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SUMMARY

154[kV] substation takes the responsibility of supplying power to
customers in wide range. When a breakdown takes place in the
substation, interruption in wide range breaks out and may have a
serious effect on power supply reliability that customers require. If the
fault occurs in power system, The operator quickly and accurately
examinates this situation, and then remove and minimize the black—out
load through proper recovery operation. Therefore, when fault occurs
in substation, the need of the method to minimize and recover the
interruption damage increases.

This paper proposes an optimal restoration plan using fuzzy
evaluation function when the main transformer fault occurs in the
distribution substation. The elements of evaluation function are
switching number of circuit breaker and disconnector switch, the load

balancing and the black-out load. Evaluation function is calculated to

determine optimal restoration plan though minimization problem.
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1.4 &

154[kV] WA ¥MALE WFE A9 F87M50A AEE TFste
Agg ok mEtx WAL AnAdE tr R FHo] LA A
AE0] 873 GAAQ] AYTF AT HA4% 9FE £ + U
AEA T ngo] SAsH I RS AE AFS gostq AHEE &
TEIE T JAFE A AY Hagsteof 3o ez W
Ak ALTA] FAAAHNE HL38 D AEEA Bt 7)HES] /A
o] FUlEL glrh.

WAL Al B9 #dd A7 AFsd Hidce FHA Aln
A AolAdE SEALE AT AESF ALSA(ZEAF 1995), WA HEA
& BpAYd A7 A2 (Hun-Jae Lee 1996), A 797l =2&A
AA(Z. Z. Zhang% 1990), ¥ ¥4 AW ARF H FFALE A#d A&7
Al 2"l (daniel S. 1991)%- AAEFA AR HEEY) 2ZET FE 2
B FAE ol ST AEI} AAdA HT sl A2 s A+ -
A= oA L T}, .

B =EoAEs ¥AaL FuY7] AlTA BEFAFHES H3 Fo4x &9
EX o 7t wtEste BT ARE HAFES ol&dtd HAAIACt. A
A7 z7 3, 3t BE TTel 5748 AAL A% Huh 5t H
B Ztzhe] A g Aslstd HHe B ks AAdY. a9n
e F8%0 e SAHAEHAE asty FAFEI A4t % 9&
ZE =ZACAME A% A& HAAETE 9 Aln 3F
3 & 7 UAEE T



Io. Aol &

1. HAo] &

Hxe] &L 1965 vl B tlge] LA Zadeh n5e] 93] ‘HA F
3 o] E(fuzzy set theory)ol ML&oz Aol H @& Foloa tf
452 183 wEA §8H4A4 21 vt HA o|&L AFEHI} IF
HQ AFS 7tAR Aty Yatd2 387 YA QAzte] AMgete
FRE ZE dojHoz Jud RHES HAYY F UTE . 71E9
dA" = AAT 07 19 Adel 43 wd six =8& | 3§
of 3] &£39 1, ¢33 £3A FOoH 0, 1 o]l 03 1 Aol
FE FEAA HY, ] oin) 53 FRE XEE 7 Y= Ao H
A =7 oot dWtH o =uld A F - AR B HEPA
A FEHS BAY F, ARAES AZY BA0) g F - ARNLRRE |
#g3tA dote Aork uwgtd FAY =gdA dFRe HAE
FH-AAEL 03 19 o= P YEie Aol o F, Y dde
‘AR = U, AAY "= Q=09 27@2AY ghez JerolA o]
o] 2% 27 =¥ EE A9 ol§& wA E(Boolean) =g gt}

3, A AlnAAE 02 19 27 =gvk 7k e 17k ofugt
EEZ A F7F glok ol Az o TEE MHE 7 U=
2 % o]&o] A FHFelE(fuzzy set theory)ol™, o] o]&d A3
ZF-AAY ZAEE 0F 1 Ale]g AFs AFgh 5 9 A = 08
gk = 01 "3tq ‘Fd A 2}, ofF AR 2o Fo2 JEY
™, o] ot x| HAE FE3A - AAAE HIe AL HAA =
2] (fuzzy logic)gtx 3hc},

A7k} ARAAAAN dojutE E8 WAE AFHA Adyse] @ o,
FES| A He A S8 A AdolA 2oly £o st ‘Wol

)
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B QY OFF, e 59 2Ed& A2 YeUA Rdve Aol
AFEY ARE 27 =2 AARY A7t 7 = AAZ el
7] 913t 1965 Zadeh 5o 93] A &o] WEEA YE YIS E
i EPE wEse A ‘&), ‘SR ged), e Ax &%
gl e dH(fuzzy) =8 AAE BF= HA JE(fuzzy set)e]
& Ay, 2+ dAES 1 FFPd ‘48 A X (grade of membership)’
2 BRI FAFCE dojAQ oufFd BEE HFEI} ol g =
TE 3th waA, B3R i o] &8tE o}, ‘oY, ‘l§’ BE ‘A
o, ‘Foy 59 QIzte] Algdl= MEE HFH dojm Mg & U

2. A s

dEMFs v dFHAHAN YR oEREH ZAHDL “If-then” ¥
o] oA FALZ FHAT oY FAL FE AFEII Aoy
¥ g3 LR}, Tl 3t 73 o9& BA,
If Ais PB and B is NS, then C is PM.
A 9 Be 4¥ydsoln CE &¥dsoltt. 281 PB, NS, PM& Z2
WA FE Ao o2 FHHE 2 &S A #d{uzzy label)
ojgtx @}, o] o] FA A ALEHE AHYA HMFEY ot
Agxor w¥37] st W 43 (membership function)& AF-8-3
ok o] W4 Fre dF EBE oA AoH T Ego uheh o
7HA ez levt oM E A4te]l folstn YutH oz Bo] ALE
e Agge dv g F4E ALE3F Y.

3. HA F&
ZFojz AbA(fact) ¥ TH (rule) 223 E =gdoz g3 ANZL Al
Ng FZ3e AAL F&80)8 it B HoME HAFE9 J|Ro] 3
Ao =

= TAARQ] FEWH ddld Jledy 2ZRE AYgH MAFEL



A7) Fot
D) 284 &

1AAQ F&(classical reasoning)olA e A< FA o] FHI] XA
AV 2H3 2AY Aoy dES TEEe WEeE dYFE
(modus ponens), ™$32(modus tollens), 4 =" (hypothetical syllog—
ism) 59 ¥ o] &gt

D 99z
A 93 E(modus ponens)d Fe = &3 Fo}

Premise 1 xis A

Rule s xis A, then v is B.

Conclusion »y is B.

A F 2= F3 9 AT #AH AbHdo] EAY A 7 E
BRI} AMAER FEHE ALE JdF BYH EJr-%-l A8 Agdd 5 3

t.

Premise D 28 Agolt,
Rule c 27 FpolH, 29 i Aot
Conclusion D29 W Aol

FAG AR AT ) ARG e FY AU TR

T AR 29 v B HYU MESE AL FEIY.
@ U+
)95 E(modus tollens)d] &= vhg3 2o}



Rule - If xis A, then vy is B.
Conclusion © X is not A.

Ht-Fedre TR FEFE FASE Ao &48 A¢ T
AANEE RASE A2 A4S 225 Ao d8 89 gLy 2
o

Premise : xE 39 w7} ofu]t}.
Rule : x7F 94 wiold x+= 39 w40l
Conclusion  : x¥ 99 w47} o}yr)

FH9) AeRE RASE “x= 39 wFs} ok ebE Abde] A%
D2 9EEAAE AARE RASE xE 99 West opiPaE
AEg =& 9

2) HA F&

Folx A FHORRE EHoE B3F ANZE AME =53
E AARL F2o|7 Bu) 7|E9 ojWEdd vlge T F2UHLS ujS
gesty O AR JEstaou, A48 4 JAx HYs A YN
T 1A Z22Y F A9 A “If P, then Q78E 737 Pahi
AHdo] FolAW Qe MEL AL FEH ¥ F Aok 28U, oy
of Ab&xE WA P Q9 I gro] w=A) 07 159 shbolojol @
e Alofzol gl ¥, Fae HARd Y= A P A 5
A FAt AR EAstdolTt F3 o HLo] stEE AT
=3

W A FE(fuzzy reasoning)& \_{-l Alpo)] B}t ZHEF FEL T3
a7 ot nAAA FEWWL Awrgsle oAEgyr MUY 5 ¢
A9 BEL Ad2YA R ¥ 5 dE FEWd wah, F3 9
AA R gle HAS 9138 XA @ Ao FojxdEgr BE
Ao AL 2% $ = 2Eyalolr)
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TAFY F2EL gdutald HAFE L dutdd dYF2(generaliz-
ed modus ponens) ¥ YutstE o §-F & (generalized modus tollens) &
o] e}

D gutslg dH9FE

dutzlEl 9 3FE(generalized modus ponens)E =283 H 7

2},

Premise P x is A'.
Rule - If x ig A, then v is B.
Conclusion tyis B,

Al dgFoAe FH Y HAARS FYUF ALY “xis A" &
AEA] &3, o)9 BlEF “x is A'Mo) EAE AL TFH FEF
H &3 Yy is BVEE 284 543t
@ ¢4wrstE g$3E

AwtstE o 9-F & (generalized modus tollens)) Feje &3 2o},

Premise 1y is not B'.
Rule If xis A, then v _is B.
Conclusion © X is not A’.

Qutste WEFEANE FHY QeRE 2AHoT LA Yy is
not B Alde] EAE W ARe2A FHo WARE 2AHow
3Rt Y2 AAE FEQL. F FES) AFE “x is not A7 ]

t},
4, v] 2] 8}

HA S vHAges dFsE AL H)H A 3H(defuzzification) 2 o},
HH A 37 {4 oz FAHE #HAZFosRE REY Fxgh

(crisp number data)g& ¢+ H@AX o]t}
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u=defuzzifier(B)o.2 7]& & 4 dom Hdg Hd(max criterion
method), Wt 7Y (mean of maxima method), 5 A %4 (center of
gravity method)@¥ o] At FAZAHL 718 %ol AL&3le Wy
02  up(wd FAFAXST B'Y wHAZFeR AosteE HHol
123

f#y(u)ua’u
u" = def uzzifier( B') =—#

(1)

fuﬂy(u)udu

ugdu)

A&E

1 Y U

Fig.l1 Center of gravity method



1. 97184

154[kV]hﬂz%i94 UutA Q] FEE Fig. 1] Wehidch 229kVIEA

L 2% BAQ AHEAN sYRMder FHHI, 43AE R ZBAE
A8} Eto] ZH7|(tie CB)S BZ7I(DS)ER AZ ] Jor, Was 4
A ZAe7(section CB)E A% AU, fAMRZAE M2 BEE 9
& Aw7|7t AR EHo e FRE B

Wet7] AbIAl A f]del A HEe] FFHE MANZES FH
g2 o] A HIIFL AL3A Ad WSir|E AA FHejok &
o 2E HgUE 2 gESHes pEstn ARARY Ad)e F
T JNukgot

#
A T A

#FIMTr #2MTr #IMTr

WP LT
e bk e e

a0/L b DA cDA d DA eDAfOL  gDA hDA iDL jOA kDA DA

Fig. 2 Structure of the 154[kV] substation
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M7 A¥zde 4, 34 578 A 97 e 4oz %
dg,

BAFRKkVA] < AF8F( M. TrIkVAD (2)

Pl=aLB + BSN (3)
a8 FIAEFEFTH 29A B AT 7HEA

- FatE % (LB)
| T.°— T?%|
tE = f; n @
AN T,=-1 A Mgl AN s

=T AR g ANeR

olt}.

- =93 3+ (SN) 43}
SN = mm( ND5+ NCB) (5)
A7NN Nk B27) 2A850l2 Nypt 487 23353 dehdo),

AAD/LE AA B4z dAA A7) 22 F4e 2Ad7] 2F23 471
A9 dAsteg gd=r] 2335 n2 233 357 4Ae] Aot 2
duz g2y 2545 Hagsty 7hEE Adr] Ao g HAHREE
AA4 & & e AGF2E Jdstojof g}

dddze Rark Mty AfE&#E 2AtE ArE FHUEHE

eiete] AAstE AT HAa0t HEE doh

ulf
=

_9...



2. JA 33 A4

A BTE A% 524 737 A4 F+E Z2FZE W HA JH@
Q1 SN# LBE A48 AAFFLE AHE3IY old Wd HAFE 73I&
A HAAe EFAZE dAFL Fig. 29 (@9 (e Hrigsd dd
A g g 2A FE 1FE JERdT HHA S E ASE42 39
He HAFE Aty dA2Zd goz Ade JoE duize
= o F¥H, o, FA FAY 5 99 A7 dey oA E
v X8 WEFeA PE REAog 2oly FA F4W(center of
gravity)2 AR8-3} T},

AN B7AYE ARG 9 HA FHE AHEEY 2z #HH

bl g @& AT F A7)d HFEAE Fu e At
HeAE EEAY 43HoR AAE 4 Uk

ulSN
1.0

0.5

If SN is LOW, then PLAN is VERY_GOOQOD.
If SN is MID, then PLAN is MID.
If SN is HIGH, then PLAN is POOR.
(a) Switching number
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u[LB]
1.0

VL VH
0.5

0 025 05 075 1 B

If LB is VERY_LOW, then PLAN is VERY_GOOD.
If LB is LOW, then PLAN is GOOD.
If LB is MID, then PLAN is MID.
If LB is HIGH, then PLAN is POOR.
If LB is VERY_HIGH, then PLAN is VERY_POOR.
(b) Load balance

Fig.3 Fuzzy rules and membership function

2 =EdA Age dneFe +PEAE Fig. 3¢ eI
Y7 At 2L sty ¢4 FAdze F¢ Ad71E ARE F
28 A wdrE A"9d Af8Fe] FARFRYG T FeE
DL 4ae M@z AAdE we 29§ adse LBE P40l
olgf T8 gol 1& Z}dte AfE W7 A §%L 24 A
ojoz B utolA Ae@ct aa A Zzte) Wt Hg B9
£ A(CB, DS) =& Wte HHst fuzzyB7tE HAS B
PIE ZAAE F JHo S9dets AAU

dhde] of f-8Fo] AARGRTG HL Afoe +AEAS A DAL
d RaE nestd FREGHRZE HY - Bata, U] A2 s

fl
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e WHAZ DAL %3 BA 2% Bt

{ Fault occurrence )

CB open

No

M.Tr select
.Tr margin >= Black-out load

Yes Restoration of Priority load

LB consideration

s/s conversion of black~out D/L

r

CB. DS operation

FUZZY evaluation

Fault restoration

{ Fault occurrence )

Fig. 4 Flow chart of proposed algorithm
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V. A a7

B =& M= Fig. 19 HALAM #1, #2, 43 Hg71E Fdldq &
25000, 26000, 32000(kVAlZ A& FF3HP T #1 WAgr]e nFe=
25000(kVA]Y AAF37t S Ao distq Age dunEFES T
st

W) o832 #27F 14000[kVAL #37} 24000(kVAlZ} €t} oA
#29F #3 ¥gty] 5 Addct, SN# LBE T3t Z2 045, 0559 7}
FX& Fo AT

#MTT f #2MTr #IM.Tr
#41 A1-42 wap 4‘2‘:3‘_#43
411 9421 04141 @ @441 Q451 61 0471 OB241 0481 0491 4A1 §4B1
100
41
12 Ole22 O 4142 442|@ 452 62 @472 @4242| @482 |@492 A2 4C2{(402
+ i {
#45 4545 ** 46-47 #47
427 1437 447 457 467 | 477 487 | 497 4A7 | 4B7 4CT | 4D7
abL bOL cDAL dDL eDA DA gDL hDA DA jOL k D/L

Fig. 5 Structure of the 154[kV] substation
after #1 M.Tr fault restoration
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Table 1 M. Tr and D/L load before fault

Ho) = (KVA] = (kVA] £9
a D/L 7000 1
b D/L 6000 6

#1 MTR 25000

40[MVAI c D/L 5000 9
d D/L 8000 4
e D/L 6000 12
f D/L 5000 10

#2 M.TR 26000

OMVAL g D/L 8000 3
h D/L 7000 11
i D/L 8000 5

#3 MUTR i DL 9000 7

S0[MVA] 32000 k DAL 8000 >
1 D/L 7000 8

Table 2914 H7tds 23 o] 713 & #
D/L& #3WY¥71Z b, ¢ D/LE A SHeH7
som zash ZAEME Table 30 XA Fig. 404 Az

7 5o ATEE eI

©

2
}

#2 WHY7IE a d
€ a d bcD/L

Table 2 Restoration plan when #1 M.Tr faults

NO # M. Tr | #3 M.Tr SN LB FI
1 d abc 0.602 0.627 0.619
2 ab cd 0.579 0.729 0.661
3 ac bd 0579 0.762 0.680
4 bc ad 0.579 0.783 0.691
5} bd ac 0579 0.751 0673
6 cd ab 0.579 0.758 0677
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Table. 3 Switching sequence when #1 M.Tr faults

A SW A o] 3 e
1 4142,42-42 4100 on
2 421 on
3 422 off
4 427 on
5 452 on
6 451 off
7 457 on
8 45-46 on
9 437 on
10 447 on
11 4100 off

#39t7) mAA AARIH32000[kVADZF 58 2(29000[kVA]) K.t}
Ang AL} AFE%EE BT i, k 1 D/LE A€t j DL ]
D/LRG $Ae$7 AT AfE%EE a2z g SHAEA =
< 1 D/LE A™std, LBE n#dte] #1¥g7lol k, 1 D/LE #2979
i D/LE ZAAI HAETF E715$ k D/LL B vHd42 HALHS
ghrl.

_15_



v sEdAME Hdh FUEE AlnA BEFAEE 98 HoAES
oj-g3tPer, o] FrtFFY ANE A3 WA FEI dniyg g
o]- &3ttt

[rb gpelA nEgt B8 g FE3te HA N0 238 3A5E
AAsa &FA oet JMFAE F1 @Y n AAARY {3
7b M7 ARE&FE A3 FEE AR FoEd wtE $H49
st A SE FHEIN} A4Vl HESSPow o A 9
g ket BTEAYE & 7 A

=
=

=

=

i
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