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Thesis Title : Optimal Placement of Sectionalizing Switches in Radial Distribution
Systems by a Genetic Algorithm
Major Field : Electrical Engineering
: King Mongkut’s Institute of Technology North Bangkok
Thesis Advisor : Dr. Somporn Sirisumrannukul

Acsdemic Year 1 2006

Abstract

Reliability in a distribution system can be improved by the installation of sectionalizing
switches. A sectionalizing switch is a device that isolates a faulted part from the system so that
the healthy part can still be electrically supplied. Such a procedure allows restoration of all load
points between the supply point and the isolation point before the repair process of the faulted
equipment has been completed. However, a subjective placement of sectionalizing switches
would be uneconomic owing to the utility’s increased investment. Therefore, the evaluation of the
costs associated with different placements and the corresponding reliability worth associated with
the differences should be judiciously determined. The optimal placement of sectionalizing devices
can be formulated as a combinatorial optimization problem. The solution to the problem
presented in this thesis is based on the genetic algorithm and reliability cost/worth analysis.

The genetic algorithm (GA) is a stochastic search technique based on the principles of
genetic and natural selection. The algorithm allows a population composed of many
chromosomes to evolve by three basic operators. The operators are crossover, reproduction and
mutation. A distribution load flow algorithm based on a constant sparse upper triangular matrix is
employed to calculate line currents and load-point voltages used to penalize the chromosomes
that violate constraints of line current and load-point voltage limits in the optimization problem.
Reliability cost is quantified in term of investment incurred by network reinforcement, whereas
reliability worth is quantified in term of customer interruption cost calculated from load point
reliability indices and customer damage functions.

With the genetic algorithm and reliability cost/worth analysis, the optimal placement of

sectionalizing switches can be obtained, providing the optimum balance between the utility's cost



and customer interruption cost. The proposed methodology is tested with a distribution system of
the Roy Billinton Test System (RBTS), which consists of 4 primary feeders and 22 load points
and a distribution network of Provincial Electricity Authority (PEA), which consists of 2 primary

feeders and 26 load points.
(Total 83 pages)

Keywords : Distribution system reliability, Genetic algorithm, Sectionalizing switches
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v v
A A

{ o . . %
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udannsandndenil Tomanivzegion nazmeneaguanvuzaunil lldsgudalyluyuz i
E4
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wugnssuadiFeFon ldnaFadriiner Tdun mafadoniusg (Selection)  1iordoniiu
{ v < J 1 @ [V 4
U325103 (Individual) NUAINNVLAWIIINNFUYTLHINT AIUMIAGUEI8WUT (Crossover)

]
A

IS 9 . 1% 1 ] ]
Wumsailszanignraiu (Offspring) NUAMANYAULIANINITEYINTWOUY (Parent) 11AY
o J y @ 4 1
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an 3 = awv A Asa A o
FFeiugnssudumsidounuuna lnns I TmunsvesdliFIaine 119z TNy
" W J @ 1 aa { 1
wiugvesdesinsegseanieldaniigsssumnannlaouualyl Tasuaazidszannslu
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durdsiuduounu Ias Ty TandezgniEon A WHUIDUFBTHE (Loci) NN aNHUZIMNIE
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X’L" = (<b7m_1...b0>)2 = [Z bj2j] (2'1)
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MiIuseauieves x; v ldnnaums

X, =aq; + X{{M (2-2)
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Obj X11 X12...X1n
Obj X21 XQQ...X2n

1Jszanswonnn 1

v

y

1Jsznswonln 2

Ay x,

v

auls x,

MNN 22 nquilszanng

{ o d v I % 3 ] 1
Tash  Obj A MmevvesilanFuthuineadluduvenanuudansavestlszanns e
A Y 1 ld'
X, Ao aws x, vedsewnsweuun 1
A Y 1 ld'
X,; Ao aauls x, vesdseanswenun 2
A Y 1 ld‘
X, Ao Aus X, vosdszanswouun 1

A U 1 ld‘
X,, A0 A5 X, voedszmnswouun 2

2.4 AaueniszyInsNANga (Elitism)
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v o A [ 4 .
2.5.1 IAUUUMINAIYNUT (Mutation Operator)

J A a A ' 3 o o A Ay
Wumsulaswnlasduvelsznnsiionnuunnziuvesmsnatsiuguesoun Idan

' 1 T o JA o
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o 2 o . .
2.5.1.1 MINAYNUTUVVFNNUAUD (Uniform Mutation)
Uszmninonl X
Usznnignraiu X'
dniumszduidondiuilszney & e (1,..n)
X = (X, Xy X))
o Y ’
Mmmsasnilszanslsznnsgnraiu X
X' = (X, X[,..X,)
Tagn X Ao a1nlaninmsquidenszegluriiasinadronaziadinuunves
dals X, , [lefi(k), right(k)]
@ L4
2.5.1.2 MINMYNUTUUUVDUIVA (Boundary Mutation)
Usemnswonl X
Usernsgnraiy X'
v o a dy 9 1 A 1 1 1 A @ 4
arautiunistazlsmaguidendiulsznouveslszanswoulruounITnaBR UYL
o 1 , I o o 9 A o w
adane uamvedlszinnsgnriay X szdluwasinagiy  (lefik) %30 LUATIAAVI
(right(k))
Y4 ] o . .
2.5.1.3 mﬁﬂmawummu"lmmmua (Non — Uniform Mutation)

o @ 1 1 9 [l Y @ A 9 @ 4 [ o
Fmsulszynswoud X oraiudsenou X, ulﬂgﬂﬂﬂla@ﬂﬂlwﬂa’]ﬂwu‘ﬁlwaaW‘ﬁﬂlﬂQ

X/ = (Xla"'vX]év"an)

Xy, + D(t,right(k) - X;,) dmsuvgunia = 1
X = P (2-4)
Xy - D(t, X, - left(k)) fMsuRUgUANAI =0
t
Alt,y) = yr(l- ) (2-5)

v 1 1 1 1 1 [~ 1 4 1 a' -4
Wandu A(t,y) vzdemieglusg [0yl anudwzdluves Axy) vzlnda o ot iy
Indan T
Taghl 7 Ao e lumsquidensgluse [0,1]

A o 1

T Ao 1UIUYIWLIYPIFA
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a [ Y] 4
2.52 AUUUMIAAVAIWNUT (Crossover Operator)
v o a =] 9 ~ 9 o [ @ 4 =
ﬂ')ﬂ']!,uuﬂ']illﬁuWﬂﬁluﬂTﬁﬁiWQﬂﬁWH']ﬂﬁQﬂWa']u I@ﬂﬁ]gﬂ']ﬂWSﬁﬁ‘iJﬁ'"lﬂwu‘ﬁ‘sllaﬂﬂu
[ 1 [ = [ 1 [ 1 1 [ Y] 1 o
§$W31Qﬂmﬂﬂﬂ§$%’1ﬂﬁw’E)L!JJG?\?ﬁ@')ﬂﬂuﬂ'ﬁﬂ']ﬂﬂﬂﬂﬂmﬁﬂﬂmglﬂu33ﬁ3’lﬂﬂulla3ﬂuﬁﬁﬂaﬂ’l
Tfinedszannsgnvaiu 2 au
[ v 4 a
2.5.2.1 msﬁaumﬂwummuﬁﬂmm@ (Arithmetical Crossover)

d v o A A o I A 9 . . .
L‘]Ju@1muuumi1/1gﬂmwum‘ﬂumﬁammummu (linear combination)

Xll = aX1—|— (1—0,)X2 (2'6)

XQ, = (IX2+ (1-&)X1 (2-7)

7

o a dy 9 1 1 YA 1 =S
muuumimﬂ%mﬁqum a Gh’ﬁJﬂ']ﬁgﬁ'J'l\‘] 0D31
[ [ o 1
2522 ﬂ”liﬁﬁ‘]JﬁWEJWHﬂLL‘]JiJLaEJ’J (Simple Crossover)

@

Y
AU UMTVIETMTAUTUMTALL
Xl = (X17"'5X7L)
XQ = (}/177Y77)
d‘ = 1Y Y] 4 (% ) 1 =
WANMITAUMHUTHAIDINAWNUL k #aved1lseyInTgnraIune
X! = (X1, X3, YViy 1y, ¥y ) HIBE

XZI = (Ylv"'>Yk7Xk+17"'7Xn)

9y
4 9 v o a2

v { v o wa
muummmmmm%zﬁiN1Jimmigﬂwmuuaﬂimuuﬁﬁmmi ﬁﬂﬂWﬂmf‘fi\l‘UWUE]\‘i

15giinowAn (Convex Space) Taglimsgua a IRlimszndwoda1 wld
Xll = Xl,...7Xk7Yk+1a+Xk+1(1 - a),...7Yna—|—Xn(1 - (I) (2'8)
Xo=Y,...Y,, Xja+ Y 1 (1-a),..., X,a+Y,(1-a) (2-9)

Y] o 4 Aa a a
2.5.2.3 MIAUAONUTUDUITANN (Heuristic Crossover)

Usganswou X, uaz X, 114 Uszannsgnuaiu

X3 = T(XQ—X1)+X2 (2'10)
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2.7 wamsnaaaulysunsu

2.7.1 WummaeutooNgaved G, (z)

, 4 13
Lﬁ’f_] Gl(g;) — 51‘1 —|— 5%2 —|— 5%3 + 5$4 - 52 -’E? 'Z Z;
i=1 =5

Tgi
221 + 229 + 219 + 211 <10
2z + 225 + 219 + 212 <10
2z9 + 223 + 211 + 212 < 10
-8z + 25 <0
-8zy + 217 <0
-8x3 + 219 <0
2xy -x5 + 219 <0
2z -27 37 <0
228 - Tg + 719 <0
0<z <11=123456,78,913
0 <z, =10,11,12

f1meuit 18nniena138198e [1] Gi(z) = - 15
=1
Ty =1
3 =1
Ty =1
5 =1
T =1
z; =1
g =1
T9g =1
Tip = 3
T =3
Typ = 3

T3 =1

padnin lannllsunsy G@) = -15
il =1
i) =1

1'3:1



Solution
%

Generation

$ 1 o J v
M 2-3 msgEinMaeuveilendy G (z)

:JI ~q U o LY a =
DAMNIRUAN 1S TUMTHIRO VWY 1 IUN

272 WA UToNgAY0Y Gy(z)

A
N\

Taeh

Gy () = 6.521 - 0.52% - 2y - 235 - 33y - 225 - 74

Te + 221 + 829 + 23 + 324 + dz5 <16
-8z - 42y - 229 + 225 + 43y - 25 < -1
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91AA1519N 4-2  Standard Industrial Classification (SIC) ﬁ”lﬂJ”m”llqua?i”IﬂTJ”lmﬁ’fJﬂWLﬁﬂ
a [ 1 a I A Jd 9 @ [ [
e Iihau Tasutsnwriave Tvamilu gaavngsy, wislsd, Thuineids tazniieau
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M3191 6-5 HAVDITIAUNYA 1HaAVDITLVUT MU IENATDU RBTS 1/d 2

Load V] Angle Load V] Angle
Point (pu) (Degree) Point (pu) (Degree)
1 0.982744 -2.102 12 0.973665 -2.168
2 0.982023 -2.123 13 0.967906 -2.716
3 0.971559 -2.492 14 0.967712 -2.722
4 0.972113 -2.568 15 0.967274 -2.409
5 0.965344 -2.807 16 0.982831 -1.863
6 0.966281 -2.441 17 0.983309 -1.838
7 0.964652 -2.499 18 0.973208 -2.188
8 0.987428 -0.424 19 0.972597 -2.206
9 0.983179 -0.569 20 0.965319 -2.807
10 0.984928 -2.026 21 0.962185 -2.923
11 0.973266 -2.433 22 0.962775 -2.564

msnﬁ 6-6 Na‘lJ'ENﬂ'§$LLﬁﬁﬁWﬂﬂﬂuﬂlﬂﬂﬁ%UUﬁTﬁﬂWﬂﬂﬂﬁﬂﬂ RBTS 1d 2
Line | 1] Angle Line | 1] Angle
No. (puw) (Degree) No. (pw) (Degree)
1 3.748852 -2.437 19 0.549695 -2.432
2 0.544393 -2.102 20 0.462171 -2.168
3 0.544793 -2.123 21 1.639007 -2.630




M 3199 6-6 (D)

Line |1] Angle Line |1] Angle
No. (pu) (Degree) No. (pu) (Degree)
4 2.659689 -2.570 22 0.584767 -2.716
5 0.550661 -2.492 23 0.584884 -2.721
6 0.582236 -2.568 24 0.469360 -2.409
7 1.526792 -2.599 25 0.469360 -2.409
8 0.586319 0.586 26 3.490679 -2.380
9 0.469842 -2.441 27 0.461931 -1.863
10 0.470636 -2.499 28 0.457638 -1.837
11 0.470636 -2.499 29 2.571163 -2.569
12 2.182405 -0.502 30 0.462388 -2.188
13 1.012732 -0.424 31 0.462678 -2.206
14 1.169675 -0.569 32 1.646126 -2.779
15 1.169675 -0.569 33 0.586334 -2.807
16 3.194032 -2.427 34 1.059793 -2.763
17 0.543186 -2.026 35 0.588244 -2.922
18 2.650861 -2.509 36 0.471553 -2.564

e vualdmssiuiaiismariinuAana1n (Tolerance) = 0.000001 pu
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A =2 o ] % 1o o 1 o A a @ < 1 A
MA1919N 6-8 HWANITANHITSUUINNUIY RBTS Ud 2 hliJi]Tﬂﬂﬂ'lﬁ]181Wﬂ1ﬁ150ﬂﬂ1ﬂﬁ18ﬂﬂuﬁlu IﬂfJWi]'liil!'liZﬂUIWaﬂ!ﬂuﬂuﬂaﬂ

i1 dodumnisiass nsdn 1.1 nIdin 12 nsdn 13 nIdn 1.4 3@ 1.5 nsdn 1.6

SAIFT (5ug1dihAl 0.248211 0.248211 0.248211 0.283625 0.283625 0.283625

SAIDI (32 Taa/f19 1) 3.413853 4.162989 3.929718 3.449268 4.198403 3.965132

cAIDI (1 Tua/g 13 i) 13.753839 16.771976 15.832169 12.161361 14.802649 13.980186
ASAI 0.999610 0.999525 0.999551 0.999606 0.999521 0.999547

ASUI 0.000390 0.000475 0.000449 0.000394 0.000479 0.000453

ENS  (kWhr/i)) 35457.12 43807.69 39439.09 35827.97 44178.53 39809.93
AENS  (kWhr/g 14 Tl 18.58 22.96 20.67 18.77 23.15 20.86
ECOST ($/1) 190,533 222,448 201,999 191,590 223,505 203,055
Arldaes (Al 241,240 222,448 212,562 242,295 223,505 213,619

fumisaadaiadinney 1-24 - 5,8,15,19,24 1-24 - 5,8,15,19,24
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i1 dodumnisiass nsdn 1.1 nIdin 12 nsdn 13 nIdn 1.4 3@ 1.5 nsdn 1.6
SAIFT (5ug1dihAl 0.248211 0.248211 0.248211 0.283625 0.283625 0.283625
SAIDI (32 Taa/f19 1) 3.413853 4.162989 3.912221 3.449268 4.198403 3.947635
cAIDI (1 Tua/g 13 i) 13.753839 16.771976 15761678 12.161361 14.802649 13.918494
ASAI 0.999610 0.999525 0.999553 0.999606 0.999521 0.999549

ASUI 0.000390 0.000475 0.000447 0.000394 0.000479 0.000451

ENS  (kWhr/i)) 38373.70 47411.16 42945.082031 38775.07 47812.54 43346.460938
AENS  (kWhr/g 14 Tl 20.11 24.85 22.507904 20.32 25.06 22.718271
ECOST ($/1) 207,460 242,210 222387 208,614 243 364 223,541
Arldaes (Al 258,161 242,210 230,837 259,316 243,364 231,991
fumisaadaiadinney 1-24 - 5,8,15,20 1-24 - 5,8,15,20
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sy Fdunisaads | nsdii 2.1 IS 2.2 nsdin 23 nIdn 2.4 nsdn 2.5 nsdin 2.6
SAIFT (Syg1dihal 0.248211 0.248211 0.248211 0.283625 0.283625 0.283625
saDI (T w191l | 3.672006 4.162989 3.984641 3.708321 4.198403 4.020055
cAIDI (1 Tuag 13 ) 14797520 16.771976 16.053444 13.074723 14.802649 14.173831
ASAI 0.999581 0.999525 0.999545 0.999577 0.999521 0.999541
ASUI 0.000419 0.000475 0.000455 0.000423 0.000479 0.000459
ENS  (kWhr/i)) 37544.75 43807.69 40202.92 37915.58 44178.53 40573.76
AENS  (kWhrd1# 1WAl | 19.67 22.96 21.07 19.87 23.15 21.26
ECOST ($/1]) 196,175 222,448 205,287 197,232 223,505 206,436
amldaesm(sAl) 246,881 222,448 213,737 247,937 223,505 214,887
fumisdaniaiadianon | 124 - 5,10,16,22 1-24 - 5,10,16,22
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syl Fwdumnisaads | nsdii 2.1 nsdin 2.2 nsdin 23 nIdn 2.4 nsdn 2.5 nsdin 2.6
SAIFT (Syg1dihal 0.248211 0.248211 0.248211 0.283625 0.283625 0.283625
saDI (2 Tud1F i) | 3.602854 4.162572 4.045259 3.728265 4.197983 4.080670
cAIDI (1 Tuag 13 ) 14.87788 16.77030 16.297662 13.145051 14.801174 14387554
ASAI 0.999578 0.999525 0.999538 0.999574 0.999521 0.999534
ASUI 0.000422 0.000475 0.000462 0.000426 0.000479 0.000466
ENS  (kWhr/i)) 42633.03 47406.41 45681.63 43034.37 47807.75 46082.97
AENS (kWhrd18 1WAl | 22.34 24.84 23.94 22.55 25.05 24.15
ECOST ($/1) 224,799 242,210 233537 225,953 243364 234,692
amldaesm(sAl) 275,500 242,210 237,763 276,654 243,364 238,916
SR inTaaney 1-24 - 5,19 1-24 - 5,19
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M9 6-12 “]fﬁﬂﬁ?ﬂﬁﬂullﬁ$ﬂ31MﬂYJeﬂﬁNﬁ18°ﬂ’E'J‘Ll KWAOI

HUYRQUFY | ANNYINEY (DV.) YUAVDIAY
1 1.076 SAC 185
2 0.974 PIC 185
3 0.0066 PIC 185
4 0.196 PIC 185
5 2.175 SAC 185
6 0.415 SAC 185
7 0.061 SAC 185
8 0.013 SAC 185
9 0.98 SAC 185

15191 6-13 %ﬁﬂ?ﬂEJ‘]Bj’f]uuaxﬂ’J"lﬂJEﬂ’JﬁUi’Nﬁ"lﬂﬁﬂu KWA 06

HUYRQUFY | ANNYINY (DV.) YUAVDIA Y
1 8.74 SAC 185
2 0.383 SAC 185
3 0.429 SAC 185
4 0.289 SAC 185
5 3.006 SAC 185
6 0.19 ACSR 50
7 1.069 ACSR 50
8 0.854 ACSR 50
9 0.017 ACSR 50
10 0.222 ACSR 50
11 0.518 ACSR 50
12 0.081 ACSR 50
13 0.508 ACSR 50
14 0.064 ACSR 50
15 0.312 ACSR 50




M3199 6-13 (AD)

HUYRQUFY | ANNYINY (DV.) YUAVDIA 1Y
16 0.051 ACSR 50
17 0.466 ACSR 50
18 0.091 ACSR 50
19 0.41 ACSR 50
20 0.166 ACSR 50
21 0.319 ACSR 50
22 0.505 ACSR 50
23 0.13 ACSR 50
24 0.394 ACSR 50
25 0.693 ACSR 50
26 0.43 ACSR 50
27 0.291 ACSR 50
28 0.091 ACSR 50

3197 6-14 Joyanedanud1d Ivlihwesaetlou KwA o1

palvaa | Swauvesdld i | adiavesdld i | anwdesmssidsiihoaw)

Tnaamae Trangage
LP1 1 g3nvvina lng 0.7 1.4
LP2 1 g3nvvina lng 0.7 1.4
LP3 1 FINVUIANAN 0.2205 0.441
LP4 1 FINVUIANAN 0.035 0.070
LP5 1 FINIVUIANAN 0.105 0.210
LP6 1 FINIVUIANAN 0.105 0.210
3 6 1.8655 3.731
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M1 6-15 Jeyamernugld ilihvesaetiou KWA 06

9alnan dsouvesdls | wiavesdld i | anwdesmisiiaaliihoiw)
vl Tvaamds  Twanqega
LP1 1 f3nvvina ng) 3.13075 6.262
LP2 105 Musine o 0.0325 0.050
LP3 31 Musine e 0.00975 0.015
LP4 1 FINIVUIANAN 0.11025 0.221
LP5 31 Musinefe 0.00975 0.015
LP6 31 huineido 0.00975 0.015
LP7 21 huineisdo 0.0065 0.010
LPS8 1 NUIWIUTIBINT 0.0455 0.070
LP9 21 Musine o 0.0065 0.010
LP10 1 FINIVUIALAN 0.0105 0.021
LP11 1 FINIVUIANAN 0.175 0.350
LP12 31 Tusinefe 0.00975 0.015
LP13 84 huineido 0.026 0.040
LP14 1 §3NVUIANAN 0.056 0.112
LP15 1 §3NVUIANAN 0.175 0.350
LP16 1 NUIWNIUTIBMNT 0.02275 0.035
LP17 1 NUBNUT BT 0.0175 0.035
LP18 1 NUIBNIUTIFMNT 0.035 0.070
LP19 21 Tutine e 0.0065 0.010
LP20 1 NUIWNIUTIBINT 0.00975 0.015
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M1 6-17 wave s auiga Inaavesszuusmihens lihduginin Kwaol

Load V] Angle Load V] Angle

Point (pu) (Degree) Point (pu) (Degree)
1 0.982744 -2.102 4 0.972112 -2.567
2 0.982023 -2.123 5 0.965344 -2.807
3 0.971558 -2.491 6 0.966280 -2.441

M5190 6-18 wavesnszuanaeilouvesszuusmitems lihdiugiinim Kwaol

Line [T] Angle Line [T] Angle

No. (pu) (Degree) No. (pu) (Degree)
1 1.868416 -0.112 8 0.245289 -0.0705
2 1.623126 -0.119 9 0.245289 -0.0705
3 0.701133 -0.118 10 0.035041 -0.0701
4 0.921993 -0.119 11 0.210248 -0.0706
5 0.701135 -0.119 12 0.1051243 -0.0706
6 0.220858 -0.119 13 0.1051244 -0.0707
7 0.220858 -0.119 14 0.1051244 -0.0707

M5190 6-19 wavewsauiyga Tnaavesszuusmihens ihduginin Kwaos

Load V] Angle Load V] Angle

Point (puw) (Degree) Point (pw) (Degree)
1 0.982597 -1.031 11 0.979262 -1.172
2 0.981694 -1.174 12 0.979204 -1.222
3 0.980123 -1.149 13 0.979153 -1.146
4 0.980110 -1.120 14 0.979047 -1.149
5 0.980109 -1.120 15 0.979672 -1.151
6 0.980094 -1.150 16 0.979624 -1.133
7 0.980094 -1.140 17 0.979606 -1.153
8 0.979814 -1.128 18 0.979599 -1.134




M 3199 6-19 (Av)

Load V] Angle Load V] Angle
Point (pu) (Degree) Point (pu) (Degree)
9 0.979515 -1.136 19 0.979625 -1.133

10 0.979462 -1.138 20 0.979618 -1.1338

M50 6-20 wavesnszuanaetlouvesszuusmiens lnihdaugiinin KwAos

Line [T] Angle Line [T] Angle
No. (puw) (Degree) No. (pw) (Degree)
1 3.976580 -1.053 24 0.178669 -1.138
2 3.976580 -1.053 25 0.272446 -1.156
3 3.186201 -1.031 26 0.009956 -1.172
4 0.790380 -1.142 27 0.262489 -1.156
5 0.790380 -1.142 28 0.026552 -1.222
6 0.033106 -1.174 29 0.235937 -1.148
7 0.757274 -1.141 30 0.057192 -1.146
8 0.148963 -1.125 31 0.178745 -1.149
9 0.009948 -1.149 32 0.178745 -1.149
10 0.139015 -1.123 33 0.100038 -1.136
11 0.112487 -1.120 34 0.006634 -1.151
12 0.026528 -1.136 35 0.093403 -1.135
13 0.009948 -1.120 36 0.039811 -1.137
14 0.016580 -1.146 37 0.023223 -1.133
15 0.009948 -1.150 38 0.016588 -1.142
16 0.006632 -1.140 39 0.006635 -1.153
17 0.006632 -1.140 40 0.009953 -1.134
18 0.608311 -1.145 41 0.009953 -1.134
19 0.046437 -1.128 42 0.053592 -1.134
20 0.561874 -1.146 43 0.017863 -1.133
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M3197 6-20 (A0)

Line [T] Angle Line [T] Angle
No. (pu) (Degree) No. (pu) (Degree)
21 0.461835 -1.149 44 0.035728 -1.133
22 0.010719 -1.136 45 0.035728 -1.133
23 0.451115 -1.149

e MvualimssiuaismasiinnuAanain (Tolerance) = 0.00001 pu
o o { o 9 < { ° o w
Taidrmeui IdulSemieuduTdsunsuduiagUnldlumsdrunums lvavessras vl

=) Y A [ s a
wuNimneulnamesnu laglininnuianaia 0.00001 pu

6.6 nsdianszuuvhelihvesmsiihaiugling
AR dy a [ [l [ 9 o A
TunsalAnuitisginensza Inaned 2 dnvazaleniue
a [ < 1 ~
1. Wasanszau Tvamiluaunag
a [ < [
2. Wansanszau Traailu 7 53a
£ J @ = =2 < SO @ dy
Faluugazanvae TvanvziimsAnyuilunsaiaendail

1 aﬂmmmmuﬂﬂmmm Frdvinan 100%

£
=

ik

12 Lifaasadianeu Hadinau 100%

>
£
=D.

]
A A ) [I=Y a d v 9 ax A o a d o

NIUN 3 ADNAUWUIAATIATAAADUAIIITNITIBINUTNITTY Waanau 100%

ﬂﬁﬁ 4 aﬂﬁﬁﬁ%ﬂﬂ@]ﬂuﬂﬂﬁulﬂuq T\hﬁﬂ']\i']u 90%

591 5 Waaaindaanou Thdiam 90%

2

A

{ o (=Y a v A A o a o o
NSAUN 6 La’oﬂmgmmmmmmmuﬁ'am%mswawugmsu Wadmau 90%
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duimlFdumisiads | nsdin 1 nsdin 2 nsdin 3 3@ 4 3@ 3 3@ 6
SAIFT (Syg1dihal 7.506286 7.506286 7.506286 7.530996 7.530996 7.530996
sAIDI (Tl | 17.415874 26.651222 18.089222 17.440586 26.675926 18.113932
cad! @G ludlF iy | 2320172 3.550521 2.409877 2315840 3.542151 2.405250
ASAI 0.998012 0.996958 0.997935 0.998009 0.996955 0.997932
ASUI 0.001988 0.003042 0.002065 0.001991 0.003045 0.002068
ENS  (kWhr/)) 35554.40 72295.92 35742.34 35659.70 72401.22 35847.64
AENS  (kWhrd14 1WAl | 90.46 183.95 90.947441 90.73 184.22 91.215370
ECOST (1/)) 1,696,498 2,940,815 1,698,052 1,701,712 2,946,028 1,703,265
aldesam@mal) 1,729,223 2,940,815 1,706,363 1,734,436 2,946,028 1,711,577
fumisAadiaindianon | 1-63 - 1,4,8,12,14,20,21 | 1-63 - 1,4,8,12,14,20,21

,25,31,35,37,43

49,50,51,56

,25,31,35,37,43

49,50,51,56
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A =2 o ] 1 a a o I 1%
M1319N 6-22 Naﬂ15ﬁﬂ‘]&l'li$1J1Ji]'l1’?u'lﬂﬂ'liul1/\|ﬁ'lﬁ’3uﬂuﬂﬂ1ﬂ IﬂﬂWﬂWimWi%ﬂUTﬁﬁﬂlﬂu 73891

duimlFdumisiads | nsdin 1 nsdin 2 nsdin 3 3@ 4 3@ 3 3@ 6
SAIFT (Syg1dihal 7.506286 7.506286 7.506286 7.530996 7.530996 7.530996
sAIDI (Tl | 17.415874 26.651222 17.672857 17.440586 26.675926 17.697567
cad! @G luflF iy | 2320172 3.550521 2.354408 2315840 3.542151 2.349964
ASAI 0.998012 0.996958 0.997983 0.998009 0.996955 0.997980
ASUI 0.001988 0.003042 0.002017 0.001991 0.003045 0.002020
ENS  (kWhr/i)) 46263.71 94586.78 46420.42 46402.22 94725.28 46558.94
AENS (kWhod1# WAl | 117.71 240.67 118.11 118.07 241.03 118.47
ECOST (1/)) 2,244,320 3,894,876 2,245,558 2,251,233 3,901,791 2,252,472
aldesm (Al 2,277,045 3,894,876 2,254,388 2,283,957 3,901,791 2,261,302
fumisAadiaindianon | 1-63 - 1,4,6,8,12,14,21 1-63 - 1,4,6,8,12,14,21

20,25,31,35,37,

43,49,50,51,56

20,25,31,35,37,

43,49,50,51,56
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