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An Expert System for Protection Coordination in 22.9KV
Distribution System Design

T B OB -® M OHC-% F BHC-m OE £
(Ho-Yong Kim : Yun-Seok Ko - Soo-Kook Shon - Kee-Yeong Nam)
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AEAZ A SRR Ml 22 ShFEE Aed $47l A7 GAH BAAREE L
o7 4 7] Aol BEYE AAE W Foaleh med £ AFlME AP TFAL,
23 54, 24AF, $HF 22z AALSE FPAoE Laasw %219 Aok A9A A
43 AA Axol s LEYRE AAsE BT ALDE AU AN A A2
o weqz He, 5o 47 94, 2577 o 238 A EARR B4 £ 5L
BAGS, 1318 o del) HAL 7 FEE clolehel At ol &, elx 25 A9 A
Ag e Mzl dolE wlolast AASe, 4Egz AAE S8 Wed w3o|7|Y AFAAF

A4 (Time-Current curve) 7} ] Awo] Aol A A=l H-E7} A 282 32Bit PCE o] &3t 8t
g}, zelm AFRE ododE =22 3 (PROLOG)oly] wA =" x=d#e] A]A# (Geographic Map
Management System)2 93] AutoCAD, zely nAAFY ZHAALES s ZEezl =2 g0
A& o

Abstract- To design protection coordination for an electric power distribution system, an
expert system is developed, using both the veteran expert’s heuristics and the guide book
for the distribution facility operation considering feeder configuration, service route, load
characteristics, fault current and load current. The expert system developed in this paper
determines the type of protective device (clearing current and sequence). The location
and rating change of protective device in the old feeder is realized by using old database.
Especially, for new feeder protection coordination design, new database is designed. Time-
Current (T-C) curves of various kinds of protective devices are stored in Knowledge Base
(KB). The expert system is developed on a 32 bit personal computer using PROLOG,
AutoCAD, dBASEIIIPLUS and FORTRAN. To compute the fault current and loadflow,
FORTRAN is used.
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@, BEYRAAL AT ¥a Fhsen
ddted 4z F4 WAl A% AR W ol
AdAzst AdAZe] A REYE AA} A
sebeh 3, 23 W2 Eel, 2370719 B,
2370718 AANA, 2ol AASE AH
S TAE AR Ane FFEFE Foli
O ARE dRe uA7] Wi wigz AR
23—

o AN MBI ¥eEe nALAA T
23717070 5397 Aol 2AE AAsN o} ok,

o AES HAFRel HLoz A @S ofo}
ek,

— el A AR ARH ANL ol gekod o
Ashokst g,

debd & AFelAE AzPAs FEAe, *
H54, 1RF 2202 AAYSE 2o &
AR AT YA AAo] TAs] HAA 2

<

32 AL AA L3dx By, 2377
Elel, ®3|71e] AAHA, dIv|rle AA)E
AA B A7 AlA"E Aulgdeh, Ao Ala
He wlelzg AFEE o] &sted s 24
wlolAule] AAEL AYA AN A AFoHE
238 odojAr}, AEE oloj: AutoCAD, Z &
2 a8z ZTEZ ojth, AutoCADE wiAA=
TFA4¢ dafdelsis, AA" AagE 2 Hd
Baolch, AF7L AAHE ZEEa oo o &3
o 7¥Hc, 28z BaAR Y 2AAF AL
A A Ao Heq TEGHe R YA,

2. MBI Al 228

Rulebase

a8 1 ganE s £587
Fig. 1 Environment in operation of the expert
system
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e Al A~ ® (Geographic Map Management sys-
tem) [11]e1 A AE wvlo]e}E o] &3t F3HAF
o zAAFET ANPozH vIYxRT AAY
% qleh, v A9 A$E F3 dioeirt ¢
HElAl e Agolmz E JATFddAE oA
2 GMMSE %3l Az7A4E tx|Ere] 37
1} DBMSS &84 Az diojeld glygeozH
ZRA A AR AAE ARY & Y=F
st HE7)719 AAS AAsed 48 AR
HE7h Aade AFsteE @k, 21 A
7} Ala®e $£4384E ARsle 2yl o
1ol 2Ql 7t £z Edojy 75 H#d 2

oot Mo wf
B

2.1 7|Mojc] HEHE

NAdgtie A$ 2 Hriel] AAFH 2E Ay
447} dlo]elr} wiH Aujuo|ebuo] Lol A E
o] it} zE}xn o] Au|doletuiol e GMMS
of oA Atk GMMSE 23 gz AAA
AAA, Az wAdavz D/LES AAAR
By Fgdrol ojolel wlo|s HE|Aldlg FI}
o Jage daddcl4rd, F&7 FrE
Aste] M7k 3 dolels: SE&z 2
A2, GMMSe DBy Az-77k ojo]ehule]
2, ¥ dlolEldiel s, 47 o]l
Aulglo|elulo| 22 FA R, Wyl H o] el o]
25 487} dojeluo] 28t 1:n FAE F2%
t}. DBMSE: st #id4e D/L a8jz AET

AutoCAD Area

ag 2 WA A AT Axd Fx
Fig. 2 Overall structure of geographic map
management system

229KV giHYH R3UXE Y U2 ALY

QA LG ol g3l 7 MR Pl F4Ee
T2 A oAl &7 ol
Azt 7Y HEAPRE 4 Tea
o AZ¥th 2F2E GMMSo o4 Hel=
£ vlA Hejgg] Aage FARAE 2]t
aelz o] AAHE AutoCADE  AutE o),
AutoCADe] 7|2 2E-¢ AutoLISPo| 23
AutoCADe] W& nE3 & 28¢5 o vjd§g
W BEgz AAd Ped zdy deldE AHe
g &8 zeads A,

=
=

AE
=

2
3]
ol

3

22 MM REPX

QAT 2EHE AAE A4 Azl H@
Az 2o} delEsh Wl Adulse) Asgo o
Aea @& Aeeld ol Rojx: A$s B
aeba] ey AAAE AddAdze H4zFAT A
277 238 GMMSi} DBMSE o[8shel 3o
slof g}, a%3e A4 Az AE2THF T2
25 ARas] Aol WEZ AAF AT H
o] epul o] £,

23304 From Bus: AH2-37+8 &gl 2

|1 2 3L4J5 ls 7]8T9 10
ILJILLII lL

[ LlJl

o7l 1-2: AL |, ANE 3§
3 -4 : From Bus, To Bus
5 : g BYKY)
6-8: VY9 W, #7, "ol
9-10 : R¥77] 1/, Margin

a3y 3 AZ 77 dolguol &
Fig. 3 Line section database

Substation

Starting Line Seotion

Line Seotion
Search Routa
Brench Point
Protective
Devioe

N\

2% 4 R3J7Y 3F HE AN B
Fig. 4 Search flow of service routine for the
protective device
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s zo] g BEr|7| HELE AFHct 29
T AAEAY Bld, F7], HolE dAY 49
= (concatenated index field) 23l Az A4+ &
Holgtel, z8jzm To BusU=§ 7] -2 3l
N2P7 Are Adgo, 9 AAA} 293
3 e dolehol2g 4AT A% DBMS:
AutoLispg ol §3te WAL 4% shisel
Ehin o gEAL AR A d2Fzd
F A&}, Marging == 75719 From Bus®
HH 2377 AAAAR Y Az EA oA
A 577t giAbel e Al

DBMS: #& - naz® A4bo] o3 Fr e
A7y, X3, ARAg delet: FUYU:=
(common field) o] A o3| HAsled 7 &
fxz o AlFgtt, 2Ydse dBASEIE o
$3tod RE7) AR BF A2E 2 B
27171 AR FFAE A4 AA
4 Aol o,

2.3 GMMSE 0|28 HE7(7] AR
e #F

AA A= GMMSAbol A g g 2 Ao 9
o} Adx HAF Astn 2 Az BIU]|7le o
g etel-g AARc

1) 2Kme]stgl FutAd el djsidd F 243l
ASS (Auto Section Switch) 5 A x| gt}

2) FEuA Azza B4 Bilvh gl AS
234 2Km = A F3te] 4% A
of sl B ZF2AE AR g,

3) 2)8 ARl Adxrs Fgd FZo
Ha7b e AS AA AAE I AAR
gkt

4) FFAz2A daRAY o RiE TR
23l 2 EF2AE AATR

5) #7AL gEFrez FEAAE diozm
vt 53, Fu] K3l Fafsteln 1A sbw
Aol Be AFg HF2EAE AA{r,

6) 71Ae wxtez A FeRFHE opy 1
heAe] & A AMrdee|qE A g,

O
& ol

7

3. HETH AAY Y

daze Azue AYA A4y 7R
A A AZel 3 BHE AHAle|u(fact)
4 (rule)Bol &34 TAE A AFH
ofolch, & dAFeld Aw™ ARs Axde
£z oojz TRHE FAwels WEA Axd

M2
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ojrh, o] AFst AW WA M2 RI3gx A
AL HAs Beg AAule] 9l FE7|3, :Lall
1377 AAAe A ARxd Fsl AFE A4
e I
2ador FAHT, Aulelax A U EY
2 AlE AF FA5S Axe B3Pz AAE
A% FHEE ARse T2 wiolxst Azue
Rz e AFsHE AT B3] del
2832 2EFHHAA BLQ ol E YAA
o2 ARse doluhal dojrpulols FAH,
FE71HE ¥ dFoAM A Axpe] wel 47
o 2.2) (chol ko) wlolehulo]2) s} AL A
ol AW FASL wlmsted w577 AALA
oA g A% BUsn Yoo weh rEDew
#odz AT A 2rae A o 3
2 AZ3te 3 347 (rule interpreter) o] t},
aRlA $Hoz s FEe AT Ax

He A5 2aloh,

3.1 xjA{Hjo] A
AEsh Azwel AAolaE tholube] o]
ol 2ot FAuol sz FARG, £ AFolA A
A" e Alage 2E2a de]2 A4
. Zg2a ot A4 FHF2A FAHY
2 BERAL A7 A @9 Zeh,
Patterni : relation (object], ---, objectn) (D
A1)e el factd: BAstE o (predi-
cate)o|tk, o A(object) £ Fhrtel A EA
(entity) & 283 H |3t Heg 8450
474] (relation) + 7} tHALE Alole] HAHE eR
ok B3 A1 o] AMAA dedA AAE
& AAe R FHsE Aol AlEe 7 A
aFztel A8z #AH
Pattern2 : action part=

relation(Var], ---, Varm)if
condition part=
relation{Var}, ---, Varn) 2)
A2)e AL EASe dedezd Agis
_7:73:‘%’— TAHY, 278 7)€Y Z9A A4
ol Aol wFdlex o 435 AFr] S

01%5&4. et e Folz FAH ZE A4
52 =E20a9 el vim wlsh]Fol o) vlm
71 A vlm WAdEe] He(HEADE A
Heh, FE 1B A £9 F FAE 2U148
Bl s 7hdFol o3 FLE sof AYRE HA
3tz 2 g " A =2A4E d52 F
AFE Aot A uojxcll AAH AL ¥
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o
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BEE As 2 dE Aol delAl g
AgRel Wgo gAY Az TS
Fakeh, v oj2id wla oI SEE AEH
£ desht A (33 o] ZAH Fxd4le

o, W -h' Nlﬂ k&l
o2 mlo

Counter =Counter+1 (3)
gy Puwidhs vimgto A ubE odae] A
sz Z3eh, weld AFAEY 8ol glojA
71&e 22AA do]E ZERa olojo} 27
stod Al&sle Ze] wigAScl, ZEE I oo
A "Held 7lse gar Z A4 44+
dele F AAZA AR AHIAE Falde
A g o,

member (relay, feeder relay list) (4)

rlr

3.1.1 cjo|4e} ojo|ElH o] A
£ dFelA A" AAHE Ay 9By
FH "R FA4 Fue} 13V oA B
IEv AZTTY RaAdR, 2AARFSE AT
dho} tho|udnl wo]Eluo] Aol & AEhT
1) ujH vER3 74
WAz 35z dAe AdAse B30
o A2 Huol o8 A BI7|79} Fw
257715 #ldof deh, =d dlA MR £
A (tree; 2241 odejs)e] RFriidez FAE=H
ol 7 1A A% BAE el A7H
A44¢ meslo ¥k F, WMAAEZE 149
Qz7zke] 4709 dziziez dAsE 274
AAAE 27 Ao A A2 FRE WALl 7}
7+-¢ Z-8 From Busg, ﬂj_%—% to busg F A
o to bus+ AA ¥E7)7]¢] - Z9 B3F7)7
- AZ FL3 7] Aol % F Sleh A (5)
2507 Bdg 99 HALE FAE by
+ ruleojc},
network(Branch), (FromBus), (ToBus),
{ProDvice) (5)
17|14 ProDvicex FromBus®} ToBusz 4|
HE AZTo] AdA=E ®i7|7)eth, BE 7|
71 ZAAe #d3 #alAE zZew Branchyl
of o8 7bA# Eridez & - g, g
I AETE AR g E77E dojube
AR = AAR A3 Ao 43 FE ¢
gt
2) 13 MRAM
g g AaeE 14 xg zale]u gt t}e}
Abnzb g7l wiEel HEE A =zE wdA s
Zolty, zeleg 123 A2 iy 7=

229KV siHGA S WxR A HESL A2y

B3zl Waolv Hlrvlel AeE ol T
FAFE AAste A HAZE dojr}, ulela
HAIH ALHE AxdoXE A A A
o] dutd ez AgEa e WA HE YL
o] &3l 7 A AFE ALY 1A AF x
A3 2Ax= n, 34 whak ;A A7) e 3
AEol nAAFE A4 o] & o] &Eld ¥
71719] AxAY A nAAFd H4 3AAF

£ Adu,

A2 284 A% ALAL A (6) 3 et
ls=

3 xIbase %

(2R +Ryo+3R) 242 (Xs, +3Xt, +2X,, + X10) 2
100 (6)

34 B 3 AFARNL 4D 2t

Tvese
Is= Ri T (Xs, + X6 1K, )7 <100 @

o na AFE A o= 2 AF Y
g Zgg=0(Q) 4 ARAFE AL daio
HAAFE Zgg=30(Q)dw9 A2 AFE T3
o}, #Hal, siA Aghe 22, 9KVE FA438 5 glo
U Aol FrlE B3 B3o) wi ¥ o=
7) Wl A2H4E cheo

A8 23 AF AL A7 FHE ZAG

nge g <dAsln zE
zgawon sojz wAd AFAAL Tz
AYAA 2 n3AF de|HE cheluy dlo)e}
Holael Aoz AAgcl old AAsE A4
S BAEE g0l 499 2,

run fault if system (“Fault”)and

consult (“Fault.DAT) (8)
fault current ({(ProDevice), (Groundl},
(Ground2), (Short)) (9)

new knowledge if
fault current ({(ProDevice), (Groundl),
{Ground2), {(Short))
and Short(Ground2)
and assertz (fault Ampare ((proDevice),
(Groundl), (Short))
and fail, (10)

H10)Z AB)— (el s A" w377
23AF A olebEe] EA 1A AR 3
4 "R E vlasd & 455 A 2AAF
2 e AEF AAE YAt Fo (working)
wiefell AAshe A el e,

3) ®EHF A4
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WAdzel 2is7le & ARE AAd
AN L3577k AKRIAFE 74]"‘_3H°F gl
. "4, dAAE B3] AAAde RaAF
A FHo &, zH @ A dlo]
T FAA ] e BA {7} D}f‘——?] wif 3ol
EA o o3 dHelHE Awd 245 2L
2 dToMde 7 77 AlkAns el
o] £EF of&dle] MIF7re Hd i AFE
AlALg e}, Z2FA 4 23282 backward substi-
tution method& o] &3} ),

Akde dloje & do|efw|oj o AHAse] )
of, e Al AS Hsldlel B E gy sledo}
ghet,

run loadflow if system (“LoadFlow”
and consult (“Load. DAT”) (11)
load current ({ProDevice), (Current)) (12)

AL FE7 o8 2FALE Adso
zq) sz elol AAstE Aol 4(12)€ AAE
T dlol8 & F At tAEoiolct

:,VL e T rulm

3.1.2 & wlojA

AAFH AE7} Alzwe FaAsola= w377
o} A a9} 1171714 B, 2357|719 AA
aelx AFE AR FAH A3¥2E AAsE
o 49 ‘ﬁ‘i‘]E‘i T4Ht

1) MEXR HE o

WHA T FRAIZE AAN A

Trans. KIEE, voi 39, No FEB, 1990

AAH da2HE AJaB e AzAsl F7HA]
e dE 4 U=EE %}S{iff}. 3, T-CFAE A
s moslr] A AFEHol wel AEAH e
= #43 s xnf ESVY 222949
AeA A7 T-CABY A4E FA R}

cycle time((Type), (Fault), (Sequ), (CR),
(Current), (Time)) if
curve({Type), (CR, (Mi),
{Mx), (Time)) and
greater than or equal to{((Current),
(Mi)) and
less than ((Cuttent), (Mx)), (13)

A(13)2 T-CHAez4y F2AzE AAse
Aol dEEH, HZTEZLAHY Typeo
“ESV”, Fault7} “Ground, Sequrt “Delay” 7]
3 Currentzt “1733A7l 2% T-CFHdoz e
Time& “18 cycle”¢}r},

2) HE7|7|9 MEHE

2371719 AL AAsE FAE F¥ 23
7171ekel 4Egzst A5 HAWHAA Ad-sol
ot AdgAbe] AA=EE RI57E A FE$A,
A oA, FzFol glew oFe AE ¥
¥ 2577l A2R38 AAsY 45 Yzt
AE 5o} g,

a. =8 =

Fre A8z oA 44T & dow Iw
o nA YA AY Fzoh AN guslelop @

N

(Current}),

€ B377 AAAe A FsiA R Ad - F o, webd ol g Fxr) shEslEw A F=
% 23 AFE AR g 2 AAd el gl 3 o HADAAA Alge] Fu| Fzo HL &
w3t S22 718 #eldt: &ele] WeEtd o A 7ke] 75%¢0]stetol gtel, ol2d AAYPR HE
At oo Bl AU BEA9 AR B £ T-C 2Aol oajA] oo} Ak 4l(14)—(15)
9, 2 £4Ez Do Bzl sk AAHo = T-CTAE ol g3te} wrSoigon, g2} 7t
2 ARl U BAARe wAT Relk  F Ful F2E AFsE Aol
317 w o WAEZED 7cbE$ do|d, prefus(ProDevice, type, Rating) if
® 1 T-C curves| A<
Table 1
AR 100<C< 300 300< =C< 1000 1000< =C< 2000
65.2739100—00 34.4936500E—00 0.6607314E—00
—.4999007—00 ~/.1806139E—00 6.7264350E—03
6.707916E—04 4,1110290E—04 ~5.5416730E — 06
A= 6.022216E—06 —~3.1406680E — 07 1.3059890E —09
—1.947456E—08 —2.2399420E—10
—1.152500E—11 4.6876130E—13
1.320107E—13 —1.9248880E—16
—1.890357E—~16

124



BRPE WX 39% 28t 1990F 2R

load current (ProDevice, Value) and
fault current(ProDevice, Maximum,
Minimum) and

fuse (Type, Rating, LLimit) and
greater than(Value, LLimit) and

less than or equal to(Value, RLimit)

and

less than (Minimum, Fult), (14)
postfuse (ProDvice, Type, Rating, PRating)

if

load current (ProDevice, Value)and

fualt current (ProDevice, Maximum,

Mimimum) and

fafcoor (Type, PRating, Rating, LLimit,

RLimit, Fault) and

greater than(Value, LLimit) and

less than or equal to(Value, RLimit)

and

greater than(Fault, Maximum). (15)
o 7|1 4], ProDevice : d&-17tel B3 7719 o]

=]

Value (B Gk Bl R

Maximum : ¥ &+-7be] A= 2447

Minimum : 23 77ke] 34 23 F

Rating Ful F29 A4 AR

RLimit :%w] F=9o £33 AL
A9 @ A%

f-f coord :F =9} F=o ATHZ U

o] E}
of| 5o, A(14)0l 4 =kt Value “16(A)”,
Minimum “440(A)"e]s A9 F =9 AL 20K
olch, ela 4] (15)o A A Fzo FAe] 20K
o] & Value “45(A)”, Maximum “1800(A)” o] =
AT Yz7}L S Fe F2o AL 65Kol
b. 222X} F=
gEe oo Fz H2E o]y HHAM=
A g4 F=5F Ll s>y
FA TR e g nael MAHE 4 glojob e o F
144 B EReAe AdeaTedl F
of gteh, wal olEjd =AL whFA7HE g
ZF2HAM w49 A F2E =Ho
]_

sjof gt AAA} FA2AE WSk AR

A% Fo7 ML P2eeAe AMe A2
3 £AFAS G weh 542 AF2IHY £
AFAlo] FAE NERAE Fzo Higg
Fa3t wsstel APz ASAFE FRS 2
dn ALEAL UEA ARAE A FAo

2, 9KV i R TR G HEV Ay

o
<t
+
>
g
rlo
—n
ke
}o\«
N
N
to
~
@}
4k
o
io
b
L

Bl A Aw|o] Lo uhEoAl oo]Eluo] 28 o] £3)
o §275¢ F2E Adete FAolo,
prerecloser (ProDevice, Type, Prating, Grat-
ing) if
load current (ProDevice, Value) and
fault current(ProDevice, Maximum,
Minimum) and
recloser (Type, “Phase”, Prating,
LLimitl, RLimitl, Close) and
recloser (Type, “ground”, Grating,
LLimit2, RLimit2, RLimit2, Close)
and
greater than(Value, LLimit]) and
greater than or equal to(Value,
RLimitl) and
greater than (Minmum, LLimit2) and
greater than or equal to(Minimum,
RLimit2) and
greater than(Close, Maximum), (16)
prefuse (ProDevice, Type, CSType,
Rating, PRating) if
load current (ProDevice, Value) and
fault current(ProDevice, Maximum,
Minimum) and
rafcoor (Type, CSType, Rating, Max-
point, MinPoint) and
greater than(MaxPoint, Maximum)
and
greater than (MinPont, Minimum),
an
o] 7], ProDevice : d 2 F-719] ®.3 7|7 o] &

Rating  : v 2/ Z 2949 phase
= E]ioa] _g_gok

PRating :3u] 2o A L2

Value CRE P BEAE

LLimit HEAN7Y L8 AL 9
¢ e WE

r-fcoord :2]ZFE2$Ae F=ze Ad
L E B

Close  :2|229x9 achaf

CSType :2 37|79 78 Eql, X



BE4 2t B
Maximum : Hd| €2 7}15HF
Minimum : #4& = 7153 F
Al (16)oll A 2E71 82 2| F2 A o) E‘-i
He 2ET7Y HAdaAAdset ALaFAF
e84 F9 vwste] 4 (Phase) s 2|2 EF 7‘473
Ay, gz AANAM " F=9 FHd
AAF H4 2AAR 28z AAAA FA
of wel Fv YF2AHe Yz ST
zo| AAL AA%,
c. 2|RE2FHS} 2RERA
2 ZzeAE AdE 3dzx] AAE 4 3o
o, Fu ‘“43‘3—-?“71“ A9 YEFE+A 2o 9
A &Y 47 23 FAE kA dotok Bk, ol
2% El—’“i—rx'}ﬂ«l AzdzE 3712 LA o
A4 A9 4+ Yo 45YE §34E Fo
J AdAE $ReAS EYId $3E 23
£ odye Adeory goh 4w e

oo |
-

G

Aol 7 29 &% AAE FAQD A
Aggg, 22l ANY 9] FF2EAY 4

Fob Az el fE £4 - A 323A A (clear-
ing) A7+ A (18)ol sl A AA =,
preclearing (ProDevice, Type, CR, PI, PD, GI,

GD) if

load current (ProDevice, Value) and

cvcle time (Type, phase, inst, ckr,

Maximum, PI) and

cycle time (Type, phase, delay, cr,

Minimum, PD) and

cycle time (Type, ground, inst, cr, Maxi-

mum, GI) and

cycle time(Type, ground, delay, cr,

Minmum, GD). (18)
o714, Pl :phasesA] &2 A7k

PD :phase x|d 3} A7k

Gl :ground 4] 32 A7}

GD :ground A4 5z A7}
ABIEAUS 2FY2S A0 AN A
B3 AzaE sy BgEeded, ¥z 7]
A ZbAE 34 fsbAlel A% 8cycle, ESVY
A=A 2 F 2% 35cycle, VW.VEY gZz%
2 2.7cycleoltt, wetd RRREEFZ =79)
39 7 g2 A1F ARA ol4d BA AR
pRol #el, HEFRSAY A3PEv TH
48 Zejgtozs ofFo] Ach, wepa M=
o B3 Y2 23 wel 4AF A5H=E
7198 E F2o] we & £A4F AT

U

L

i
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B 2A3Y2E AT H &4
Table 2 Operation sequence for reciprocal coor-

dination
5 A Saed T4 o
HAYR/C |2F2DE YA o= T}, 2F2D

% WR/C | £A 8 4F 184 Aot 1F3D
HFuR/C A H4E FYIA sz | 1F3D
s.cE ol &3t A (8.0
TAEA g2 (4D)
Fu]R/Cell Fdhet,

d 2lg2exet Magalolx
Aol E 22 By T A
atgh BZoll AdAse] FAYG 290 e]7] wfFoll
gE2$Ae Pl 37AR ALz dANA
Ag 2 4 g od ¢AF AEY2E o F7]
A A detolH o a) A4 FRAFE ¥
v BE77]e A4k 23 A{ 80%eld b) A
A3lge Fvl 11717]1:} 18 A4 ¢) 28z
AqA7Ee Fu|RES 7)Y F A£2ARRY Aol
ghet,
sectiondevice (Type, Sequ, PTimes, PRating,
Times, Rating)if
sectionalizer (Type, Rating, LLimit,
RLimit) and
total (Type, Sequ, TAT)
minus(PTimes, 1, Times) and
multifly (Rating, 0.8 MRating) and
greater thand or equal to(MRting,
LLimit) and
less than (MRating, RLimit) and
memory (Time, LTime, RTime) and
greater than(TAT, LTime and
greater than or equal to(TAT,

RTime) and
fail,\. (19)
o714}, PTimes :3%u] ¥37|7]9 F33+

PRating :3%®] 237|719 ElARF
TAT 1 Zw] 3 E 79 Az
Sequ (Fw BE7) 79 FAEA

RATING :A¢ 23779 egdRF
LLimit 337719 &AL 4

@ ol AEAF
A9E Fu w3s7le B, EREA, B
A5 2ol EAAZel g Furzve 44
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detolA o] A4 FaRAF, Az A7E File
A-E FAZ),
e. HEA AHMIIS 2 2RRN
HA4 AF7)e AR FAAZ(OCR) 3 AAF
A2 AAZ(OCGR) 7t gleow Zbzt 4 masl =
g agegRe ARE Mg WAL A7
7 2 A4S A ol Aol wAIm
AY HE2rHed AZHRE o] Fojok dc), ¥
Aa AA7e 2]ZFZ2 A §2E o] F7] sl
A wAdA AAZ Y TR o] 2FE A
FRAIZR o 10cycleo] 4 29 7153 Aoz &
o},
relay (Type, Fault, Current, Sequ, Lever) if
total (Type, Sequ, TAT) and
cycle time(Type, Fault, Sequ, Lever,
Current, Time) and
minus(Time, TAT, NTAT) and
greater than (NTAT, 10), fail,l.  (20)

2

o} 714, Fault oA by
Current 23 77ke] ZAAE
Sequ CEA £
Lever (A A7) e "4 Lever

A1(20)-2 HAL AAr)9 gz T-C7|8E
QAste MHAH 2 FE A FF A7
10cycleo] 445] &= leverS & 230 s A AZc},

4. dAFEX

AAE dxvmE Aago] AL Az
#2] Alam AEsE Alave AAELEE 53
of EH2 HAAF, 45z 4A, 28 4
Eallo] e AR o]Fo A, F3, Aud A
T7b Alad2 wWAAEY FA4 F2E A
o2 AHsr] A AHA sHozA e £A
54 (depth-first) 714 & AH&3tsdeh, 25d= A
Adabe oF 289 $42 o] Fo] 2

A8 1) AAAE GMMSAlA AA iz
7b A4 Azelrth VA Adzelsbs: AAY
o, mkep A relw HxlEtelAE o] &3}
of A4 4% stz x5 28 R 2@
2 7] del Wd4, Hr ddas JHsn
42 daFale] A,

28 2) GMMSAel|l 4 GMMS2}e] upE o) slE
Bote] AXHAE et avpdol 2 43
ARl A n57]7]9 BelS A g

25 3) uteb AlA#r{e]md DBMSE %3led 2
o Zlderel™d ol HeFuE §sled

22, 9KV UMM RS HEE 9l HE} Alaw

_\i__,

Hj Abel
A3

_&_.

L8 4) FEZE REVVY AZTARAE
FAEE vEda FE, HF7]|7 7 B33
7 BBz A - A 23R, 29
FEAF AEE doluby] oo gl ul o] 2o
A" oo deloz A ol
A5 7 HHEL Hsicdeld A
el Fog dasE AAwel AlFHr},

28 5) dAAe HAF Fv] B3] HAL
A7) 2 Alzbel] A glo] leverd: 7
ot s, FAHE A F2b leverslol 4]
e levers] WS nzdx dede 7HA
sloll 4l BRIgze TAE AEY HAAAF
AR gt

28 6) A v=ya delele) d&i4, &
7|%-e ZRAelv E7]Alol #Alglel oA A
EEz ¢ AR s st H2F7
ol E AN, = obg o Ad2I7 oo
olE|Fol| A, AME X2 F7Lel From Buseb
& To Bkus% Ze o Y *di%%
dlojetd #elgicl, FE71HL o] 2L
) Fe Adzalel 279 4= HEsNE
ol ghet,

28 7) FE71FL 27 iiﬂﬂﬂ o] 7
gz By g o F FEIH
< Alz4ke] M9, Ty 11717]4 sy
etg] (FAF, RAF, RAS, SAS, RAR, RASS)
A% gt

28 8) 1 thgol FEINFL ATgE= FAL
8 A3yd=zE slsAstE F oREvvle
x{x-lz]g 7 A g},

£H 9) FEZIHL £H 7-925%H doidl g
Al & dlolel(conflict set) & choi}m] d]o)
Efujo] o AAgch, 1 ohfo] RE 2l
et HE Aglel ¥tExE #ldd, o
A o Eytew ARl 72, oz gtom] A¥

1127k},

Jiihdr

n-\mo

=
T
o
L

mo B mi

0:

29 10 2EAE TEALA A 2ol
YA 2E deletz e Hol F2 Qg 2
L oogeeds BRAE AFHE AR
3, 2 FE doldE AEs} Azded AT

ﬂw
28 11) AR el wel GMMS4el =
%-lgﬂﬂﬁ zeade 4847, o
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Fig. 5 Design flow for the protection coordina-
tion of distribution line
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2 Aage GMMSHY
H A4 e 282
A% oF 1004 A=
AMEe Hade 2

oA} AutoLispe 2 %

2oz 44 6849 T

o FASE FAHH, 759
o7 stelA shte) 23

; GVAA1753§ ‘31*%%4 ]

2572 Adsge e

2822 GMMSAl A
3 A3 23 62 AutoLispe
of s HAAH w3779 ¥

ERY

729 Mz

GMMS) Which case of new feeder and existing
feeder do you like to review?

a7 6
Fig. 6

Table 3 Subschema for loadflow calculation

A PAAE

A AR FA

Distribution feeder configuration for test

design

From To Z —Impedance z o] P—-Q
Bus Bus R X (Length)
1 2 0.20242 0.38911 2.55000 0.85400 0.33800
2 3 0.20242 0.38911 3.45000 1.27500 0.48500
3 4 0.20242 0.38911 1.60000 1.87500 0.84200
4 5 0.20242 0.38911 3.75000 0.84200 0.42000
5 6 0.20242 0.38911 1.45000 0.51000 0.25100
3 7 0.20242 0.38911 0.75500 0.28500
7 8 0.20242 0.38911 3.45000 0.52500 0.20000
4 9 0.20242 0.38911 1.55000 1.25000 0.52000
4 10 0.20242 0.38911 ‘ 3.45000 0.62500 0.32400
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GMMS) New feeder
GMMS) Draw new feeder configuration map
using drawing menu of GMMS
MENU) SUBSTATION
G-G) digitize installation point
MENU) PRIMARY FEEDER
G-A) input conductor size
[ACSR-160mm?]
G-G) digitize START BUS point
G-A) input attribute
[(P: 854KW] (Q:
[(CH: PUBLIC OFFICE]
G-G) digitize END BUS point
G-A) input load attributes
[P: 1275KW]  [Q: 485EVER]
[(CH: ELECTRO-MAKER]
G-G) digitize END BUS point
G-A) input load attributes
[P: 1875KW] Q:
[CH: HOSPITAL]
G-G) digitize END BUS point
G-A) input load attributes
[P: 842KW] Q:
[CH: WOOD-AREA]
G-G) digitize END BUS point
G-A) input load attributes

338KVAR]

842KVAR]

420KVAR]

[ACSR-160mm?]
G-G) digitize START BUS point
G-G) digitize END BUS point
G-A) input load attributes
[P: 755KW] [Q: 285KVAR]
[CH: ELECTION-MARKER]
G-G) digitize END BUS point
G-A) input load attributes

[P: 525KW] [Q: b520KVAR]
[CH: SMALL-MAKER]
MENU) QULT

MENU) SECONDARY FEEDER

G-Ajinput conductor attributes
[ASCR-160mm?]

G-G) digitize START BUS point

G-G) digitize END BUS point

G-A) input load attributes
[P: 1250KW] [Q: 520KVAR]
[CH: SMALL-MARKER]

G-G) digitize END BUS point

G-A) input load attributes

[P: 625KW] [Q: 324KVAR]
[CH: SMALL-MARKER]
MENU) QUIT

MENU) TYPE AND LOCATION
MENU) DATA OUTPUT

[P: 510KW] [Q: 251KVAR] MENU) SETTING VALUE
[CH: SMALL-MAKER] MENU) QUIT
MENU) QUIT GMMS) WOULD YOU LIKE TO VERIFY THE
MUNU) SECONDARY FEEDER RESULTS OF REVIEW? Y
G-A) input conductor attributes AAAE GMMSAtolA 23 68 ¥y sd
E 4 GMMSo| A tho]i}a] do]elulo]zo) #|-EZFH dfo|E]
Table 4 Data furnished in dybamic database from GMMS
HlEH 2 A F B3AF
A HNA 7] 7 sl AR 7] Bl el AN 30(Q) R EH | 0(Q)xe | 34 ket Pl Eeld A FekA S
1,1,2 none
1,2,3 recl—2—1 | recl—2—1 1918.9 404.3 3273.4 recl—2—1 124.5
1,3,4 recl—2—2 | recl1—2—2 1485, 0 389.3 2538.8 recl1—2—2 90.2
1,4,5 recl—2—3 | rec1—2—3 1230.8 376.0 2062.0 recl—2—3 38.3
1,56 fuse—1—1 | fuse—1—1 11264.3 371.6 1759.1 fuse—1—1 14.4
2,1,2 sect—1—1 | sect—1—1 1329.1 381.7 2467.8 sect—1—1 34.3
2,2,3 sect—1—2 | sect—1—2 1226.7 375.8 1878 .4 sect—1—2 14.5
3,1,2 fuse—1—2 | fuse—1—2 1348.6 382.8 2007.94 fuse—1—2 51.9
3,2,3 fuse—1—3 | fuse—1—3 1479.3 372.7 1901.8 fuse—1—3 18.2
22, 9KV T4 2T R HE ME7 M2H 129
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E 53% 4%
Table 5 Inference results
TE oo WA BE7| e oA | HF e L | AR e ek s | EREA R
solution recloser recl—2—1 400 140 4 3FID —
solution recloser recl—2—2 280 140 3 2F1ID —
solution recloser recl—2—3 140 140 2 1FID —
solution sectionalizer sect—1—1 224 112 3 — 120
solution sectionalizer sect—1—2 160 80 2 - 120
solution fuse fuse—1—1 80 — — — —
solution fuse fuse—1—2 65 - — - —
solution fuse fuse-—1—3 20 — — — -
B 674 24 AL g R3gz £4
Table 6 Protection coordination sequence for the each fault case
A5 % A P
A% 1 @4 Az - ¢4 | (RC1-RC2—RC3) *
A% 2 @4 A% -3 | (RCL), (RC1—SE2) 6,7
(RE1—SE1)
443 34 w97 | (RCL), (RCI—FU2) 9
A4 4 34+ wheh . g (S/S relay) Az A A

DBMSw 277k vlojetu]oj 2o gIoelA do
ELE ol gate] =RALME AE HB 270 A

£} Azdo] AFHE 27 32 ZEALE 4
@ Husslebd vl
GMMSel | g7 Azmel cholvie] o]z}

o] 2ol AAH wjd WEHZ, F3pHF 28
ZAAR A FFH 2o, 2AA A 8"
JlZ&A3e 100MVAole] 7]&xqte 229KV A
2elgle Asgkd ACSR-160mm?, $443 ACSR-
95mmielct, ¥ 4+ 2 AN Ho|e}E Mt
AErp Al Ar]e] chojud] dlo|gfu]o] 2o A

AR} TrAwo] o] A" 3 - A4
Abshe] zt B Evi7)e Asygzg n#Hd
A= 3 59 el

A7 Alado]l 2+ BE7|7]8 AAAE 9
7ol FE8 ol & oh& T wpicod,

A4, gEI+A A A3 AY EfdARE
BE377 4 AA 23S Ay g3 2Lm
T AYorhy Fejgct

A, & AWee HAdL A9 levere

e H4R B2 E 3, Fzoo A5¥H2E
Qe 4 9= E 4w IFIDE 2+

=
&

i

e

\1

i
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O™ 7T 4 2 Aol HF oy ma
Fig. T Outage effect for the each fault case
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2 AFolHE GMMSeE AE7) A 42HS oA
TE3 B3Pz E A, "oy vEeEda
9 2377 A¥E GMMSZEE ATwsE 3
Aok, wepAd AdARE A A e Ay
& olg3ted M2 H¥E - 29 oz A
Hog w3z FAE IA}EE sl 23
71719) A& Axe 3 HAelAe] AHAZ ¥ 57|
7] et AAHL AAAeY GMMSee thste o
FolAl o

BE7719 43¢z AdAE nE A2 (e
A A ErlAd)el oE HExR A,
ol ERNEH ddojal §l4] FEdlolelRzEH A
FAAZME Ze deolElE: AF 2 dgo 4
A Azol sl dAHF RIPRE JdL £ JYx

£ stdch, =3 o] £4A =®4 g 4}

wsoss BuE Egan A Az 11
B Auagtezd WAAE 414 7F2E &3
oz AP 4 YLF o

AN AR Aol A4 o) 2ol A%

w3779 A 53 AFTAel AAAFe] 9ok 2
21} o] LA]L mlo FE glowmg Yupm o
7} ol AHgEv Bt Aol 23 3l
el 7|A B3FEE FAEIFHS] AsME 4E
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