.1 Advantages
o Simplest, since it is fed only at one end.
o The initial cost is low.
o Useful when the generation is at low voltage.
o Preferred when the station is Jocated at the centre of the load.
P.2 Disadvantages
o In this typc of system, the end of the distributor nearest to the gehergtife station
would be heavily loaded. I



Ly

as shown in figure 2.2,

A B C

vEoy D

Figure 2.2 Radial distribution system

Infthis figure, three feeders SA, SB and SC from a generating station 3
a distributor AC at points A, B and C.

2.3 RING MAIN SYSTEM

o A ring main distribution system employs a feeder which covers

supply finally retumning to the generating station.
o The feeder is closed on itself.
o This arrangement is shown in figure 2.3 where the feeder ABC

complete ring.

o This arrangement is stmilar to two feeders in parallel on differe

o This can be remedied to some extent if the distributor is fed afjajpu "llil,'tl‘ ot points

ae shgwn feeding

trc wlﬁ-le arca of
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3.1 NEED OF NETWORK RECONFIGURATION

cost fis low in this system. But end customers might face the probler§ df I

drop

capa¢ity in the branches and feeder imbalance when load vanies. | Tp

probllems, reconfiguration of distribution system is done.
3.2 METHODOLOGY

so that all of the loads are supplied but power loss is reduced and
enhariced. Reconfiguration also relieves the overloading of network cprhp
change in network configuration is performed by closing tie (normally gpes

and opening sectionalizing (normally closed) switches of the network. THes

are pqg

all thd

greatey the possibilities are for reconfiguration and better the effect €.

years,

of nef

object

NETWORK RECONFIGURATION OF RADIAL DIS’iF

CHAPTER 3

SYSTEMS

In India most of the distribution nciworks are configured radialfy}b

There will be increased power loss, node voltage deviation, curjegt

idse initial

voltage
beyond
id these

erations,

The configuration can be varied with manual or automatic switlh g
i

rformed in such a way that the radiality of the network is {nfai

loads are energized. Obviously, the greater the number of gvftc

considerable research has been conducted for loss minimiza§oh 1
work reconfiguration of distribution systems.
The present work considers network reconfiguration problem fd A :

ves problem subject to operational and electric constraints | Thel -

formul

ation proposed here considers four different obiectives related l+d- |l




-

¥

At| the samce time, a radial network structure must be maintaired a e-l network

-

recopfiguration in which all the loads must be energized. The brEJ Ch ¢ opened

afterf closing tie switch is validated based on the four objectives. These

g abjdtives are

ey

modeled with fuzzy sets to cvaluate their precise nature. Heuristid fulds|lare also

incofporated in proposed algorithm for minimizing the numbef fof ||i# switch
opergtions. There are multiple objectives to be satisfied simultaneously fa ﬂ? promise

musy be made to get the best solution. One solution methodojoky multiple

objegtive validation in fuzzy framework is based on max-min pripdpig

33 anULTIPLE OBJECTIVES

There will be certain rcal power loss when a sub-station is feehi g Eﬂ)
Q

real power loss of the system can be reduced when the system [if r

Recopfiguration is done by selecting the configuration which has min]‘n m|f

loss. Thus, minimization of system real power loss is one of our objectivds

In case of radial distribution system, consumers at end are often 1frc q
t

voltage drop. To avoid huge voltage drop, not many loads should be conzfedted

sub-sfation. If such a case occurs, reconfiguration should be done by fin m which

configuration’s maximum value of deviation of node voltage from sub-galio vgltage is

the least. Thus, minimization of deviation of node voltage is one of our ofid:tiy 4

When many loads are fed by 2 single sub-station, large value ¢f ure; t flows
through the branches, so reconfiguration has to be done by checking whetier rﬂ:
carried by each branch is within permissible limits. Thus minimization of #ra

constraint violation is one of our objectives.

To avoid a single sub-station feeding many loads, we should check ke

of all [feeders not vary to great degree. This objective is called load b1l 1C1

.. ™ el



3.4 HEURISTIC RULES
Heuristic rules are incorporated in the proposed algorithm for +1min1i

number of tie switch operations.

The optimum switching strategics for network reconfiguratiog [0

—

of the researches need to consider every candidate switch to evaluate §
loss peduction and extensive numerical computation is often requifefl.
work] heuristic rules are considered, which minimize the number of ti¢-gwi
Thesg heuristic rules are explained below.

In the first iteration, compute the voltage difference across pf§ o

switches and detect the open tie switch across which the voltage diffgrehc

switch is considered first. It is expected that because of the largest|v

this gwitching will cause maximum loss reduction, improve minimyn] syt

and will provide better load balancing. In the next iteration, the kdne

repeated for the remaining tie — switches and so forth. If, in any iterafigh, 1

voltage difference is less than the specified value (€) then this tie-{wlitcH |

If this maxinmum voltage difference is greater than some specified vakul (é]..

ltag:

he present

en this tie

maximum

eration is

discarded because the voltage difference across all other open tie switchds iali s than (€).

¢
!
t
!
!

|
!
|
’;
i
[
|

i
|
i
;
|
i
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LOAD FLOW ANALYSIS FOR RADIAL DISTBIB

The choice of a solution method for a practical distribhtbon

C not converge.

This method of load-flow involves only the evaluation $ffa s

It is assumed that the three-phase radial distribution nd

J INTRODUCTION

CHARTER-4

NETWORK

ave been solved successively by using this method.

defficult. Generally, distribution nctworks are radial and the X/Rr

this reason, conventional Newton-Raphson {NR) and fast decouplg

kpression of receiving-end voltages. This method is very efficienf
hd fast convergence characteristics. This method can easily inc:uclle

odeling, if the composition of the loads is known. Several radia

and can be represented by their equivalent single-line diagrams.

1 i
H o

ti

b or]

istrfb

[TON

.-

41.1 Sample distribution network
1 2 3 5 78 9 10 1112 13 14 15 16 | ||
19 26
) 23 l
20 27
Y 24 l
21 25 28
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i
[ABLE 4.1: LINE DATA AND LOAD DATA FOR 28 BRANCH §ANHL+
DISTRIBUTION NETWORK |
Branch Sending Receiving R (1) X(n) PL of | G
Wumber End end receiving-eg d kogiving-end) ‘
node {kw e (KV AR |
I | 2 1 TsTie | d7sse 140.00 K “*
2 2 3 11270 (19475 30:00 soa J
‘ -
3 3 4 - 0.9 180 0.5685 £0.00 60.00 I
4 4 B 13667 0.3790 100.00 60.00 J
5 s 6 3.6432 15160 80.00 5000
6 I3 7 2.7324 1.1370 90.00 40.00
7 7 § 14373 0.6064 90.00 40.00
8 g 9 27374 1.1370 80.00 000
9 9 10 3.6432 1.5160 90.00 Rs0.00
10 i0 r 2.7520 0.7780 80.00 Fooo
T ] 12 1.3760 0.3890 30,00 rn.oo T
12 12 3 41280 1.1670 90.00 5[0.00
13 13 4 T 420 08558 70.00 jln,oo_'_
14 14 15 30272 0.7780 70.00 ;lu.oo
i3 is 16 27520 1.1670 70.00 Io.oo
i6 I6 17 40280 0.7780 60.00 éla.oo
17 17 1% 2.7520 0.7780 60.00 Io.ou
i3 2 19 33400 0.9725 70.00 :Ia.on T
19 19 20 1.3760 03890 50.00 .00
ko 20 21 27520 0.7780 50.00 00
B 21 22 49536 1.4004 40.00 1:00
p2 3 23 15776 10114 50.00 ':Imu
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.2 SOLUTION METHODOLOGY

4.2.1 Reeciving cnd voltage

Rirst consider branch 1, the receiving-end node voltage can be wriltdl ks f
V(2) = V(i) I(1)Z(1) | (1§

Similarly for branch 2, |
V(3)=V(2)- I(2)Z(2) 1. ¢}

As the substation voltage V(1) is known, so if I(1) i Enoyid i.c. current

of branch 1, it is easy to calculate V(2) from cquation (4.1).

Once V(2) is known, it is casy to calculate V(3) from pahatipr (4.2), if the

cirrent through branch 2 is known. Similarly, voltages of nodes 4, §.

n ¢asily be
¢

Lo

Icutated if all the branch currents are known. Therefore, a geng d quation of

re}:eiving-cnd voltage

V(m2) = V(ml) - 1 (B) Z (B)

m2 = IR (B)
ml = [S(B)
where B is the branch number. B=1,23,......... NB-1

4.1.2 Branch Current

Current through branch 1 is equal to the sum of the load curreTts of(ldll the nodes
beyond branch 1.

LNI LN}
(1)=? ILG@) + 7 ICG) | Ll
i=2 =2

The current through branch 2 is equal to the sum of the load ftd of all the

L]
&

nodes beyond branch 2 i.e.



4.2.3 Load Current

[The load current of the node i is

IL(1) = (PLG) — JQLG)YV*Q) i=2.3.....NB
[ oad current is calculated iteratively. Initially, a flat vollage of ali
ind load current of ail the loads are computed using equation 4.8,

alculation procedure is described in section 4.5.

*.2.4 Real Power Loss

ﬁ‘lle real and reactive power loss of branch Bare given by:
LP(B) = (B R(B)
LQ(B) = (B) X(B)

4I.3 IDENTIFICATION OF NODES BEYOND ALL BRANCHE}{

g n

A de

L

To run the load flow for the distribution network, the loa

niodcs beyond each branch should be found. This is possible only if fh

tﬁ_e branches are identified. Therefore if it is possible to identify the o
!

iyl

Before the detailed algorithm is given, the details of trle

branches, it is possible to compute all the branch currents. identificat

all the branches is realized through the algorithm as explained below.

identifying the nodes beyond all branches has been discussed. This
t

th exact current flowing through all the branches.

LNI(B indicates branch )

. 2. ks the node count

3.

Nodc(k) is the total number of nodes beyond branch B: and

e

111

il |

)

8 15 assumed

afed load tlow

beyond all
ond all the

des beyond

dology of

L

in finding




beyond branch 2. This will help Lo find the exact current foying t
2.
For each node identification beyond a particular branch, K ¥ill
I. Note here that before identification of nodes beyond a phm'cuI:
to be reset 1o 1.
For B=1 (branch 1) IR(B)=IR(1)=2; check whether IR] B=18(
1=234,...... LNL. It is seen that IR(D=1S(2)=2, RIDAI
corresponding receiving end nodes are [R(2)=3 and IR(18)=49
Therefore, IE(1,1)=2, 1E(1,2)=3, IE(1,3)=19.
From the above discussion, it is scen that node 2 is connect dhto o
Similarly the proposed logic will identify the nodes which al rﬂ
3and 19,

First it wilt check whether node 3 appears in left hand columnttanl
that node 3 is connected to node 4. Therefore 1E(1,4)=4.

whether node 19 appears in the lefi-hand column of table |. I{
1s connected to 20. Therefore, 1E(1,5)=20.

Similarly, the proposed logic will check whether nodes 4 andl ¥ arg
any other nodes. This process will continue unless all nodes q

branch 1.

Similarly for B=2. The processes will continue unless all To’ics a

beyond branch 2.

[t 1s continued by considering the receiving end node of branch , jr
0

branch LN1 and in a similar way to that discussed above, the h

identified beyond these branches.

rough branch

mereased by

Al branch k has

or not for

18)=2: the

ted to nodes

1. It is seen

will check

&
=]
=
pahy
=
3
o
j
o
©

nnected to

idehtffied beyond

identified

chd, .......,

have to be

Note that, if the receiving end node of any branch in Figure 44l |s ap

d node of




This concept of identifying the nodes bevond all the hra[a weq] Mhich helps

computing the exact current flowing through all the branc slbeen realized

—
& !

using an algorithm (Figure 4.2) and apphied in the load fiopv 1ue as shown

in the flowchart in Figure 4.2




Read sending end and receiving end

=)yt

Set current node = receiving end

S

Sct branch number
B=i

nodes, total number of no

S—

s agdbranches E

l

of current branch, jj =1

'

[Add current node IE[B][I]J

LI

_1
L il

—

¥es

|

no

' Add current node in IE[B][jj1) :I

1)< = total
branches
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| |
TABLE 4.2: NODES BEYOND EACH BRANCH FOR 28 Bl ANUH SAMPILLE
PISTRIBUTION NETWORK
[Branch Sending ']—_l_{c_c'ain_g_ - __"Naéﬁcﬁmam_- 11 7 ' -'I_'otai-l_l-n_t;fm
NoGi) | Pl | e pranet R
N I T A S 231942023521 24622557208 V1 T 27 1
| 27.9.28,10.11,1213.14.15,16.17.18 |
A D 30 5423522625726 827028 011 ¥R '
] | 16,1718
IS T 4 4567268279280 125145 6kl
! 8
E 4 4 5 5.6,7,26,8,27,9,28,10,11,12.13,14,15, 1601 418
3K 5 6 6,7,26,8,27,9,28.10,11,12.13,14.15.16.1 ¥
"6 6 7 7,89,10,11,12,13,14,15,16.17.18
. 7 7 8 8.9.10,11,12,13,13,15.16.17.18
3 5 5 9,10.11.12.13.14,15.16.17
9 9 o 1011,13.13.14,15.16.17.18 q |
{10 10 It 11,12,13.14,15,16.17,18 [
: Il 1 12 12.13.14.15,16,17.18 - "
Erz 12 13 13,14,15.16.17,18 1T o«
513 13 14 14,15.16,17,18 T 5
g 14 15 15,16,17,18 4 ]
15 I5 16 16,17.18 T 1 3 _'T
16 16 17 17.18 R
17 17 18 18 L j
18 18 19 19,20.21,22 3
Ew 19 20 20.21.22 3 4
s g — — — ——e L — {
T s T h T e e o N i J
R S I L I N |
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is iven in the form of a flowchart and algorithm given below.

44 LOAD FLOW

Once all nodes beyond cach branch are identified, it is ve yleas

lopd current of each node is calculated using equation 8. Once thefnd
bdyond cach branch, the expression of branch current is given as
Node(B)
I(B)=> IL {IE(B,i)}
i=1

Initially. a constant voltage of all the nodes is assumed and load kdrre

uging equations 8. After load currents and charging currents hachc I (
currents are computed using equation 12. The voltage of each no

uang equation 3. Real and reactive power loss of each branch {ska

eqiuations 9 and 10 respectively. Once the new values of the voltageq of]

colmputed, convergence of the solution is checked. If it does not cprjver

a.nb charging currents are computed using the most recent values 4f fhe

cirent flowing through each branch as described in section 4.3 ”orlit

v jo calculate the

'leIS purpose, the

are identified

are computed

Iguiated, branch

e calculated by

ated by using
the nodes are

then the load

wt|Jole process is repeated. The convergence criterion of this proposgd mdthbd is that if, in

su*:cessivc iterations the maximum difference in voltage magnitydg (Il

thz}n 0.0001p.u, the solution has then converged.
Ti;is method for distribution load-flow algorithm for solving radial ¢5u

fh§tion networks
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4.4.1 ALGORITHM FOR LOAD FL.OW

Biep | Start

and the substation voltage V(1)
Ptep 30 Assume a flat voltage start, i.e 2 V(1) = = 150 for =23,
Set VV(i)=V(i) for i=2,3,........NB

$icp 4: Read line data R + jX and load data PL -JQL mpu value

Sitep 5: Start a loop for continuous iteration until a specific conditiorys

count k=0, set DVMAX=0

S’;tep 6: Calculate load current IL (i) for all nodes i=2,3,. NB. By usirrg
IL(1)=  PL@)-jOL®G)

V(i)

Sitcp 7: For the first branch get the no of nodes and all the nodes bedo

Silep 8: Calculate the branch current which the sum of the load currerft

| beyond that branch

S:lcp 9: Calculate the receiving end voltage for the branch using forml

Y (m2) = V(nl) - 1G)ZG)

Sikep 10: Calculate voltage deviation at receiving end node m?2,

' DV (m2)=ABS[V(m2)-VV(m2)]

siep [1:if DV (m2)>DVMAX then DVMAX = DV(m2)

Siep 12: Repeat steps 7,8,9,10,11 for all branches

Blep 2: Read the no of branches, starting bus 1S(jj} and ending bus 1R@)) df

L -

ach branch

LB Rnd

tisicl set iteration

eqn]

d 1l:et>ranch
f4 e nodes

Sﬂlep 13: Check condition is DVMA X< if not satisfied sct k=k+1 and \ V{h@=V(m2)

Form2=2,3,..... NB and continue the loop

Stbp 14: It satisfied, the solution has converged. calculate line losses 1ni P

nfithe



data and load data.

Read substation voitage V(1), line

Assume a flat voltage start, i.c.,
V(i)y=V(1)=1<0° for i=2,3,..
Set w(i)=V(i) fori=2,3.... NB.

. NB.

k4

3

f Set iteration count k=0

;FromB N

r

? Set DVMAX=0.0

5 Calculate IL{i} and
IC(0)
Fori=2,2,.. NB

¢

i | Calculate branch currents
; using egn, 12

|

]

From A

L

DVMAX< ¢

/

\

Set w(m2)=V{m2}
for m2=2.3, . NB

To B

Set m1=I8(jj) and m2=IR(jj)

V(m2) by using eqn. 3

Compute receiving end voltage

[Calculate absoiute change in voltage
bt node m2 =ABS(m2)|-lw(m2)|

Is
DV(m2)=DVMAX

Yes

.

Yes

N/

r

bolution has
tonverged

r

Calculate line

83, line flows
Ec and print

quircd data,




DISTRIBUTION NETWORKS

FABLE 4.3: LOAD FLOW RESULTS FOR 28 BRANCH SAM

PALE

[ Node

Voitage 'tnagf{i{ud-aﬁjﬁ}

Node

Vollag :

i

fhag ade([;jj)
number number I
(I 1.00000 | s 0.5653%q 4 .4I0?695 |
2 0.952547 g_mi_x_??_ 16 0.556412‘ dAalisers J
3 0.903954  ~0.462133 17 0.5482931 J4oses !
4 10877864 —0.602502 13 0.545443 ‘.4I152'47 1
B 0.86124  -0.689426 19 0.943341 dofsmsz
; 6 0.799474  ~1.00981 20 0.941347 ¢.0f85?85
7 0.759775 ~1.22681 21 0.9383848 .ﬁ.o.lzmgs
8 0.740213 - 1.34838 22 0.93687 | JbJ45165
9 0.706714  .1.58672 23 0.89801p | <p:-§33519 |
P10 0.666162 - 1.87992 24 0.89454p | Jb:R67268 |
11 0.640667  .2.35193 25 0.89106§ | ~D:§0989¢ \
b2 0.629537 ».2.55791 26 0.795698 | Il 46197
‘ 13 0.601048  ~3.1267 27 0.79439% | -l| 47989
14 0.579045  ~3.75607 28 0.79373% | | gssss |



CHAPTER 5
|FUZZY SET THEORY AND VALIDAFIGN IN
FUZZY ENVIRONMENT




CHAPTER S

FUZZY ENVIRONMENT

5.1 INTRODUCTION

The concept of fuzzy logic was conceived by Lolfi Zadely

L

FUZZY SET THEORY AND VALIDATION IN

fiversity ol California at Berkley, and presented not as contrd

i

asi a way of processing data by allowing partial set membcrshr -allle

sci membership or non-membership. It is derived from Ruzzy sct
re:ﬁsoning that is approximate rather than precisely deduced from

lobic.

Fuzzy logic is a problem solving control system mecthogojogs

iteieli' 1o implementation in the systems ranging [rom small,
micm—contmllers to large, networked, multi-channel PC or work
aciquisition and control systems. It
cc]mbination of both. It provides a simple way to arrive al a
baised upon vague, ambiguous, imprecise, noisy, or missing input

5.2 MEMBERSHIP FUNCTION

Tl]\e membership function indicates the degree of satisfaction of t

values of unity and zero, respectively. On the contrary, fi

vdrying degrees of membership function values from zero to

ekt theprv  ie an extencion of standard =et theorv, The membershid _unﬂtl 1

In the fuzzy domain, each objective is associated with a mh::ibiﬂs
e o

crisp domain, either the objective is satisfied or it is violated. inIl ing

1dory
I‘lssl'

can be implemented m hul ark,

J lnlr
njormya

@

])T ssor al the

wWlology but
than crisp
aling with

cpl predicate

that lends

el einbedded

R m;ﬂ
atignf based data

oftware or

conclusion

p function.
tive. In the
embership

entertain

‘hus, tuzzy

consist



dharacterize fuzzy members.

&

(X}

l‘o P — — — — e —

0.0

0

Classical {c

Fuzzy set A

Men
funet

ih the given set, 1 describes a fully included member. ‘The \»'al+c

Figure 5.1 Fuzzy set and crisp set

' RECONFIGURATION

There are four objectives which determine which branch sh

oop to maintain radiality. Fuzzy set theory is used to validate all th{

i__ndicates the degree of satisfaction of the objective. In the crisp set,fegh
éatisﬁed or it is violated, implying membership values of unity
&)n the contrary, fuzzy sets entertain varying degrees of membershig f
JE:cro to unity. The membership function consists of a lower and

fogether with a strictly monotonically decreasing and continuous fi

objectives which are described below.

q

$.3 MEMBERSHIP FUNCTIONS OF DIFFERENT OBJECTIYE

g

sp) St p

of X 9]

1

bftdeen O and |

rship

S HOR

eppened in the

pgid
tigng. In the fuzzy

llogic, each objective is associated with membership function. The fm

hip function
objective 1s

zafo] respectively.

values from

ound values

of for different




5.3.1 Membership Function for Real Power Loss Reduction (uL

—

pf the sysiem.

The basic purpose of this membership function  is to redups

— .

X; = PLOSS (iWPLOSS"  fori==1,2,3... Ny
pVhere,

b . .
Branch, when k" tic-switch 1s closed

PLOSS (i) = Total real power loss of radial contiguration ¢f

if:ranch in the loop is opened.

PLOSS” = Total real power loss before network reconﬁguriiun

EFquation (5.1) indicates that if Xi is high, power loss reduction is 1

Ni = Totlal number ol branches in the loop inc]uc*m; i

At

o

helB

the] idlal power loss

RIS
tem when )

. pence a fower

membership value is assigned and if Xi is low, the power loss redud .iTna.iH:l gh and hence

o : N
h higher membership value is assigned.
_s

il'he membership function for real power loss reduction 1s given in Hi_&‘me 5.

Figure pL; can be written as:

EPLi =( Kmax— X (1)) "(( Kinax = Xinin)- Kepin = X [1) < Xiax

i.lLi =0 for Xi 7= Xmax

F. From




N

—_

jodes voltage should be  less.

swilch is closed

NB = Total number of nodes ol the system

=

”S = Voltage of substation (in per unit)

-

unit}
| If the maximum value of nodes voltage deviation i
ri'nembership value is assigned and if the deviation is more, then
\ialuc is assigned.
he membership function for Maximum Node Voltage Deviation
rom figure 5.3 uV; can be written as:
V= (Vo= Y)Y = Yoin)e Yoo <Y (D) <Yy
E
)iNi =1 for Y (1) <=Y umin
BV: = 0 for Y (i) >=Y s

;
. F 3

1 -~
pViT

o |0 t 1

Yi Ymin Y [UIHEY

Y

The basic function of this  membership function i1s tha |t

Yi=max [Vij- V] fori=12, . Ne J=L2....., NE

N, = Total number of branches 1n the loop including the tie Branch et

ij = Voliage of node j corresponding to the opening of the ith bra:ﬂhrn [

ngi\ ;

| sREY

3

3.2 Membership Function for Maximum Nodc Voltage Deviati nn(p]]’il
deviation ol

g kth tic

Jefoop (in per

an a higher

affoded membership

in figures.3.
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value is assigned.

—

The basic purpose for this membership  [anctig
branch current constraint violation.

Branch current leading index Z(1) = [1 (1, m)[/ I¢ (m

For i=1,2... N,
m=1,2... NB-1

%Nk = Total number of branches in the loop including the tie bragc
tie switch isclosed
%I(i,m)= Magnitude of current of branch-m when its i ™ brancl i
1. (m) = Line capacity of branch-m

r NB = Total number of the nodes of the system.

'When the maximum value of branch current loading index  exge

';membership valuc is assigned and as long as it 1s less than ¢

imaximum membership value is assigned (i.¢., unity).
F

tThe membership function for Maximum Branch Current Loading Ihg

;fFrom figure 5.4 uA; can be wrilten as;

l P-Al = (Zmax -Z (1)) "!( Zmux - Zmin ) . Zmin <Z (1) < Zlmx

}JAi: 1 for Z; <= Zuin
},lA] = {} r(}!' Z| == ZH]HN

ind if the minimum system voltage is less than or equal to 0.90 p.uf. e

5.3.3 Membership Function for Maximum Branch Current Logdng

F

Rk

13

t

qu

=4

whin the 1

degp membership

:ix ex (LA;)

d minimize the

—_

«lh

i [pop 1s opened

Julity, a lower

1o unity, the

¥ given in tigd.4.

t




Tt

#s long as the branch currents of the system are less than or equal

gapacity, unity membership value 1s assigned and Zmax 1.1}

verloading is allowed for each branch and if in any branch, the CL]

pqual to 1,15 times the line capacity, a zero membership value 1s as

;5.3.4 Membership Function for Feeder Load Balancing (pB;)

Load balancing is onc of the major o]

' c:[ avily loaded
fged Feeder load

ieconﬁguration. An effective strategy to increase the loading marg
iéeders is to transfer part of their loads 1o lightly loaded

balancing index may be given as

FLBi._i = (IFF;m‘“ - IFi_j) / IFFimnx

n this case, Zmin =1.0 and Zmax =1.15 have been considered. anill =

I ()l
r—

Windicates that

espective line

M&es that 15%

reater than or

5 of feeder

: fori=1,2... Ny
; i=1.2..NF
?thrc,
Nk = Total number of branches including the tie branch 1b the Pop when
k th tie switch is closed
NF = Total number of feeders
IF;; = Current of feeder j corresponding to the opening :Jﬁ 1 1R Wranch in the

loop

IFF,"* = The maximum of all the feeder currents corrcsponc*ng

of the 1 th branch in the loop

! U =max {FLB, ),

Fag 1 .1 O T

jof the opening




R

q.ifrom figure

A

The membership function for Feeder Load Balancing is given in figdrs

4.5 uB; can be written as:

l Bi = Ulnalx - U (1) ’ff U:Il\il?i - Umin . Ulnin < U U) < Uln:lk
t Bi =1 for Ui == Umin
L Bi=0 for U;>= U
] F 3
1
PBiT
o | ——> 1 J ”
Ui U min Mmix

! Figure 5.5: Membership Function for Feeder Load Bajangi

'
1

iln this case, Umin = 0.10 and Umax =0.70 have been constdered. .10 indicates

i
!that the maximum deviation of feeder currents will be 10% with refp :ctnlo he maximum

lvalue of feeder curent and if this deviation is less than or eqila] ta] 1P%, the unity

Imembership value is assigned and Umax =0.70 indicates that if tijdeqigtion 1s greater

!1han 70%, a zero membership value is assigned
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4 VALIDATION IN FUZZY ENVIRONMENT
(DETERMINISTIC APPROACH)

n

proach. When there are multiple objectives to be satisfie
mpromisc has 10 be made to get the best solution. One solution
rhulti-objective optimization in fuzzy framework 1s based on max-1y

e proceeded are:

tep 1) For each option considered, the membership values of all tlJPe

ejre evaluated.

For example, when the k'™ tic switch of a distribution systefufis

ﬁormcd with Ny number of branches in the loop. Now, opening eali\lbr
t

ils an option. After opening the i branch in this loop (radial stru
ioad-ﬂow run was carricd oul to compute

.' uLi, pVi, pAjand uBg, fori=1,2......... Ny

#tep 2) The degree of overall satisfaction for this option is the minhrr:m

mumbershtp values.

Now, a fuzzy decision for overall satisfaction may be defj'uf [ ay |

katlsﬁes the entire objective and if we interpret this as a logical *

n n.'
[Nlth the intersection of the fuzzy sets. In the present work, classical ({zz

Fs used and the fuzzy decision for overali salisfaction is given by,

! Dy ;= min{pLi, uV;, pA;, pBij fori=14,2......... N

'Step 3) The optimal solution is the maximum of all such overall Igref: ¥

INow a fuzzy decision for an optimal solution may be defin

|m’1x1m12n,s all such overall degrees of satisfaction and if we interprgt

The required switching operation producing best rcsulr

re

as

s f | d using this
sin uI ancously, a
nfethpdpiogy tor the
i] podiple. Steps to

Hiffprgnt objectives

ed, a loop 18
in this loop

s fetained), the

Gl all the above

e choice that

Fd can model it

t intersection

Qf satisfaction.

choice that

i
O o - aw rw . 1 .1

R

hiT ad a logical “or

T T A



CHAPTER 6
I NETWORK RECONFIGURATION |JSING
FUZZY VALIDATION
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ny

1 ALGORITHM FOR NETWORK RECONFIGURATION

CHAPTER 6

in the present work, heuristic rules are considered
ymber of tie-switch operations. A complete algorithm for the p
- network reconfiguration process is given below.

Read system data;

Run the load-flow program for radja! distribution networks:

FLL 20 nge);

s

:" (i.e., for OS \ = max {Dy, i} fori=1, 2, Ny).

9

o2
3
1D. Print output results.

1F Stan

' inciuding the tie branch when the tie switch “k™ is closed;

hkch ]F

-

OpOoSeE

NETWORK RECONFIGURATION USING FUZZY YN I]iI)ATION

Ihimize the

method of

Compute the voltage difference across the open tie switches (iﬁc | A8 (1) fori =

Identify the open tie switch across which the voltage differend
its code k (i.e., AV, max = AV (k));
If AV e, max< AVye, go to Step 6; otherwise go to step 10;

| Select the tie switch “k™ and identify the total number of ]bJFp

i Open one branch at a time in the loop and evaluate the menjbprshy

each objective and also evaluate the overall degref

Himum and

of]

i.e., for i=1 to Ny compute uLi, uVi, pAiand pBi using equT ns|

4.10 in chapter 5,respectively and evaluate: D ;= min {pLt,

Obtain the optimal solution for the operation of]

nge = nge - | and rearrange the coding of the rest of the tie switd

h%s and

ieTintch

rahches (Ny)

value for
atisfaction
D, 4.4, 4.7,
| uBi};
“p

go to Step




6.2

.
.
3.

A DETAILED ALGORITHM FOR NETWORK RECONFIGUR
USING FUZZY VALIDATION

. Find voltage difference between all tie linc switches

. Find the number of SS's which are not involved in tic line switcHin
. Print all the SS's which are not involved in tie line switching
. Add the details of all branches involved in the loop to their respept
. First add details of branches which are present in left of the tie lijg
. Then requires arrangement of the branches in left in top to botto

CAAAd the tie line switeh detasle 111 the e o e

Enter the number of substations in the distribution system

AT

For each subslation enter the number of branches and find the nfu

For cach branch enter all essential details like Branch No, Staife f]

node, Resistance, Reactance, Real Power Load and Reactive Po

. Give index value as 0 for all branches: To be used to find brafde

n e loop

Assign input details to array SS1 which is sent to load flow algqrifhmg

to find load flow details before reconfiguration

Enter the number of tie line switches involved in the distributioq S

For each tie line switch enter essential details like Tic No, $tdrt

Branch No, Start node, End node, Resistance and Reactance

Calli load flow algorithm before tie line switching

Print all the load flow details (current, losses, voltage) of all Sk

by

ri

€S

[ nodes

involved

be used

5] End SS,

=

3 amdlﬁnd total
real power loss of system, maximum node voltage deviation agdl detidion from

maximum feeder current.

. Find the tie line which has greatest voltage difference and assigh fhat

to be closed

L1 L=

tig to be tie

array’s



)

.To find lead branch: [ the branch's starting node is present fin im;ia then the

branch's previous branch which is present in loop becomes | b El%I:h but it
|

starting node is not present in loop then previous branch's tead b ]ch )%3 EOmes its

tead branch |

2P. The branch (normally closed switch) to be opened is stored in vafigplely

| &)
T3

. S8 is a muliti-dimensional array to store alt S8 details afler respe tive gwilching
operation is done
2p. Intialize all values for SS's involved in loop to 0

2/5. Store details of SS's not involved in loop in SS

26. Call tie algorithm; Finds which branch is present in which S hfler dpgning the
i nommally closed switch (go to step 43) '

ZP. Run a loop for all branches not involved i loop

Y

2'8. Find; to which substation the branches not involved in loop should pe rglgcated to

2'9. Run a loop for both substations; run a loop for all branches i that|[8Y; If lead
[ branch is available in that SS then assign the branch to that SS|eke b fhe other

SS.

;
3. The entire reconfigured system is stored in other array $S1 so thag if cap Ye sent to
t Load flow algorithm.
3il. bl is used to count the number branches in the SS after reconfigufafion] B is used
. to store the details in SS to SS1 in ascending order
3!2 Print SS details after reconfiguration
3i3 Call the load flow algorithm after reconfiguration for all SS
3!4. Print all the load flow detatls{current, losses, voltage) of ali 8S's

SES Fuzzification process is done

3%. Find total real power loss for all receiving nodes; find feeder clant i(] all S§;
\J’

Find difference b/w voltage of all nodes and S8 volt: Find the mbdniknlvolt i1



ot

b_ Print the details of all 88 afler optimal switching operation

e

}. Reassign system details after reconfiguration;

neglected so reduce the number of tie line switches by 1.

e

steps from 8 to 41

Tie algorithm

4B. Run the loop for all branches unti} switch opened is found

!

Load flow algorithm

It is gxplained in chapter 4.

i

Fuzzification algorithm

Fuzzy membership functions are found for all four objectives, and optifngi n

valuai 1s found using max-min principle as explained in chapter 5.

P

' Start I

L d

Enter the input details of all substations

{

4]. Reassign tie lme switches after reconfiguration; Tie line preyi

P, If number of tie line switches is 0 exit the program otherwise

44. The branches to the left of the branch to be opened are added to t*e eff
4p. The branches to the right of the branch to be opened are added tq the 1'|glt SS but

i in this case starting branch is changed to ending branch and vice ¥

cEsa

rdpey

1 &)

losed 1s

e same

fcpbership




Find voltage difference across all tie line switches and close the rie ,
line with greatest voltage difference (if it is greater than £ ) :

Y

Find the substations not involved in tie line operation

¥

Find the branches not included in the loop formed

h 4

Find all the branches involved in the loop formation

Y

: Open all branches one by onc

r

Each time call the tie line algorithm to find which branch is present i Yhighl
substation after opening any one of the normally closed switch

hd

The branches not involved in the loop are added to the
substation according to the reconfiguration

I

Ruin the load flow algorithm for all the possible reconfiguration syskens

r

The best option is validated by fuzzy multi objective approach. The
$ystem is reconfigured according to that switching operation.

h 4

Continue process for the reconfigured system until all valid tie ljnf
Operations are checked out.
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CHAPTER 7
WORK AND RESULTS
7t1 SAMPLE SYSTEM USED FOR SIMULATION
Figure 7.1 shows the 3 feeder sample distribution system used for Sil+l1l£lli[ nknd
vhlidation of results
| Sis1 2_SiS2 3 SIs3
| 12
i 4.2\. v 134
| 5 14 14
3
* 12
16
] 5 15
| 6 - u 16
Fbgure 7.1: The 3 feeder sample system consist of 13 branches, lﬁhn#de: ignd 3 tie
: line switches
i |
BLE 7.1 LINE AND LLOAD DATA FOR 3 FEEDER SYSTEM I (INEN
ELOW:
!
Brjnch Sending | Receiving | Resistance | Reactance PL of " QL of
10 end end (p.u) (p-u) receivingprfd (] geceiving
, node d node
i _ {MWY VAR)
] 1 4 075 10 2.0 .6 |
2 4 5 .080 11 3.0 | 15
n 4 & Nnoo 10 il MR e




19| 13 15 | 080 | 1 1w I
13 13 16 040 04 j 2.1 '
(Tic) 5 Il .040 04

I (Tic) 10 14 040 04 ‘__}___ -------- i

16 (Tie) 7 15 090 FER !

Bdse: 100 MV A and 23 kV

» Total real power of all recciving end nodes Pi, (total) = 2§ ]Mu’
+ Total reactive power of all recciving end nodes Qt. (otaly = |3 IMY AR

W. follow the algorithm for reconfiguration of the radial distribution §y3ten].
W¢ run the load flow program for the 3 feeders separately. After rufrfing kb load flow
prc}gram we [ind:

| « Thetotal real power loss =0.00613741 ph = W6)3741 MW
, + Maximum voltage deviation =0.045511 phF T]Ox 6753 kV
‘ ¢  Maximum deviation of feeder current =0.222517  p]=¢ .T?46 kA
' » Maximum value of branch current in system = 0.17427 p.[. =0/f5F695 kA

Tie - Line Voltage Difference
5 ] 0.0249971
| 2 0.0170465

3 0.00409079

T‘\e greatest voltage difference between tie line switches is: 0.0249971
TIE LINE CLOSED: is between 5 and 11




/.2 TIE LINE SWITCHING OPERATIONS

F.2.1 Tie line to be closed: 1

$ystem becomes as shown in fig 7.2

S/81 i
; 2 SIS2 3.58
1 € !
8
o T LT
r K o
[ - - U | | u
: 11 2 19 10 14 1
3
F
| 12 18
i o 15 15
Y a 16
4
i 7

Figure 7.2: Tie line switch 1(branch 5) between feeders 1 hijd 2

E
f}sﬁer closing the tie line switch a foop is formed. The branches in th
EIIere to maintain radiality any one of the branches (normally closé

jpencd. The switches are opened one by one from 1,2,5,9,7 to 6]

bzzy membership functions are found for validation and best sy

fbund.

Tie linc switch 1(branch 5) between [ceders | anfd

ey

i q!ll:sed, the

tg operation is




When Branch 1 Is Opcned:

y S/S1 2 _SiS2 3_S/83
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12 &
16 15 15
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Mgximum voltage difference when switch opcned is |
Maximum branch current in the system when switch opened is |
Total loss when switch opened is |2 0.0154888 p.u.

_;
Fupzy Membership values
Megmbership Function for Feeder [oad Balancing uBi: 0
Mambership Function for Real Power Loss Reduction uLi: 0

Membership Function for Maximum Node Voltage Deviation uVi: 0

Membership Function for Maximum Branch Current Loading Index u4i;

Dy {.'alue for switch 1is: 0

Figure 7.3: When Branch 1 is opened system conﬁg#ﬂion

Mpx deviation of feeder current from max feeder when switch opened]i

=S

(9.941231 p.u,
 q1p9652 p.u.

PPO576 pou.

N T - d — P

|

|

|

\ Here after reconfiguration loss and voltage deviatig

il Iinclefcs hence



When branch 2 is Opened : ;
_8is1 2_SIs2 3| p/Sp
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i

ax deviation of feeder current from max feeder when switch opened i 2

t;aximum voltage difference when switch opened is 2
Maximum branch current in the system when switch opened is 2
'I‘é)tal loss when swilch opened is 2
F{uzzy Membership values

mbership Function for Feeder Load Balancing pBi
xmbership Function for Real Power Loss Reduction pLi

rvtnbership Function for Maximum Node Voltage Deviation pVi
M

mbership Function for Maximum Branch Current Loading Index 1AL

D;j value for switch 2 is:

; Figure 7.4: When Branch 2 is opened system conﬁglﬁratiu

—

]

oo o o

(0 P66343 pou.
p62923 p.u.
298475 p.u.

DY798097p.u.
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Vhen branch 5 is opened:
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Figure 7.5: When Branch 5 is opened system config&raﬁon

Max deviation of fecder current from max feeder when switch opencd ik 5100822517 p.u.
Maximum voltage difference when switch opened is 5 0 45511 p.u.
Maximum branch current in the system when switch opened is 5 [0R7427 p.u.
Toptal loss when switch opened is 5 :00Q613741pu.
Fyzzy Membership valucs

mbership Function for Feeder Load Balancing pBi 15497

mbership Function for Real Power Loss Reduction pLi -\

mbership Function for Maximum Node Voltage Deviation Vi 1

MEmbership Function for Maximum Branch Current Loading Index Al : 1

Dy value for switch 5is:0
I




When Branch 9 is opened:
1.5/81 2_S/S2 3 _S/83
1 & 12
8 .
5 11 9 1o 10 14
3
12 =
16......____ 15 15
6 L n 16
) 7

i
|
i

Figure 7.6: When Branch 9 is opened system configlhrntion

ax deviation of feeder cuirent from max feeder when switch openefl § 9tj0p04958 p.u.
aximum voltage difference when switch opencd is 9;: 0.0441712 pT.
aximum branch current in the system when switch opened is 9: 0. 1§58 § phu.

Tptal loss when switch opened is 9: 0.00594819 p.u.

|
I

b

Fuzzy Membership values
embership Function for Feeder Load Balancing pBi: 0.15793
embership Function for Real Power Loss Reduction pLi: 0.061663]
embership Function for Maximum Node Voltage Deviation pVi: 1
embership Function for Maximum Branch Current Loading Index yAf: |

Dy value for switch 9is: 0.0616633

i
|
!
[
|
i
|




When Branch 7 is Opened:

4 S1s1

6k

Fig 7.7: When Branch 7 is opened system configu}afion

Max deviation of feeder current from max feeder when switch opengdfs ﬂ Q631105 p.u.

Maximum voltage difference when switch opened is 7 Of 13336 p.u.
Maximum branch current in the system when switch opened is 7 : (24 6891 p.u.
Total loss when switch opened is 7 - (09858854 p.u.
uzzy Membership valucs
embership Function for Feeder Load Balancing pBi A
embership Function for Real Power Loss Reduction pLi al
embership Function for Maximum Node Voltage Deviation pVi - 5f3328
embership Function for Maximum Branch Current Loading Index 14i: .5[3328
i value for switch 7is :0
|
|
i
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Yhen Branch 6 is Opened: a
/sq

1. 5/51 |/Sq!
4L2\. 5 1 ?i
P |
3
6m » 16

| 7
! Figure 7.8: When Branch 6 is opened system configufafiony

Max deviation of feeder current from max feeder when switch openedlig6:

Maximum voltage difference when switch opened is 6 0
Maximum branch current in the system when switch opened is 6 Fop
Total loss when switch opened is 6 - 0

r
|
I

Fugzy Membership values

Mgmbership Function for Feeder Load Balancing uBi 0
Mgdmbership Function for Real Power Loss Reduction uLi 0
Mgmbership Function for Maximum Node Voltage Deviation uVi 10

Membership Function for Maximum Branch Current Loading Index uA4i:j0
Dy palue for switch 6 is: O

Noj all switching operations are checked out completely
|

|
| -
: s (ireatest value of

*  Qreatest value ot‘i Q06891
|

i



i

ptimal switching operation for real power loss reduction: 9

(

-

ptimal switching operaticn for maximum node voltage deviation: 5

-

Optimal switching operation for maximum node feeder load balancing-§9
Optimal switching operation for maximum branch current loading inde

‘he final optimal solution value is: 0.0616891
The optimal switching operation is: 9

7.?.2 The Reconfigured System :

: _Sis1 2_SiS2 3] SISB
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i Figure 7.9: reconfigured system after tie line switcHIEs dofed

Continue the reconfiguration process with tie line switches 2 and 3.
Vltage difference between nodes of tie line 2is:0.0162804
Vdltage difterence between nodes of tie line 3is:0.0047701

Thp greatest voltage difference between tie line switches is: 0.0162804

'l‘lEF LINE CLOSED:; is between 10 and 14




A

w

th

cl!osed switches) must be opened.

2.3 Tie line to be closed: 2

ystem becomes as shown in fig.
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Figurc7.10: Tie Jine switch 2 (branch 11) betwcen fecdcﬂp ]

After closing the tie line switch a loop is forrd

e loop are 6,8,11,13,12. Here to maintain radiality any one of theH

; The switches are opened one by one from 6,8,]1

Tie line switch 2 (branch 11) between feeders 2 rnl:i 3

[ / - PR,

tlosed, the

13

angh

respective fuzzy membership functions are found for validation

operation is found.

afd

Aher all switching operations are checked out completely
|

| * Greatest value o

» Greatest value o

Greatest value of

l s Greatest value ofjulLi:

V1

-

B A RRGTH

1.0

14

is closed

branches in

s (normally

2 and their

switching

700156




712.4 The reconfigured system is:

, SISt 2_Sis2 SEE ]
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Figure 7.11: reconfigured system after tie line switch #i clgsdd
Continue the reconfiguration process with tie line switch 3.
Voltage difference between nodes of tie line 3 15:0.00268161
The greatest voltage difference between tie line switches is: 0.00268 |6}
TIE LINE CLOSED: is between 7 and 16
712.5 Tie line to be closed: 3 =
Ti¢ line switch 3 {branch 16) between fceders 3lagd W if closed, the
system becomes as shown in fig. :
15051 2 S/S2 3 |§is¢:
1 6 _
:: 8 11 A
4' 2 5 S\N -})ﬂ .
. 5 M4 9 10 1 14 4
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