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Abstract— Service restoration in a distribution system playgsimportant role for a high level of reliabilityf electric
power supply to the customers. In general, aftéaudt location has been identified, the faultedabas to be isolated
as soon as possible. The system operators themjnfétrmation from their customer; use their expaige expressed in
terms of heuristic rules for service restoration.dddition, a number of objectives for servicaoestion should be, in
many cases, satisfied at the same time such ashalimumber of switching operations, no interruptegtomers, no
overloaded components, as much load as possibiereesin the unserved energy area. Therefore, comfse need to
be achieved in order to arrive at a plan which msettte operators’ practical multi-objective requirens. In this
paper, the concept of fuzzy set is employed to wihlthese imprecise linguistic objectives and stmints. Fuzzy
reasoning procedures, where the constraints aneailye aretreatedequallly important, are developed to solve the
multiple-objective optimization problem. The depeld heuristic search algorithm is tested with a ideslitan
Electricity Authority (MEA)'s distribution systefihe test results of the case study reveal thetef@ess of the fuzzy
models in compromising the benefits obtained frloendonflicting objectives and offer a system opmerééexibility to
incorporate his/her own judgement in the model.

Keywords— Service restoration planning, heuristic search ntbod, distribution system, fuzzy reasoning, fuzzyet.

consumption accounts for 37% of the whole country.
1. INTRODUCTION There are two medium voltage levels currently being
utilized: 12 kV and 24 kV. The reliability of MEAsi
evaluated by a number of well-known indices such as
system average interruption duration index (SAIDI),
energy not supplied (ENS) and average system
availability index (ASAI). The main contribution to
values of these indices is the interruption duratim
otherwords, the longer the interruption duratiohe t
greater the indices and therefore higher custorutage
cost.

A service restoration plan in MEA's distribution
system after an outage event is normally perforined
the following sequential steps. First, a systenraioe at
the associated control center informs a systemabpeat

Restoration is an important routine task for electr
power utilities as it directly affects the systesfiability
indices that involve outage duration and the numdfer
unserved customers [1]. When a fault occur somesvher
in a distribution system, the system operatorshat t
associated control center will try to locate thailtfa
location, isolate the faulted zone from the heakingas
and restore the areas outside the faulted zon€.[2-4
These actions need to be performed as soon aslgossi
to reduce any possible impact on the affected cossts.

In general, the purposes of a service restoratian m
most utilities are: 1) the restoration plan mustreached

In a very shor_t time, Il) the loss of load ShO_UId b the dispatching center located in the faulted area.
minimized W'th'.n th_e faulted area [5], 111) the weced Second, the system operator at the dispatchingeicent
number of switching operations should be kept at 454 known as district control center) tries teritify the
minimum, 1V) the configuration (_)f_the resto_red B fault location with the help from the customerstive
should be as close to the original configuration asy teq area. Field staff is then dispatched téaisothe
possible, V) the radial system structure must ieined 5 1teq zone from the out-of-service areas by amgni
after the reconfiguration, and VI) no componente ar pn5 opriate disconnecting switches on the faulestiér
overloaded [3,]' [6-7]. - ! . and closing tie switches on supporting feeders and
Metropolitan Electricity Authority (MEA) iS an  |aterais. Note that at present there are 5 coctaters

electricty distribution utility in Thailand that ses its and 18 dispatching centers in MEA. As most of the
customers in the capital of the country, Bangkakd @ qigyihytion systems in MEA's service area have ynan

two nabouring provices, Samutprakran and Nonthaburi zarais and many tie switches, it may be time-oariag

The services areas cover 3,192°kamd its electricity to determine feasible or proper service restorapiams.
Therefore, the system operators of MEA must rely on
their past experience to reach a good restoratamip a
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time. Although several objectives and constraistis be  causing every load point in feeder YD28 to be
implemented for service restoration in MEA’'s disconnected. Isolating the fault from this systismio

distribution systems, of interest in this paperti®  open the switch in the main feeder betwesw4 and

minimum number of switching operations as the ——— -
objective and capability limits on feeder and later SW5 After that, the circuit breaker can be closed to

loading capacity as the constraints. The methogolsg ~PICk-up some load points; that is, those located on
demonstrated by a 9-lateral distribution feederhwt laterals LAT1, LAT2, LATS, LAT4, LAT7 and I__AT9.
supporting feeders and tested with a 31-lateralfOWeVer, LATS, LATG, LATS, which stay outside the
distribution feeder of Metropolitan Electricity Awdrity faulted zone, have “_Ot.beef‘ yet restored. HOW“‘.’"’
(MEA) with 8 supporting feeders. these Ioa_ld points within this unfaulted zone is ajan

concern in this work. The three unserved load goamt
LAT5, LAT6 and LAT8 can be supported form feeder
YE29 and another three supporting laterals LAT14,
To illustrate the main idea of service restoration LAT15 and LAT17. In general, the service restonatio
employed in this work, consider a sample distritmuti  plan must satisfy the following requirements [&].
system as shown in Figure 1 [2].

2. SERVICE RESTORATION

1. The restoration plan must be reached in a verytshor
time.

2> Load loss should be minimized within the faulted
area.

3. The required number of switching operations should
be kept at minimum.

4. The configuration of the restored system should be
as close to the original configuration as possible.

5. Radial system structure must be retained after the
reconfiguration.

6. No components are overloaded.

From above requirements, the problem is formulated

1. Objective function
The switching operation must be minimized.

2 Constraints

All component should not be overloaded (conductor
feeder and conductor lateral)

SIS Substatior “swansW| Disconnecting SW (NC and N(
0 [ circuit breake o [ Branching poin

Fig. 1. Sample distribution system.

3. FUZZY SET CONCEPT

Figure 1 shows the main feeder with 9 lateralsThe application of fuzzy set has been well docueent
supplying electrical energy frofieeder YD28. From the  for the representation of uncertainty inherent aurel
figure, we can see that feeder YD28 is connected tdanguage and human thinking [1]. The development of
feeder YE29 through a disconnecting switch (normall f,zzy set has provided an effective way of reaspnin
open) SW9. Each lateral has a spare capacity froMyith uncertain environment. The fuzzy set is a grgd
supporting laterals except for LAT9. For exampégetal  concept in which everything can be described asgaes:
LAT1 can be supported from lateral LAT10 through a iy representing the certain forms of uncertainty. |
disconnecting switch SW1 (normally open) asivi appears to be a useful approach and can offerbtaita

(normally close). models to integrate uncertain parameters for thaemwi
Service restoration is fault location-specifigmely, range of operating conditions.
an after-the-fault recovery process varies locatipn A fuzzy set is the generalisation of the classselor

location. As an illustration, if a fault occursgtint A on crisp set in which any object is logically definasl either
feeder YD28 of Figure 1. Circuit breaker CB2 ipped, a member of the set or not at all. Contrary topcests,
leaving 9 laterals LAT1, LAT2, LAT3, LAT4, LAT5, fuzzy sets do not have a sharp boundary, i.e. tisese
LAT6, LAT7, LAT8 and LAT9 out-of-service. Isolating room for gradual transitions. A fuzzy set allowscdnject
the fault requires opening switch SW10 at branchingto be a member of a set to some degree but notzenty
point 10. These 9 laterals is then restored by cuingy or one as defined in the conventional set. The etegf
feeder YE29 and 8 supporting laterals LAT10, LAT11, membership to a set is indicated by a number bet\Wee
LAT12, LAT13, LAT14, LAT15, LAT16 and LAT17. and 1 that is the number in the closed inteval][0AL

When a short circuit occurs at point K (betwegw4 fuzzy set At is a set of pairs of numbers. The

and %) in the Figure, circuit breaker CB2 is tripped me[m]bership function can be mathematically expressed
’ " as [8]:
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A = {(x,4x(x))]XOX, and 0<x<1} 1) fuzzy goal and the fuzzy constraints are chareasdrby
their corresponding membership functions and degwe
be satisfied simultaneously. The fuzzy decision iset
defined as the intersection of all of membership
] o ] functions of the fuzzy constraints and fuzzy ohject
This function indicates the membership grade oféhe fnction(s). It is clearly seen that their conciptns the

elements in the set. The larger the membershipesalu gy mmetry between constraints and objective fun¢sipn

the higher degrees of set membership. Figures 23and {hat is; there is no longer a difference betweerfohmer

show the membership function defined by a crispset 54 the latter.

fuzzy set. . _ _ Let a fuzzy goalG be a fuzzy set oiX characterized
The shapes of membership function can be modeled iy jts membership function.

a number of various forms. Normally, the assignnw#nt

the membership functions are subjectively chosesh an U X > [0,1] )

constructed based on decision makers’ judgment and ,

experience. The most commonly-used shapes are L6t @ fuzzy constraintC be fuzzy set onX

triangle, trapezoidal, piecewise linear and Gauwssime ~ characterised by its membership function.

well-defined basic operations in classical crisfs stich

where 1(x) = the membership function of in A.

as union and intersection are also defined in fisety. e X~ [0,1] (3)
Based on Bellman and Zadeh's concept, the fuzzy
m(X) decisionD is defined by the intersection of fuzzy goal
A G and fuzzy constraint .
14 D=GnC 4)
and is characterized by its membership function
Ho(X) = min(us(X), 4c(X)) (5)
maxt, (x) = max(min(g (), e (X)) 6)

The decision variables corresponding to the satutio
with the highest membership which can be calculated

0 X > from the by Max-Min operator in the fuzzy decisiset
0 X . -
) ] ] ) can then be taken as the optimal decision.
Fig. 2. Membership function of crisp set A. More generally, if there are equation fuzzy goals
G,,G,,....G andm fuzzy constraint€,,C,,...,C, , the
UA(X) fuzzy decision is defined as follows:
A
D=GinG;..nGnCnGCy..nCy @)
T and the corresponding maximizing decision is giasn
= i 8
max 1, () = max(min(H)) (8)
WhereH :ﬂGl(X)YﬂGZ(X)r e ,ﬂGk(X), /'ICl(X)v /'ICZ(X)! ey )qu(X)
HA(Xo)
Membership functio
A

Constraint Objective

3

1_

Fig. 3. Membership function of fuzzy set A. m
pt|

4. FUZZzZY DECISION MAKING

The symmetric model was initially proposed by Beltm
and Zadeh [9] for decision making in a fuzzy
environment based on three basic components: fuzzy
goals (or fuzzy objectives), fuzzy constraints dnekzy 0 X Docision Var;bl(
decisions. It is assumed in this model that theedbje

and constraints in an imprecise situation could be fjg 4. Membership function of objective and constint.
represented by fuzzy sets. In a fuzzy environmim,
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The concept of fuzzy decision making described abov 5.2 Fuzzy Constraint: Feeder Loading

is graphically illustrated in Figure 4 [10].

5. FUZZY REPRESENTATION FOR SERVICE
RESTORATION

The fuzzy objective function is to minimize the rioen
of switching operations subject to the fuzzy caaiss in
the capacity limit of feeders and of laterals. hege
fuzzy constraints, our goal is to keep the loadents on

supporting feeders and laterals as small as pessibl

However, under peak load conditions, we allow dader
degree of overloads for a short period of time righeo to
be able to reach a restoration plan.

5.1 Fuzzy Objective: Number of Switching Operations

Since our goal is to reduce the number of switclarg
much as possible. Let(N) be the membership function
of the objective function. The membership functioi

the number of switching operations can be assigmba
a trapezoidal fuzzy number demonstrated in Figurk 5

is fully satisfied if N is smaller thanN Between
N and N

min *

min max !

unacceptable if exceedingN thus the zero

max !

membership value given for this point. The membersh

function for this objective is mathematically weitt as

1 N < Nmin
- | N,.-N - ©)
N) = max N, <N<N
/'I( ) Nmax _ Nmin min max
O N > Nmax
where - = fuzzy variable representing the num
N of switching operations
N, = minimum number of switchir
operations
Nnax = Maximum  number of  switchir
operations
~ = membership function of number
H(N) switching operations
H(N)
A
1
0 } } >
Nmin Nmax N>
Fig. 5. Membership function of the humber of switcing
operations.
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the satisfaction level declines as the
number of swithcing operations becomes wider and

The membership function of feeder loading can be

represented by a trapezoidal fuzzy number as iar€i§
and mathematically defined in Equation (10). As ban
seen from Figure 6, the system operator would beemo
happy for a smaller feeder current than a largex. dihe
allowable range of feeder loading capability varfiesn
Otol 2",

1 I < |L"[i)n
N — I 'f:n[?x - I FD min N max (10)
M) = o e <l <lgp
e
0 o > 155
where - = fuzzy variable representing the fee

FD loading

|min = minimum loading capacity of feeder
|2 = maximum loading capacity of feeder
i)~ membership  function of feec
Fo loading
({1 )

A

1

} .
| min | hax
FD FD

I'to
Fig. 6. Membership function of Feeder Loading.

5.3 Fuzzy Congtraint: Lateral Loading

Like that of feeder loading capability, the memibgrs
function of laterals is also represented by a zajual
fuzzy number as shown in Figure 7, indicating tHiat
high current flows in a lateral, its value of memdfép

function is low. The amount offar is expected to be
less than 137 and not grater thanl¥. The
mathematical representation is shown in Equatidi. (1

1 It <100
~ max N ~
— I LAT — I LAT min max (11)
,U(lLAT)— I E—— ILAT < iar <|LAT
I oar =1 LAt
0 lar > 1
where - = fuzzy variable representingthe

LAT lateral loading



J. Kaewmanee and S. Sirisumrannukul / GMSARN latiemal Journal 5 (2011) 19 - 28

| min

mn minimum loading capacity of lateral

I = maximum loading capacity «
lateral
N = membership function of latel
H(1 1ar) loading
ﬂ([LAT)

A

1

Il »
T »

| max
LAT

| min

AT liaT

Fig. 7. Membership function of lateral loading.

6. FUZZY REASONING APPROACH FOR
SERVICE RESTORATION

The fuzzy reasoning approach requires statuseseof t
switches (normally open) located at the end ofrdds$eto

be formulated in the optimization problem. The siat

of the tie switches indicate whether the laterated
alternative supply from other feeders or lateral$utfill

the service restoration plan. The statuses can b
represented by a vector. Based on Figure 1, ther8 a
laterals to be considered and therefore:

X

X Xor Xar Xar X0 X % %] (12)

where X, =status of tie switch

If x, =0, the status of tie switch is “open” and ifx;

= 1, the status of tie switch is “closed.” As an
illustration, if
X =,00000,0,06

In this case,x; = 1 indicates that LAT1 requires a
support from LAT10 by closing tie switch SW1 and

opening lateral switcBW1. For this particular sample
distribution system, because there are 8 tie segtcthe
overall service restoration plan equals®=256
combinations to be considered.

The methodology for service restoration by the yuzz
reasoning algorithm is described step by step l&safs.

determine membership functiop(/ep) from
Irp (overall load in feeders in not exceed
maximum capacity current of each feeder is
the fuzzy objective function).

Calculate all membership function obtained
from steps 1-3 and find the minimum value of
them. To be specific,

M, = min(y(N), ,U([LATi), ,U([LAT]))
i O{lateranumberamd j O{ feedemumbe}

Step 4:

(13)

Step 5:  For all possible service restoration pldims|
the highest membership valpg,.. using
Hymax = Maxs] (14)

7. CASE STUDY

The developed fuzzy reasoning algorithm is testét w
an MEA'’s distribution system in the 69/24kV Eakkama
(EM) substation. The substation is located in Sukitim
Rd., Bangkok and supplies 2 power transformers. @ne
the 24 kV feeders of the second transformer is e&mas
demonstrate the performance of the restoration
algorithm. The 7.7 circuit-km feeder, designated as
EM422, serves 31 laterals with a total demand 06681
MW. This system is of interest because it featunasy
laterals, tie and disconnecting switches. The sirigie
diagram of the system is shown in Figure 7. Thenmai
feeder has 21 normally close switches and 13 néymal
®pen switches. To see the effect of line overload @
power flow from other feeders through a tie switch
during restoration, the system is simulated withe¢h
different loading conditions described in Tablean? 3.

The fuzzy parameters for the membership function
associated with the objective and the two condsaine
listed in Table 1.

Table 1: Fuzzy Parameters for Objective and Constriaits

Membership function min max
1(N) 5 19

M(Iep) 333 A 407 A

LT a7) 225 A 250 A

For the distribution system of MEA, Equatiorb)is
the fuzzy objective function. Equations (16)-(28)the
fuzzy capacity constraint of supporting lateralsd an
Equations (25)-(30) is the fuzzy capacity constraih
supporting feeders.

Step 1: Compute the fuzzy objective function and (16)
%etermine its membership functigN) from (17
Step 2: Compute the load current on supporting (18)
laterals after restoration and determine their (19)
membership functiop(/ a7) from I ar. Tearss = I, yrg + 20 pors (20
Step 3: Compute the load current on supporting - e

feeders and other feeder after restoration and

Tpargr = fi.-| rar T L )l;..-:
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[ e B

FEEDER
EM422

EM421
s =24, 0 + 21 (101.01A)
SACE SW 13
Iros =@yl ipy T3 SW 14 101_';/\42/1\1
= 40m __40m | 35m _80m gy 2 -
Leor = 2ol iyry + 1o Svazz 2254 9.38A 1598 LAT2
H (149.17A) A9 -
} T LAT 33 Sw2s "o
T - SW s ) LAT 12
S = i tatsa  som O30l M
w = min{p(N).p0(d, ) 4 -
H-’ e {'l s "r""'"' (ltébgjlszm 2434 L/:NBM%\JSI.}MA 4.86A 243A  1.46A
f = ma.x['lu_l,'l: JE {l.?. 3“...519!’ (32) 100m
’ I SW lﬁc)sm 120m L7/.\2];/l%4
’ LAT 35 | sw4 L 105m
where | = current at lateral before L 2EALATS T oo
- SWItChlng Operatlon 3.89A 4.37A 14.58ALATIS 90m
I aTi = current at laterail after switching LATIS
. 185m S5m
operation 632 073A 486AMAT17 Tasm
| e, = current at feedej before waTs
switching operation swapd " -
- _ ) . . EM422 = FD; sws20m_ 20m | 736
Irp; = current at feedej after switchiny —0O :
. EM421 =D som [ LATS073a GRS
operation EM424 = D, Ot
| [ated = rated current of laterals SV427 =D, Sw s
35m
| e = rated current of feeder . W PR
. . . EM412 = FDs SW33 _ 7sm | LAT37
- = fuzzy inequality relation PA41S - FD, o A HEG@A)
- “essentially less than or equal to sv422 - D, o a
SW 29
No_te that case 1 represents the ygarly average:ibgpa Wi
load in 2009 whereas that of case 2 is assuméené is RAT S il
. . . . . . LAT7
a short circuit near the substation (Point A inufeg7), Chon)
the simulation results for the two cases are shawn
Tables 4, 5 and 6. The discussion for each cagén
as follows. 1824 3.06A 272A P A 109
Case 1: The restoration plan requires openingdhter
switches SW2, SW6, SW8, SW9 and close tie switches
SW14, SW18, SW20, SW22 so that the load in Lateral
No.2, No.6, No.8 and No.9 can be supplied from Si42
EM412, SV418 and PA418, respectively. Tie switch
. SW 20
SW10 can now be closed to complete the service - esw 180m | g 30m 100m 5T
restoration plan of case 1. Tables 4 and 5 show the A~ CURRENT AT LOAD POINT  S00m S;AQT;‘:“SAWM f‘&?ﬁ& .
restoration plans obtained the fuzzy reasoning otkth (X A)~CAPACITY MARGIN OF O O
and heuristic method [3]. In this case, the numbler SUPPORTING LATERAL ‘ dom - Joom
T 1 1 1 41 115m SW 21 SW 22
switching operations of the fuzzy reasoning aldonitis T ‘ N
greater because the feeder loading on SV422 (3B%.68 3528 (T08) | (70A)

and SV418 (357.18 A) is allowed to exceed the prete
limit (333 A) with less membership values, although
these current flows satisfy the short term thertimait

= SUBSTATION 24444
- 240m

i sis
constraint (407 A). .
SW 10
= CIRCUIT BREAKER
(O  =LoADPOINT SV422 SUPPORTING
FEEDER
(230454)

Fig. 7. MEA's distribution system.

Case 2: This case represents a peak demand scenario
The heuristic method has 4 more switching operation
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than the fuzzy reasoning method. The fuzzy method Table 6 shows the loading of feeders, supporting
requires 5 lateral switches to be opened and 6 tideeder and supporting laterals for the two cases.céh
switches to be closed. However, because the nuofber see that no overload is observed for each restoratan
switching operations and loading capability are except that supporting feeder SV422 is 5 A overload
considered as the soft constraint, the number ofHowever, this amount of overload is acceptable in
switching operations is decreased at the expense ofractice and does not seriously harm the systeme. Th
degree of violation for feeder overload. Althoudiet overload may have been avoided if 4 more switching
feeder conductors deteriorates for such short-termoperations are allowed, as obtained in the hearisti
overload, it would be practically worth doing sachase  method.

that restoration action, in turn, lengthens theeekgd

life time of disconnecting switches in the systend a Table 3. Prefault feeder currents (A)

shortens interruption duration and therefore thstesy

reliability will be improved. Feeder Casel Case2
EM422 280.53 321
Table 2. Prefault loading condition for interrupted laterals EM421 268.99 220
and supporting laterals ’
_ EM424 159.72 180
Load Lateral g, jng L0 Supporting sv427 220.83 270
Lateral No. A) ateral No Lateral (A)
(Casel/Casei’} * (Casel/Case?) Sv418 351.10 300
1 0.00/0 32 11.91/7 EM412 207.52 270
2 35.4/25 33 14.75/9 PA418 300.00 300
3 2.43/5 34 25.30/15 Svaz2 139.55 148
4 2.43/25 35 10.43/25 Table 4. Restoration plan reached by fuzzy reasonin
5 0.73/1 36 4.01/7 approach
7 0.00/0 38 6.71/26 Case Switching Action Switching
8 6.71/13 39 20.28/29 Operations
9 7.29/9 40 7.29/10 1 SWI10, SW2, SW6, SW8, SW9, 9
SW14, SW18, SW20, SW22
10 18.66/22 - -
y 2  SW10, SW2, SW4, SW6, SW8, 11
1 24314 - - SW9, SW14, SW16, SW18, SW:
12 10.93/9 - - SW22
13 12.39/10 - -
Table 5. Restoration plan for reached by heuristicearch
14 7.29/10 - - approach [3]
15 22.84/19 - - Nomber of
umber o
16 9.70/12 ) ) Case Switching Action Switching
17 11.91/15 - - Operations
18 3.06/4 - - 1 SWI10, SW2, SW6, SW9, 7
19 25.39/23 - - SW14, SW18, SW22
20 5.41/8 - - 2  SW10, SW2, SW3, SW4, SW5, 15
21 4.86/7 ) ) SW6, SW8, SW9, SW14, SW15,
' SW16, SW17, SW18, SW20,
22 2.43/4 - - SW22
23 14.76/10 - -
24 7.70/9 - - 8. DISCUSSION
25 4.61/4 - - The main contribution of this paper is a comprehens
) } treatment of network restoration based on heurestid
26 1.26/9 . . o
fuzzy reasoning methods using a real distributigstiesn
27 7.29/5 } } of MEA. The heuristic method is attractive for its
28 4.01/7 - - computational efficiency but considers only therthal
limit of feeders (370 A)The fuzzy method is employed
29 3.52/6 - - ; o '
to compromise the number of switching operationd an
30 6.07/9 - - the overload constraint on main feeders and lateral
31 24.44/1 - - Since in the past, MEA has been using system agrstat
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experience to restore its distribution systems rafte difficult. However, as far as network congestion is
sustained interruptions. Although in many cases theconcerned during peak load periods or due to load

solutions obtained were feasible, an optimal orrnea
optimal solution was usually not guaranteed. More
importantly, for a complex distribution system with
number of tie and sectionalizing switches, the esyst
operator may fails to identify a feasible solutiwithin a
short period of time and therefore, short-term bt
(400 A) was sometimes observed during switching
actions, particularly during peak load periods. ISuc
erroneous procedures would be eliminated if a dger
restoration program were in use.

Table 6. Load Current (A) on Supporting Laterals and
Supporting Feeder after Restoration of 2 Cases

Case Case Case Case
FD&LAT 1.1 1.2 2.1 2.2
LAT32 11.91 1191 7 7
LAT33 50.15* 50.15* 34* 34*
LAT34 25.30 25.30 15 20*
LAT35 10.43 10.43 50* 50*
LAT36 4.61 4.61 7 8*
LAT37 24.12* 24.12* 42* 42*
LAT38 6.17 6.17 26 26
LAT39 26.99* 20.28 42* 42*
LAT40 14.58* 14.58* 19* 19*
EM422 - - - -
EM421 268.99 268.99 220 220
EM424 159.72 159.72 180 181*
Sv427 256.23* 256.23* 295* 295*
SVv418 357.81* 351.10 338* 338*
EM412 222.10* 222.10* 292* 297*
PA418 307.29* 307.29* 309* 309*
SV422 356.68* 363.39* 375* 369*
Note : Case 1.1 and 2.1 = restoration plan obdaiftem fuzzy

reasoning approach.

: Case 1.2 and 2.2= restoration plan obtainech fheuristic
search approach.

* = there is a change in feeder or lateral current

Our results are always better and offer more fliéjb

than those obtained from an experience-based system

restoration in terms of the number of switching
operations and line overloads. Without fuzzy
consideration (i.e., only crisp sets), both methoright

arrive at the same solution. At present, switching

schedules obtained from an experience-based system

restoration procedure do not normally violate tierinal
limits of feeders in MEA's distribution systems mparily
because of a large capacity margin of supportiegdes
and laterals. In fact, feeders and laterals aréecuier-
designed for almost all of the distribution systems
MEA; namely, their conductor sizes are the sames (18
mn¥). For this reason, handling current flow is not
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growth in the future, restoration by operators’goent
tends to be error-prone and hence the introducifoa
restoration program becomes necessary in MEA’s
systems for efficient use of its capacity resource.

9. CONCLUSION

This paper presents the proposed methodology for
service restoration in an uncertain environmenetam
fuzzy framework. The number of switching operations
and loading capability of feeders and laterals are
fuzzified using trapezoidal membership functions to
indicate their membership values and are integramted

a fuzzy decision value. The service restoration is
illustrated by a distribution system of MEA is peated.
The searching process is performed by the complete
enumeration algorithm to find an optimal solutidbn

the basis of these results, it is found that thealver of
switching operations can be decreased at the egpeins
degree of feeder and lateral loading for a shotibdeof
time. Although such an action degrades the useful
lifetime of the conductors, it would be worth doisg
owing to the customer’s benefit in forms system
reliability improvement. Therefore, the fuzzy masleln
offer flexibility and the means for including subjre
judgement of the system operators for service
restoration.
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