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A Discriminative Logic of Faulted Elements for Power
Systems Automatic Restrative Operation

by Koichi Nara

When power system’s constitutional elements are dropping off by a falut, it is
necessary to find and remove the cause of the fault, and to restore the power system
except faulted elements, because of the reduction of blacked out area and to maintain
stability of the power system. So, in such cases, the faulted elements must be found
immediatly.

If we want to find the faulted elements at the dispatching center, we must infer
them from the state of protective relays and circuit brakers, after the faulted elements
have been removed from the energized power system. (we can not obtain the informa-
tion of the sequence of these apparatus’ action owing to the communication system.)

Although some reports have been published by which we can infer the faulted
elements from the state of the protective relays, a redesigning of existing protective
relays must be necessary for practical application of these logics. So, the author
proposes the discriminative logic of faulted elements by which we can infer a faulted
elements from the state of existing protective relays.

In this paper, at first, the author proposes a discriminative logic of faulted elements
by which we can infer the faulted elements from the digital information that is made
from the state of existing protective relays and circuit brakers after the fault.

Next, the author confirms that the proposed logic is very effective for practical
application, by simulating the logic using the data of real complex faults which have

happened in some electric utility.
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Fig. 1. Digital information from the protective relay.
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ij/—Fi&/HFj%ﬁﬁ?bb%MﬁﬁCmFDﬁ:T
N =¥ il s~ ¥ juERTHL < Ws ON OF: F
J—F ik —FjugEkTsl cHBCHET s j>i
My ; {ﬁﬁ]ﬁf%%%%ﬁﬁii%ﬁﬁf’?fb o G
ER LAt . F
ks REKBROBIFH AN, —Fj>/ —FViok: T
ot {%m&%&-zsowmmz J—Fi>)—FjoRs: F
(/- FieREAEET sk T
’ {J:EEU% TR
D; Fc X v IR BEESH, — ¥ OES
L; @2FHHAD /- ofs

[Th. 1] FBIEFERAD R CATTXCGETH D O CTLRIIAK T %) 2 iR 3
BREBOEREDIFCHMIN, — FRFEET S L&, HEAXED/ — FEFET
%, (K-2(b) &)

%1&%, le:F 1%’)7‘:?’\;1@ ]e {DU L} xR LTC Ml]nX“:T(lED)
b
J=T

GEH] W%, IxT EETH E, Ji=T(xieD), M;;=F, Muy=T TlsithiXisbls
Vo LB, My=T, My=F TH5hb 2 2L EOREJRBERELTR TH - LT
D, 3.3MOEE QK TH®ED, Zhix, IxT ERE LD THSD, LoT, =TT
e bicv, GEBI#)

B—3 ITRToOREMRERBIELR—TROH
Fig. 3. [Example of that all protective relays’

directions are the same node.

(R 1) BBREEOBEIMTHECR S REFTLEENRE I L TE ), 2EAULORRIWL AT
HHH, RELGBBRECHECILNY L HOREHJEEE CREL VWD L1,
Zo%E, HRMCX2ERUAEORR IHKL#E-, LarL, —f&icix, 1HET2HEEL
LoEREERELBAL T, 12o0%BEOH (K) BER, 2EEUEATROFEDORKL
T 5,



56 RS

[Th. 2] fD 1 DL kD, — FEES DD/ — FITk T, TXTOREMEILED,
&hﬁé%@/~bﬁﬁkbfﬁﬁbfbé&% FD 7 — FRHEEXBETHB, (K-3)

%&mw&;FT%oL?NTDﬁWDUULﬁLTdUJN%D
oY
Ji=T

EEW] 3.3 HiDE (2) X b REMEEBEIR HErd Lidiel, dy(=T) BER
haiebid, ChETXRTELVWHREZRLTWAZ LS, LIEAR-T, WELXT L
KETHED, P ld lo0REMBEBRCK VT A>T ThriFThulib T, FHFCK
+%, XoT =T ThiFthidibicv, GEWK)

B—4 < onoRHEMERBEL IS RO

Fig. 4. Example of that some protective relays’
directions are external.

[Th. 3] fFHEMEEBOBEI MBI AL R LTS/ — FIZFHEE TR, (K-4)

d WNEZEZh AP b 120 je (DULY X LT diyxT(€D)
e biX
JxT

GEWI] W%, =T LKETHED, 3.3HOKE ) L b, ERXRZhDZTNTD ;I
ST dy=T ThiFhiZiebitl, LadiE, dyxT Thh, KRECK TS, LoT/—F
L3EHEB TR AxT), L, V) v—DRRFAERE - i, BO%i%, — Fic
ZrBAdy=T Thh di;=T Lixiebis\, GEBRK)

¥7:, )V U—ORBHAR Lich o Tl & o lehiie, FHRXE X VR Shic, — FE
%X 57/ — FIRonTh ARRCHKKE Tt & &hibh s ™2,

[Th. 3] & X b FEHXELND 7 — PR L, [Th 1], [Th. 2] 2@ 3%/ — FH
7L, o, /7 — FRLOLEL Wb IEFREXKHITHTHS, LrL, L, 12T
) — FRB B awiE, UToX 5 cFXEORMATRETH S,

(M3 2) KoHE (Vv —oBfEsE) AARHOBER, TORORMEHXMEAAkLL TR LD LT 2,



B B IR R © 72 2 o H5 i X R HE & f B 57

[Th. 4] [Th. 3] © X WY FHEXMHRAD 7 — FERWIK, Bot/ — FOWThs
CHBKENFEL, Fole/ — FAME—DRLE, ThAXFREKBETHS, (K-4)

[REMA] 3.3 HiDfE (1), B) AHHEHIZLT D OEFRICHFLEL, [Th. 3] THLcH KX
BThwEdht, — VD, — FREFELEGFE b, Lo T, BHD/ —F
DME—DTHBIL D/ — FUNCEZBFELES 7 — Fidiel, 20/ — FAHEKXHE
ThFhE b v, GERK)

LL, ot/ — K20 ETHBEBIE, B, KO X HSTHMUIPFETSHS,

— i E R E B

H5 75 1) 7 B i R EBIE (B F71m)

X HE

CB ®ff

I ik X

iz 4

Y LA

BE7e L

EREBIFO LT
SRS RIRMZL

EREBEOL T
SHESINhIRRB b

B—5 —imERHEBEOBHE OHERBRE
Fig. 5. Inference flowchart for main
protective relays’ act.



B8 xR # -

[Inf. 1] —¥ERE (F P BMHEELB) CHIF LREMTLRELFFO/ — FIYF
ETHEER TO/ — FHRAREXECTHLAREELD S,

— W EREEE LT, WHARBEE LI ERHREDFCHE LRV, b L, flmd
FTRCEMEEBE (AHR) THEEHE, [Th.2] XL D/ — FHAFEXEE
ha., LaL, AR BEoSa Y, £0 /7 — FeHgXKHE LTHEET S LIxREET
Hh, RDOXHSCHECHT CTHRTILEND S,

WE, i EREBESATIE RE X » £ 2R FERBFE LR hiTisb g\ T),

‘ START }

{Th. 1]
2Y) V-H—
J — FHAER

NO =

\ (Th. 3)

AgHEARET Y v—2ns \[Th 4]
7~ F, %Eﬁm ﬁﬁﬁm
) V- DBEIC L h RS %KX B

L/—I‘%‘[‘?'ﬂ‘?éfi:t L
— FO¥H L

Ve £

tLi 22PE

ERBEYTE TR

wgEmAy | [Excogsh] |4z cenns
B8 /| | w i
£t = FET<TH [ < TR
wEMeTs ||eva

H—6 HEXHHEEREDO 7 @ —F+ — T
Fig. 6. Flowchart of the discriminative logic
of faulted elements.



B B IR A 0 7o b O F K HEE TR AL 59

HILX B O R ERECHHEI T (IR AEE) LHMTHZ EATE, ZOX[HE
FHERXEE LTHETZ S,

¥, L, MMCEREBHEOLXTHEEINLKENT CCFET HbIE, FEFRLDL
FRRERENEBE L HETE D, Tivbb, SEHEK TGO ERERRBF F 13k
HLTWSEREFHAEPBBENLOVWThLTH D, ZOVThE BEIERXTERL,

Thic, HMEREBED , — BB — VEETHHE COUED Y v —2ARR TG
NEEST, 2.3 MOMEE ©2) »HbAKE DBV OREH) b RRICHFEXEZEETE RV,

UL, 0k 5ickERRE LLBA R, EEROEELYWE TS, —imERED
fECLeliShiz/ — PR TS TRERKHMOTRRD D ET5 0L LK,

PEof#imBRrMRTsE K-5DL51Lb,

XC, ¥big, [Th.1]~[Th. 4], [(Inf. 1] KX > TRABININX 7Y V—DEIEY —
A (fo& x1E, BREHEZBMHREORTHRE) BELLRDD, ThbDr — Ak, T,
2EHELEDY) v—ORBRES ¥ —AThHH, AFEOREOHMELBL TV5, Lo

A

O —

o4 gk
Y

O; EREBBETL ol O BIHRBHETL oW x; Wik OFF

MA; ZRBHE HEFKZHE; 6, 7

(b)
BH—7 #ELoO @) RHERE (b) % 7 7
Fig. 7. (a) Example system & (b) Equivalent

graph of Example-1.



60 % A E —

T, ABTHEET Dy — AR ECRLS IR T WS,

%2 C, [Th. 1]~[Th. 4], [Inf. 1] % Z QK CTHE L, ZhbOFMRiLT 5 KEZT
RTEHKE LTHETE LR LT, FHEBEHET DI LNTED, COFHE 7
r—F 43— DK THE-6IRLT A,

5. PIBEICKBRREOVIaL—YaVEEE

DB LB o, REMEEENE LBEL, ERE CHEXEOLZ EH#IC
Bk Licsmacit, By SRXMEHNTETHSLZ LXWULNTHS, £ZT, ZIT
BAREOE DU AR T B0, EEICRHECRAE LM 15 Glod e B OH &
PETHEBEAVCTY § 2 V—va Y LEKBROWORT, Bl Fig iz L v b
foteab, RERK LT 2 M REMRTELEERBE X 0B ABE LA EEhTV2)
15 I RTE OV M AT HZ AP E LD, MEOWALDL, ELIHEET LSS
L LHERRLBEORENTHD EBLRD 3 PIOAREFMIC L b EF, OB OWTIL

- >

v v

O; ERBHMETLN  @; RERBHETL oM x; Wk OFF
(@)

MA ; EREEE, HEEFRHXE; 6, 7
(b)

E—8 #ifE2® (a) RHR L (b) &ffi 7 7 7
Fig. 8. (a) Example system & (b) Equivalent
graph of Example-2.



F BB IR B0 D 7 o> o it P[] e o i B 61

F20D-BRCEROARERTICE EDT,

¥, ¥ iav—va vk, ERKEGEER 50 FACOM-230/75 % F\», S,
HPRDO L oWt L V) Vv —DBIERWIZT -2 L LTATLE,

[B1 1] £V v —IEBf CHEXEERE LSS (5 — 2 4)

DI D AR & il 7 7 7 % K-7 (a), (b) KT, K-T7(b) X b, &VERET, —1F6,7
BAMEEIhTW5@z, [Th.1], [Th. 2] 2356, 7 — F 6,7 BHKEKM & LTE L #HEZIhT
W2,

(81 2] AT ABEDOSA (5 — 2 5)

BIRE D X & S i 7 7 7 % K-8 (a), (b) iw”d, K-8(b) »HBISA X 5K, [Th 1]
[Th. 2] X bh /7 —=F6, [Inf. 1] wkd/ —F7TRHEKEKBE LTHEIRTVWS, 7 —
F 7 3FKEIC S 2B, AT FAREED 7%, [Th. 1]~[Th. 4] THETZT,
[Inf. 1] i X 2 HEE CHEIXHE L IhTW5,

(B 3] @i X 2 %IGREBEOSE (5 — A 14)

X-9 (a), (b) L PIED RN & EMi 77 7%HRT, Y Iab—vavofg [Th 2] kb
/= F2,35 60T NTHKEXHE LTHEIh TS, LrL, FERIZ, — F20HRTH

_@

(#
lo—

i)
/ 7Y
C [- !7‘_ ot

®

!

O ZEBBHET LN O RIGREHETLE X Hk OFF

(@)

B2; %R (2 B) By, HERKRXRI; 2 3,5, 6
(b)
B—9 #E3 o (a) REER L (b) fli 7 7 7

Fig. 9. (a) Example system & (b) Equivalent
graph of Example-3.



62 z R E —

BHARE L, TOLKEBRAEORT, /7 — F20XRENHETERVICHIMEIRRY
VIR EREOBMGREY) v —ABFLTID L) RERCESLLDTHY, V V-—DORH
1, MABEOFBECHEKEMUAOKENHEHXE E LTHE SR TWAH T Lhbh b,

oo NTh, ABCE6D7r—F 4+ — bELENSTY 2 b—Ya Vg E
hE2CRT L IefEREB TS,

£—2 HEXMEEHERO—KE

Table 2. Table for the results of the simulation of the
discriminative logic of faulted elements
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