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(A Study on the Reliability of Electric Power Distribution System)
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Abstract

Electric power distribution networks are prime examples of systems where a very high degree of
reliability is expected. Reliability is the probability of a device or system performing its function adequately
for the period of time intended and under the operating conditions intended. This paper shows that a better
meshed distribution configuration over the case study of radial configuration distribution system was selected
by comparing the indices obtained from EDSA's reliability worth assessment of distribution systems program

Key Words : Reliability, SAIFI, SAIDI, CAIDI, ASAI, ASUI
.M = 2498 3159 AFEE .8.:1"3}—‘4 F2 Ao

G A I 3 2yl *1*%01 31
ﬁa}\]_{:%% @713 }'3’\}'3}‘% \:‘1:}_.1_1 uuy_}_ ),g)‘.l. 7-";5] 1}7] 7]02 ?-_}' e 9\1‘: Q‘%i Zé_,‘%]_t:}- ;ﬁ_q

g WS S5 A BE 9 2850 AWS AN2Eg AlY A, ¥4 42 Bsdley Algs

Eshs WA RRes A e 4 dck Ay 7 IR AVE 4 ARAagel Jgne 4

|7t wEY g Ao ANE ALZ Y &

v 2% BT AAA HF B0 @ S Seln FAs) Wl Aollel wast F
Tel : 041-860-2568, Fax : 011-863-7605 & #A3R= A& TecH1,23]

A0 Soratag e Rcks WA 42 e A% o rhse Aow

13HAL £ 20019129109, 23 44} : 2002 19 29 e 4 0tk Zzke] A7) bl ol FHElolER] A

AlALgE 20022 1€ 9
e - BRIBEBR G H168 H3K, 20025 55 (313) 61



HHEAIAEIO MO &rst S

2 Ao} A2 TR A2 AddEe %
A7) Adnle) AEsh Aage) Aol wE AR e

A% Qe BxE A7) dule] u% welEE
7iEon Alzde HHE NFHE A5 dFchs
Aol

AP 2 bd, $33 wid Alsdem T2
ok AYA2" mEE AFE Yrhshe RS VR
Bstr] fiel F2 Pdsted e £43ta ok

HANLRLE F87te) H71E FHdhks AHAT
o dRoltt FMRE F2 uigelu HE Fol
9% FFE Bou AF M2E AluA Bashed)
olglg& Zeth

F47he A4 AP WE FEWIE 4
o 7183 AZnE Wrlske Age AR 717
Uil W g, BE 27, B BEE Soloh

B =Rede A Aadel 7l s 3
7} AgE Fata, Akl A Al2HE AHAF)7)
A Wyoz A ALFA Y ALPe
2 THE UAANA B g2 xS daA it

2. HHEAIAEIO] Azl )t

Wadadel dEE AEe FESE ht
87 RO Fad BNl NE Prke
2 Rapuiciel A AFE Foa ANDT W
Nagel AAE A5E Foel urk Fas A8
e BHo] ok F7PEE AHo) T
A g W £4E FAoE BNY Wast AW
St +4718 FEsy) oFn WA A2Y A
2 2 W s edsEz &4 FUe Fus
she Aol Bt

HANade AAE Wk AY FEAAE
d $¢ Fde ndg TIH) A $00= B
$5)0 +47ke WYo) FIA god &4 =
gk AL FA B SN FEQ AT
g An $47)e £8& Azshor Yok

MEAAge Yol W), MEdE, 297
24 §o) AYoE o)FolAth 87k HolE 8
g olge) HEE B AHE FFeEC

R AYE Ast QAo e B
ARgs HF DRIl AHE Hrkz WA
£ FH82E woh HAsH) AMASAL WA

62 (314)

g5 A i

2.1 Aldlglx AST

AFE I ] Aol WAAAYRE P
Adule Hde Rd2 e deot Qo4 4 4
HE Aol wel A 7B 2dz vehd £ gtk
Two-state 22L& AH|7t B4 Fefolwdrt 2733H
AAE Uehle 212E Aoty .

Failure
Up Outage

Repair

a3 1. FHel MHze
Fig 1. A Two-State Model

Three-state 22(27 2)2 Auj7l FA4HE, 2
Foz Qs AA Aer} HAv}F g f4H A
HE AT Az PEgch a23e F 7] Y
g FE3EY 5% L Active) T2 BF Ay
o] 28 Yoy|E aFCE olue 1At HuE
AANE ) $F(Passive) ZL T}E A9
g JIFE F2| F F¢+E £k

Passive
Up Outage
Repair

Active

Switching
Down

O3 2. MIJHSl MEHR2E
Fig 2. A Three-State Model

Four-state (28 3)2 Three-state FdoljA]
A B4E A% AHE XA Aotk

.

Malntenance

Pasgsive
Up Outage
Repalr

Actlve

Switching
Down

8 3. UK MEe®
Fig 3. A Four-State Model

Journal of KIEE, Vol. 16, No.3, May 2002



2.2 Melxe X

A g 9% 71EHY e ARsdH
Alxae B nAE, WE 237, 2 BE
33 8exF Solrk Z K3l Holr] JHe] Ay
F o= shv AAHE YA Mulrt BF Ay
27} ¢t HE A$E 13 L cut seto)g} o o
7S] Adul Ad&(1), nAVIHy), 28jn ¥
Lal(u)E g e #AE Z2ed

Ay M
Y 2
Ay 3

A
7
u

A7) Asge [AMY EFE Y Al
o

23 i cut setd dAe Mu|F F JPF 2%
of Ud AMul2st ot sl Zfolck ojd Aol 7]
B A% AgE otgst e AAHo| drk

At )
A= 1+Al7’1+/‘27’2 (4)
__nn
Y = _—71+72 (6)]
u=A -7 6)

3 Ha: cut setd FAe AuF A A7 2
o] U AMujazt g HE A-folrt. o] Bl 7
E AT A5 otefist e AAo] Aot

A=11/12113(7’17’2+727’3+7l7’3) )]
~ 17273

7o+ veryt 77y ®

u=A-v 9)

A7 7 A= AFE SAZ 4 F3}
oMo HF AE AFE T

2 bod = 237 10)
Uisd = 204 * 7 Qau
Y oad = ;"‘I’Z 12

A BHE 7] AAME A TEE 4

EEH - BEXBPRFRGE F168 B3R, 2002F 5F

443 A5+ - 433

Aulel Mgz @ dold, a2ln Y FEo] F
2 g 871 &dg9d Sol dash 2 Ha
HelAg) Asg, 27 NBEERE TAR A&
g A9 g 7iA] AHE A$E P

HA, A2 JF nZE X4(System average
interruption frequency index, SAIFD)+

71 a2 Asgola, NE FIY idA9
871 Frold,

A2d g u%7|7t A5(System average
interruption duration index, SAIDD+=
SAIDI = M (14

i

AA7|q ue A7 27 Ageith
87 BT 2371 AS(customer  average
interruption duration index, CAIDD+

EuiNi

CADL = 5 X N;

(15)

B 35 §43 A4(average service availability
index, ASAD+

_ 2N x8760— 2N,
) SN, X860 (16)

ASAI

o714 87160 ddg Alzteg gikg glold,
28 gy F7 P& X 4(average service
unavailability index, ASUD+

ASUI = —z—ﬁi‘g‘m an
3. Atdieit

a4 4= AYFEYe] (1 Holy, F87F ¥
s d¥(15,19,23,26,30, 34, 3B3)A Atel W AA A
oltt. 7t Rk Fe FHFFLeENH YL
TEEAY E T shuel WA wA@iERy I

(315) 63



HIMAIARIO) MRG0 25t O

e 5 ok

Z} Au|(ERA, 2], A2, 2H, F8 F)e
Holy WS E wizl ohd el Hevh duis A
e Moz dZgch M¥Y 380 vl F e
2Mn 24 Alolg sMER FEAF= brancheh
gtk 2F7 4w d de e EE Od
ok Abe wpAAlage] Z2REEEE 29 5 Sloh

% 4

3
1—5 12 43 16 17 2 21
ki \b_—.—l_ \————-,—
gu g“’ 22
9 1 15 19 23
?5 DM ~_21 31 U3
i
26 k1] k2 38
8 4. AtdllthX AlAE
Fig 4. Single Line Diagram of Case Study
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Fig 5. Power Flow Diagram of Case Study
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Table 1. Branch Configuration Data for Case
Study System

Branch Components at one

NO.| Send | End | Dir. | Group branch

1 -1 4 0 0 (1.2,3.,4

2 -1 7 0 0 |5,6,7

3 7 4 1 0 [7.8,9.,4

4 7 24 0 0 |7,10,11,24

5 4 13 0 0 j4,12,13

6 13 15 0 0 {13,14,15

7 13 17 0 0 |13,16,17

64 (316)

8 17 19 0 0 19,18, 19
9117 12310 0 [17.20,21,22,23
10124 |26 0 0 |24 ,25,26
11§24 | 28] 0 0 |[24,27,28
12| 28 | 30 0 0 (28,29, 30
13128 (3]0 0 (28,31, 32
1432 (3]0 0 132,33,34
15 32 (38| 0 0 32,3 ,3,37, 38
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Table 2. Component Reliability Data
A fall | P. fail | M. fail | Switch | Repair | Maint. [ Ad fail
NO.| Type| rde | rate | rate | time |duration|duration| rate
(t/yn) | Wyn) |{occ/yr)] (hours) § (hours) | (hours) | (f/yr)
1| 51001 ]00]| 00| 05 | 120 00 | 00
2| 21002 |[00]| 00| 20 |200] 00} 00
3| 0 oo |oos| 00 | 05 [1000]| 00 | 0O
4| 1101100 00} 03 |100]| 00 | 00
5{5]|00]00} 00 05120 00 | 00
6] 0 | 001 |0005| 00 | 05 [1000]| 00 [ 0O
71|01 o0 00| 03 |100] 00 | 00
8| 2o |[00}| 00| 20 [2000] 00 | 00
9! 0| 001 |[0005[ 00 | 10 |1000| 00 | 00
10] 2 (00|00 00 | 20 |200] 00 j 00
11| 0 | 001 jOOG[ 00 | 05 | 1000 | 00 | 00
12 0 § 001 |0OOG; 00 | 05 | 1000 | 00 | 00
13/ 1001 [00] 00| 03 100|000 00
14| 7001 00| 00 | 01 | 10| 00 | 0O
15/ 6| 0000 00| 00| 00 }{ 00} 00
16| 3401 {00 00| 20| 20| 00 | 00
17/ 1| 01 |00} 001} 03 {100 00| 00
18] 7 1001 | 00| 00 | O1 10 | 00 | 00
1916 1 00loofloo]| 0o | o00)] 00! 00
2031010000120 20| 00 | 00
211 1| 01 |00 | 00 | 03 { 100 | 00 | 00
2|l 7 (02| 00]| 00| 01 10 | 00 { 00
28| 6| 00 |00] 00| 00| 001 00| 00
24| 1101 (00| 00} 03 |120] 00| 00
% 7100000} 00 | O1 10 | 00 | 00
% 6| 00 |00]| 00| 00| 004 00] 00
27l 31 01 100]| 00| 20| 20 00 } 00
2 1] 01 |00f 00 03] 100| 00 | 00
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001 1 00 [ 00 0.1 10 00 0.0
00 1 00 [ 00 0.0 0.0 0.0 0.0
00 1 00 | 00 20 20 0.0 0.0
00 | 00 | 00 03 | 100 | 00 0.0
00 | 00 [ 00 0.1 10 0.0 00
00 | 00§ 00 00 0.0 00 00
060 | 00 | 00 20 20 00 00
00 ] 00§ 00 03 ] 100 ) 00 00
00 | 00 | 0O 0.1 10 0.0 00
00 | 00 [ 00 00 00 0.0 00
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Note : Type : Kcircuit breaker)  1(bus), 2{transformer), 3(short line),
AUN/C switch), S(supply), 6load), 7(fuse), 8IN/O switch),
Hothers)

A fail : active failure such as short circuit.

P. fail * passive failure such as open circuit.

M out © maintenance outage.

Ad. fail ! failure rate under adverse weather conditions.

B . 50l Do

Table 3. Load Data

Load | Component Capacity Users

NO. NO. [kw] (subtotal)

1 15 100 50
2 19 80 45
3 23 60 40
4 26 100 50
5 30 80 45
6 34 60 40
7 38 90 60

0 4. 53t B3 o™
Table 4. Step Change of Load Data

Step NO. | Percent of load | Probability of the load
1 100 1.0
0 0 0.0
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Fig 6. Single Line Diagram of fmproved Case
Study
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Fig 7. Power Flow Diagram of Improved Case
Study
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Table 5. Comparison of Calculated Indices at

Load 23
Radial system Loop system
outage frequency 0.365164 f/yr 0375164 f/yr
outage duration 8572147 h/out 3.910058 h/out
annual unavailability | 3.130238 h/yr 1.466912 h/yr
annual availability 99.964267 % 99.983254 %
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Table 6. Comparison of Calculated Indices at
Load 38

Radial system Loop system
05150697 f/vr 0.5250697 f/vr
14,497536 h/out | 3.859132 h/out
2.026313 h/yr
99.976868 %

outage frequency

outage duration
annual unavailability | 7.467242 h/yr
99.914757 %

annual availability
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Table 7. Comparison of Calculated Indices at the

System
Radial system | Loop system
system average 0.427987 0.463744
interruption int./cust. int./cust.

frequency index

system average
interruption
duration index

5.584180 h/cust. |1.492240 h/cust.

customer average

interruption 13.047545 3.217806
duration index h/cust.int. h/cust.int.
average service

availability index|  0-99362 0.999829
average service

unavailability 0.000637 0.000170

index
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