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Abstract

In electrical distribution system, many indices can be used to evaluate system reliability. The most
commonly used reliability indices are such as System Average Interruption Frequency Index (SAIFI) and System
Average Interruption Duration Index (SAIDI). To design an efficient distribution system with high customer
requirement, many other factors also have to be considered such as outage cost, life cycle cost (LCC) and
investment cost of protective devices. Adding appropriate protective devices in the system can effectively decrease
the outage cost by protecting public customers from local faults and limiting the affected fault area. At the same

time, however, it may increase the LCC and investment cost of the protective devices.

In this paper, we present an optimization technique to minimize the outage cost, LCC and investment
cost by allocating appropriate types and positions of protective devices according to system requirement constraints.
We compare our optimization results with the results from two other cases that we develop where minimizing
SAIFT and SAIDI are the system design objectives. We apply our optimization technique with a non-linear binary

programming where optimal results can be obtained, and several system design choices are reported.
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Tapyszanaudunsiiida “Wldannguyarmeni “sme IER, wiayamenu “smefliiaduiuiifiialdy Ty
umaniiisnas uyRlifiawindy 34043 vwssilainddands IR, veyaranal “svmesiaszaziin
Tngudewihiuanaduzasnsmiidwinty 2.1627 vndedlatnddeund SUYaAIANL BYNETDINNT
Twilganananluiindilailganeeanluidislwduwindy 0.04811 umdeRlaiadund [10]
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AN 1 doyavesilawmes (¢ =1 uaz ¢,=13) Tasfiasufila () wiriy 585625 wit
WATLIAT “UIWABWNRS (1) Wity 25.2438 wnil

q; A‘qi qu N, gi q; A‘qi qu N, qi
11 0.40533 142 34 18 0.17812 67 18
12 0.53333 215 53 19 0.55123 254 79
13 212267 237 103 110 0.86256 213 47
14 1.06667 212 28 111 0.17234 183 24
15 0.50412 246 62 112 0.63256 98 6
16 0.12143 188 32 113 0.82556 136 57
17 0.25576 172 84

g : olnanil i vasfinwee’ vinflawmeitani ¢ Ay 9ATIANNLBMIB0IS (ada/d)

W, : mdliuadefivilng o galvan [laTed) N, : Innugldluin

a5l 2 doyazasiiawmastenuin (¢ = 2 uar ¢,=5) aeiiviauily (1)
Wiy 88.5351 il

q; A‘qi Yai W, N
21 0.521394 0.639414 81 43
22 0.200035 0.357431 47 23
23 0.694322 0.481284 39 9
24 0.499022 0.885314 49 12
25 0.600958 0.223843 21 16

Y o 8991Aa emedias (ase/A)

a5l 3 deysvesiiamestenil 89 (¢ =3 war g,= 4) laeauily ()
winiy 455771 unil

q; A‘qi Yai qu N, qi
31 0.402173 0.116384 77 9
32 0.389024 0.831144 43 18
33 0.709822 0.569382 65 14
34 0.820032 0.687477 28 6
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AT 1-3 Lﬂu?”laEaﬂfsznaumﬁﬁnmmngﬂﬁ 2 mnﬂ”aga@iﬂﬂﬁﬁhﬂﬁLﬁmﬁ’uqﬂnsniﬂaaﬁu [11]
289 nWA. 1A1MaBRD1yNN3Hurssgunsalsadligniiarsaniunisidenldgunsailoeiudililslam
Wi K) mn”iﬁnmi‘fﬁaﬁm@wﬁm 4 978 ﬂs:nmﬂ,ﬂﬁ’miwmmaammqms'l“ﬁmul,l,a:a'lqnwﬂﬁa'}u A
w avlumswil 4 Tepidenslen wwasvesiwansied ssuazgUnsalfanouanguinsieil w Seldaen
asenynsliuseli o nsdlvesi Tilddiaduon mezih Fnmbiunadledeuivlea wed
uazgUnInifinnau
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HHAR Sﬁmmaaﬂmqm{(ﬁmu wm) | @) | 981 (VmA)
Slaa was
1 728,341.22 129 56,460.56
2 733,243.80 14.8 49,543.50
3 871,283.40 134 65,021.15
4 930,383.64 151 61,614.81
gUnsaisinnau
1 654,475.37 13.7 47,771.92
2 709,356.45 16.1 44,059.41
3 639,147.15 155 41,235.30
4 818,258.83 164 49,893.83
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waniiuas 9y umsaense 9ABelsunsu LINGO ﬂmmﬁwmmmﬁgmﬁmé"’aqﬂnsaiﬂmﬁuﬁmm: uit ald

13 13 13 i-1 i 13 13
Total cost, = [34.043 354, > Wi+ > A, 2 Wy, TT X0 14[58.5625(2.1627+0.048108) >- A, > W+
i=1 J=i i=2 J=1 k=j+1 i=1 j=i ’
13 i-1 i In i-1 i
58.562522) %Zwl.fkﬂlxlklxl Bt 25.2438_22) ﬂ,li_zl,wl_,kl‘_[lxlkl(l-xl @)+
i= J= =j+ i= J= =+

13 13
[49,543.55 (1-x,;)) + 41,2353 (1-x,3)] (16)
=2 =2



113 193FBuRsU Nas. TR 27 atfu@l 3 nangrAn-fuweu 2547 31

5 5 5 i-1 i
Total cost, = (34.043 + 38.5351(2.1627 + 0.048108)) [ >~ A, > Wy + 5" Ay, > Wy T Xy +
i=1 J=i =) J=1 k=j+1

5 5 5 i-1 5 i
ZIZ Vi ( 1'x2i2)ZW2j +Z;, Vi Zl ( 1 'x2j2)kZ;W2kIH1 Xon ] (17)
= J= i= = = =+

4 4 4 i-1 i
Total cost, = (34.043 + 45.5771(2.1627 + 0.048108)) [ > Ay, > W3+ > A3 > Wi, [T X300+
i=1 J=i ) i=2 Jj=1 “k=j+1

=j+
4 4 4 i1 4 i
le Vi (1-x3) 2 Wy, +Z;, Vi Z(l-xajz);Wsk,H] X1 ] (18)
i= =i i= = =) =j+
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13 13 13 i
Ap = lelliZNlj +Z;2'1iZN1ij1x1k1x1k2 (19)
= J= i= =+

J=1

13 13 13 il i
Ag = 258-5625111'21\[11‘ +258-56252'1iZN1j IT xiXus
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13 i-1 i
2525243820 Ny 1 3 (L) (20)
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