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A Design of Power Management and Control System using Digital Protective

Relay for Motor Protection,
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Fault Diagnosis and Control

N

(Sung-Hwan Lee * IThn-Seok Ahn)

Abstract - In this paper, intelligent methods using digital protective relay in power supervisory control system is
developed in order to protect power systems by means of timely fault detection and diagnosis during operation for
induction motor which has various load environments and capacities in power systems. The spectrum pattern of input
currents was used to monitor to state of induction motors, and by clustering the spectrum pattern of input currents,
the newly occurrence of spectrums pattern caused by faults were detected. For diagnosis of the fault detected, the
fuzzy fault tree was derived, and the fuzzy relation equation representing the relation between an induction motor fault
and each fault type, was solved. The solution of the fuzzy relation equation shows the possibility of each fault’s

occurring. The results obtained are summarized as follows:

1) The test result on the basis of KEMC1120 and IEC60255, show that the operation time error of the digital motor

protective relay is improved within *5%.

2) Using clustering algorithm by unsupervisory learning, an on-line fault detection method, not affected by the
characteristics of loads and rates, was implemented, and the degree of dependency by experts during fault detection

was reduced.

3) With the fuzzy fault tree, fault diagnosis process became systematic and expandable to the whole system, and the
diagnosis for sub-systems can be made as an object-oriented module.

Key Words

Digital protective relay, Power management and control system, Induction motor, Fault detection and

diagnosis, Clustering of unsupervised leamning, Fuzzy fault tree, Real-time kernel

.M B
Ji} HESFHAA F3AF] HA
g My g8 Aol HA T8
& 2ot A&stn AAPA &4
32}-‘?4_ tAd Bl BEHEZ AA
A Al Al=gle] A 7T
2, %"c}@f‘léql*i g =3 fAY 2y X
FAlste Al2E HOST SYSTEME
%4 ot 2 Ag3, e
B3 ?&3132} EE A4 ¢
=7k A Aol o
11%101 *]"‘ A& AATe = 2Y
AgdA dAsd & ol 2 &
ol ;2 gt
TN 71E9 3
EAE7HA] HErted AHFA

=

ﬂ"‘“r}ﬂ.ﬁ“

i
g

t
82y
tR

—
[,

- el
M 2
N

2
Lo
lo

ol
R

>
2
O

W

o > o o

)
H

=

T >~ Ol
i o
)

of
e ok K
o o 5 o

[ o)
[e3
K3
N
XN
3:

Ao
i

j#tA

l> m\n
= e

E
A

o

=Y
fa

IE & B BAEIRGR BEREN SHEWRER - 1
TER R YW HEE HIMIEE SR - TH
#EBF 20006 48 158

BAHRFTET 20004 108 148

516

Ao A2 7EY QY FFY T+ e RHRE
24 UAE AdZE A dAd AMIE HAF
ol Bt wan A AMied AF7se TYPT F
AEE TMS320C31¢l8= DSP CPUE gAlstdct dlxg
ARzIel ds& AFE7] e HAPFzRAAM A
AEFA wat Az AP AFEAAE AN =
g AAdZIE B3 38 99 HFHE T 2y R &
#e ZUHPstL BEUEFE AP S JdTAFT 79
[3-5]& ol 83t EAFoaA BHY 2% HE} g

2. OXigd BSANT| MA

Oy AA7E dA o 2o wan HFA A7)
3 AZ7%E F9T £ YES TMS320C31¢l2t= DSP
CPUE "AsAHZYE 1. 283 AFS HREE B3Ys}
7] 18] 16bit A/D Converter® o|&3 ¢t 2+ &4 AF o
At AFANZE 1F:71% 129 A EHE S Ring Bufferdl A
2 ¥ RMS @€ 73=E 3y

21 Hxg 2EAHIe SW 2SAA
HAd 2y B3AHR7e) S/We 37HA¢ UHUES 3
7t e Haaz FAs gl




a8 1 OXIEESAHATI
Fig. 1 Digital protective relay

211 AHYE 7
37tA e JHYEE Z AD UHYE, OS Timetick ¢
HYE, $4 JEYE|T.

FAT $A Ao FAEH FAA 6
A8A717] A% FA Semaphore® T A

2) A/D JHYE

A/D UHHPEE 174pxsecvtth THA HA&9, 8 g9
A/D A& RMS A4S #3359 Juige 2 HAI &
& AP = Yo Ay FrE HR3I7 43
o 8 aAl'd A/D7} €9 wuit} RealTime Semaphore® H4
WEdl=3

3) OS Timetick YEHHE

Real Time 0S9] Timetick Y EIPE it} o} JEFETG
OS Timetick& Z7FA719 B84 H23 A2AEHE P
o}

212 H23 26
Haas tagde] €23, Edo] H23, 4 €aa
7t 2t SYF o g FFj

1) g2aEge] gaz

RE ASZ 2 AAA AL 5L d2xEgoldy 7] Ay
2, Aol 2 Axd 4y F RE AR QAEHLE
2l "AFolg

2) A "3

EA M2 @38te dH2Foln, T4 UHYE Ay
2 2¢ojA ¥4 Semaphored WAIAIY wigt A3 E o
292 A% R RE HEE 87 2A Mu 28 e NeE

3) Bylo] Bz
zZt Ad7) 715 F432 d2gdolg A ASY A

Trans. KIEE. Vol. 49A, No. 10, OCT. 2000

A AAer WEe Adg FYPSrh el AEd 7
JEIHES Hl2ad 23 AZEH Y FaAYIE 1Y 2
o Yetidtt. DSP CPUS AN & 27141 9] Eto]ol & AL gt
B7hAE 1.38msvitt YHYPES TS sted AHEE
o 1.38ms¢tel CT/PTE F3 d#€ obd2agtg AD 9
& o] RMS@t& Tafol @rh o] #H ¢ ZF syt
FE A B AA daa, B4 H23 aga gagy ol
H22E A TFAAE E3 Y & AEE 10msyt
o & ElojmoM F8E AFech AT FFAAE 2
godo] AT AZEH O 2AHUE Semaphored o]&3 &
Aedlel gt Fr13Ah olel g AEY AYE Fi 4
Haage] M2 $E3A &2 CPUE 98 & Ak

n n ~-Tae ne. !
Timero | TaaneRARy I

omSac
L
I

: A iy
i ml)
- 1.38mSec "
e e N
aref i e

»
ax
*x

s

L4
ra
-
",

AN

a8 2 olXig 23AMZ Sw S
Fig. 2 The SW operation of the digital protective relay

22 X E3AXFI| gdnalF

EHE 233y 9% dAd B3AAVY Ad dngE
© 2 Thermal Overload Relay(49), Locked Roter & Too
Long Start Relay(51LR), Negative Sequence Relay(46),
Under Current relay(37), Overcurrent Ground Relay(50N,
51IN), Instaneous Overcurrent Relay(50), Noching Relay(66)
¢ wWAsta ok 4 AAY AF-AIR EAZHAE o
g 39 JerAL

Thermal Overload Relay(49)¢] F3&A4& RE7l A44L
A o ST A 193] FAF

n

_ -1
t=r olﬂ[ 12—(k‘IB)]

A7 A, t: TR r: 2H A4S
I 28 3FAF 1: 259 B3AHF

Ip: LA ¥Rk RIAS

Locked Rotor & Too Long Start(51LR) A& 7]E EE 9
HWEAHQY F23 Al M FELYHNE BIsE HAdz
T4 13849 7FAY FAFOIFARE AEEq =
HE ¥3slE NFAF HELALE FAHJG. HAA F#
£135E dHF3 EAQE /HNEE FEF AN HFE F9
2584 2d AFY AL ARG Ry we v
ez A 253A4E Uy A3 83 ZA HdAS o

2E 2% 2P ¢ Hoif A CIXE REANI] @8 DALAHO Alad WA 517



RS FINTEE 0A% 108 2000% 10R

@k AEAR BEALS) FA BYS 20eN 54% ¢
2w 29 FAARE 4 20 g8 Saen

t= u—E— @
—L )y
Gs
714, t 1 FRAAL AL M AEHRSF
K: Ad7) S44% o 5434 A5
G: 948 s @ AAXA
CURRENT-TIME CURVE
';toc“d 50
9 otor
100000 e
AN
1000.0 ¥$
~ .
100.0 NN
Too Long ~ -
Stan
10.0 N =
.
1.0 = ==
0.1
00 L
1 2 3 4Y)

33 3 AMI| HE-AZ S4DM

Fig. 3 The current-time characteristic curve of relays

3. U UMHO AMAHE YA

R
e
oo

v)/Zb27)71¢) 43 2 Ao DATAS 98 &%
Negezd gAY @2 FUESH $HoE o
FTHAL BE/AA/AAN JheEy gEd
Hole BelE 3 dgelM HHe HY

Alzdolt}, tixd AA7], MR )
g3t % XIOE}EM JE FHUEEE T

Hle] H37]5e S

o
or

(2 fo o m
R

fila)

#

L ju

m\o Ho

& 2
A ke
2ol o

EL:I'

2o 3ot ofy
olt Mo

B

E =

Z

s

ox
L)
2
paca
'H

P HEZAAHO AlAY M

@a%}*]zﬂc‘i Ao AAH] FAELE 1¥ 49 2
aA 97 FYES UAE A7, 49 HOST Al2dd
o ZAE, 183 Y 9w fUES AY HOST A&dg
AAsFE FAAAFAZ FAHY Ju. 9T FHEY
HE gl AR T/D (Transducer), A7) 7144 AA
71 Fol Y™ AWy, AxY wAdwsH el gABF,
AF3t seol gz 9Z {FUEELE XS FAWY
{RS485)% 01%0}0‘1 AEZA Aol Aj2defs (AP o

olE

518

ol #7t  ojFAEF g1, HMIHUMAN
MACHINE INTERFACE) 7I5& 7tx2 glemz #4F d
°jel9 /2% %3 Aln duig QY F Yo =¥ 4

Alro 2 dlolE e A Fe] o]FojAn F3E Hojels PE
8]  FAMA(IEEEB02.3/Ethernet) & F3# FAAFA s
I,

HOST A2% e} Axz A4 M7} o|%o] A3

DIGITAL RELAY

Y 4 HELAHAO AMA”fe M FHE
Fig. 4 The schematic diagram of power management and
control system

. 4

23 5 Host AlAH 215 pME
Fig. 5 The schematic diagram of the functions of host
system

13 6 Remote Setting tH
Fig. 6 The screen of Remote Setting



HOST Al£"9 24(2¥ 5)% EH Windows NT OS&
gast 482 5oy 48 HOST Al2¥ e Graphic,
Database, Event, Alarm, Trend, ReportS wolg] g 2
HMI 71%5€& 7HA3 3 @2 FYEEZ FE 248 dHoly
2 ZAE FA ¢ gy Bdod BEAHEES FAH 9
thods oixlg ARVE #AAel® & JJEE GRAPHIC
g g FE sye] Eulxlo] 9o, 53] Remote Setting
Ne(ag 6)& B8 CAEAA7] MR e Y HYE
Host A 2=golA +8% + g}

32 MHUAIHO| AMAH 2t REHSI| nYHE

Agols ZEg e #3rt HAEHo Y3 o] n%
ARt AFAAC PlAe JF¥E HA ¥ 122 2
o €3 nZe A" AARrIE EEsm, /AL 1%
< HAY AMIE B3 A4 dHIF delugE 49 A
gl FAse] 22HY PE B 2 KFE
2 RFEAE B3 1 2R 4US ADEA AF WA
£ B3 dF 7 e dEFA A M2dE HAGAY
dgryoz FEHFIA LAE F e 2FFFoRE T

A3 B A8 &, Wy 2% 4 EHY §E & F
1AAET 1YeLE ALEs] A4 7

(Facunw ) (Jegtna}(vCcuuys )

| | iy

Yo ¥ I

[ FFT Y Fer T FFT ]
B et

|
l HE BA 2y Io— X fauk vee l

<l 1

l 2
(o) DEZc

(b) Fault diagnosis

{a) DHAE Z

{a) Fault detection

a8 7 92887 0¥ H¥4E ¥ Mg oy

Fig. 7 Process for detecting and diagnosing induction motor
fault

321 REMEY n¥HE

A7 BAez FH3E 3+ 43¢ F34E #7134
oz yrEste At dityelez, B3e] E4LE 4 # §
o, Rt EAelod vetus HE7] 98 FF AL
dHE f¥ol Frider Yeive ez A4 F ok
webd, A4 +3 AHdAd 48 AFY Fos 4 @RS
ge2E s, dYAF ol Aol o] Tt
Helt Hlxd FHER o/ FolY E2HE] ¥HE AF
2 QA RoltH3)l z2iu, E49 E2E7 AAY ALY
Ae FEAE77E £85A 2 2 e e ZE&E A
27 glds RAg AAgsidenz ¢ 4 g wekM, F3
F HMEHE Ag2or EU2HY A F 7 UEs €19
Fo] Bast ojzg Wy vz wmAdg FE2H
2 A8 F Aok dHARY For 2¥9EY Fs

Trans. KIEE. Vol. 49A, No. 10, OCT. 2000

E¥E 9189 ThomopoulosFe] It Dignet& °]& 3%
o Dignet2 271 74 ¥ #4 we &gAz, 283 e
U dYe] &o)d 5AE 21 Uk Dignets FAHE
oHa 3 ZoH3l

ojnl ogejshel 2B Ee] AEHATT Y w, A
2& dddolgtel thato Dignet cohsd Ze 7l¥g §
s 2 2uE FA AL sy

Xn€ nelgte AlFelAM Dignetdll € dloleteta &

en-1 < I EAstE FHAEHY T4l 3y, 1 F

z
e oe o] Wt

— Cn dn—l
e, = an“+——dn €n~1

s eo=0 (3)
714 dpy & A (n-DelM e dojzM dgd #e
Yoz AL

do = daoy +cn , do=0 (4)

a3 ¢, oY B gg #E WFolrh

co = 1: BU2EZ U doleg YSd= F$ O

0: Y doleih Fe2Ee Yulgel dE 3§

-1 U doleh ZeaEe W) el e
qssx 23 3%

de doJelE #d FelLEHY FA(s)d HMAY wolz
(n)7t A7t Ao 2 FZFA sin = s+JsBA FelAH
FHAezRE ¥/ dalz Aoz YA & Qg ue)
A, Eel2g F49 dol¥Y ZxAdE fFiddte xol2e
Hote] B¢ Fe2HFAHY AwdlE R 7HAHY 5 9
th ooleid A5 sletnEks Aele o,

n,md+1 = A2 = <s+n,s+ndojth wheEkA
_ ‘L k—1
cos () y Vﬂ—J(n_T) (6)
(n,n) = doladn &,
R (e )

wetd, 2e2Ee Yule) B8 Ne et 2o

width = V —I—_T_—lb—lm (8)

dg 4 dele7} Dignetdl {59, YAHEY F
Hezrele Agrt Asgd. wek MR slke E9 A
ste) Ayt Fei2y WHlE xFAE, A2 Felags)
ARE R, 278A] geotd MR sk E8aEe Yole
o ol grek g dlolErst F ool de FeliE Y
gt &3t AEE 713 77 F82EHY ol Hojx
T A deleF o olFEY uuR] Feiawg o= &

FEf 235 DEIct @ HOoE /S CIXE LA @8 MHELAHO Alag] HA 519



REBRFIAEE 49A% 108 2000% 10R

oA A dolHz ¥H Bojzch

322 REMEI nF¥Ach
HA 1 AGE % YoM GmytrasiewiczB o] A
gt A Fault Tree[4]E ol & } } 2, Fault Tee: Al
2dg vy, Alzd 7

AdloA HAstAHE A9
8 4EY 1Y BEHE FATE *& AE AAH2E {4
A 9E e Ajade ZF REZY nddd Af
4 wASH a8, 7S AlEH Y Fault Treed)
A gL 7|EH aZE e nFEERRE Al

g Ao nFFELE FA HolJdoh ady, BA 13y
g FE 7B And gid & FIe R o7

mak olyal, Alade o] FHoz wIsinz FA9
&4 7150 A $EL 7Y £ o uEkA, 1A
Uig 2T FEo s s e A= F49
olA&S drl A8l Alzol uig Adiy Wiz HES HA
2 ¥98E 7154 (possibility) 2 2 7+ 4 ok

X = {x}& 71&3 1389 I A={a)s 24Y =+
A 28 1% F¥E9 Y, 28z B={b}g Y
F e F48d AYgoEtn & o, Az FF RE ol &3
o} ¢l7} WA A (causality equation)S TS o] Heolg £
Ak

b=a-*R 9)
29)e] g FHoH, THY FHe2REH 4 2@

FEEY 1ANSHE €& F A9
H«l 299 A2REH S 4 3% FIE TA}E

HozrRE Y A¢t X9 BAE JehlE P S& o] 83
o 4 8459 1% JI54L T8 F Ut o8 98 7
2% $¥E7 # 18 nFED] BAE FAHIE Ro|
A7 A ez A 2(10)e]c},

a=A(ST 2 x) (10)

A(10)8] x7t & 7 7183 S 4 JlsAde] ot
21(9),(10)2 HAHE a, b} TEDY HAE HAHSE HA
#4 Rel 93 FAHS AA BAHIY 2L HYRA oy
8]+ Sugeno®} Pappis?] iyl uwc}5]

Fault Treest H%|3lg F4€ o]&% #HA AH YA
A7 dAAe &= Fault Treed 7182 2459 A
& A3y sligtes ARG dwiyoz Awgs 33
& Alolel Welg e HEY FE= 1Y AN
Fault TreeZ5El9] ARt Ivhy AH3EE FaErt o
213k 8]9] F442 Fault TreeE o]|F&= AOEES FZ9
el EATNANAM ] et B4 5ot

323 #E8SI| AFTd T4
1 FEES AEr] &H 4HY #AE Yetie Fault
TreeE FA43H 29 83 g},
Zk SAA S FFEst vt
= ohed g

o

o = h=
% FEH

agy A3

520

azpzr e g

(1) B3 % 24T 2 4 13 w49 T4

Yl el mel WARE A%, Adzrel Yol AH,
9 AR 277 AP 2 43 9Y AR @ AR
e e AW FAsdidel A% A7k AAA R
a3 o4 A B, AU Fasolsle Fasd
AR 2% Fel 2 el FUSA Yenz AY s
Hyol Aol YL OB &

"_Dmm) (11

D max = Max (D af— oz, Dt = 60Hz» Dt = 60Hz)

82 = (D max

D min = Min(D as = omz» D b1 = 60Hz» Pt = 60z)
S gkol B3 o4 WA AS % Hu, 4 nol ¥

A B¢ ol gto] W A

(2) 2 4 2 TAA 2 LA Ao 4
4 AFY zZ7 Wt § £E 139 steAol 222
212)% Zo] %A 5 Qi

[P it =s0szt) — Dis=por(t —to) |
i=;B c| Dt =g0z(t) — Pis=som(t —to) |

(12)

A7 M py—gmlt—ty) : TF AE t,W 4 AR

(3) = o TABA A AL &4 Woly 1F 9

79
27 Agdold Avel sate WY FH4 ool F
SO HARE HEEY G& Anuy Woy 1

A97h 8 AA det A & £ A
DA 34 AP e go

ol #E wojY

I YETEEERERE)

nyq“ghgq (13)
<X Ps

ps = pgif pe= TH, 0 if p< TH

o714,

pr = T35 f A el 59)

TH = 2% QIE%* 48e A=Y A% 2E,
Y FH5E A ¢ﬂ15% HAEEY YT

(4) 4% AN 4 BRYY B P
A AS, AY FF9 Ado] dolurm g HF
3ol Qo

D if=60Hz

(14)
_CD if = 60Hz



o
RO

: 5
ok XX X X KX

A AL &4 7teA
Holyg 2% 7He4d
4 A EBY MeA

g Alzgogxe HAF7| x ¢
1% 7tsA X2 !
2 FF o) LA A x3 ¢

g 4 A 1P ASA x4 A BN FsA

gi ' 4 Bel 1% 7t54 x4 B 29 54

g 4 Co 1% 54 x4 B A% A5
x4 C #%Y 7h5H
xe 4 C A4 H5A

a3y 8 FREMEY| 1E Zct®& % Fault Tree
Fig. 8 Fault Tree for diagnosing induction motor faults

33 MHUAIHO AlAHof 2|3t 2E|7|SHO|

49 Host Al&d"ells ¥ F4 7] (Programmable
Sequence Editor(1§ 9)& o] &3ty 75329 AVERS
2433k ¥ Compile &4 W =W HHE7 HEX el
o} o] #}UE Target TUXEAA7A AsZ Protocolol
9} # DataZ DownLoadd|® TiXgA| A7 o] A7) =@
Sequencetl 2 7]FAol® # vt 28%, DownLoad¥
Datat= tAdA A7) WH o Flash Memoryo] A&}t %

g, RS-485 $4& %8 cAEAAZE 327
Multi-Drope. & &0}, oln] zAsglojzd A} =¥ g
Download® <+ 3low, tAEAXM7|¥E Data& UpLoad
ol ojug Hr] mEUdA FIY £ Ue 7S A
1.

e MG F 7

E ) e . : ‘
é % LOtR AT e Tl :
gt T T 424 <
B5F MR gER At
i loar T
: i

i

Controi Protaction

indicator

naxfoge  Jagu]imeen ]
SO 1rssoszevez | HANS
CRTTUNDAT HEAVY INDISTRIES €O, LTD.

13 9 Programmable Sequence Editor 3™
Fig. 9 The screen of Programmable Sequence Editor

ol¢} zro] A3 2E programst T 2N 7|E Bzhsl
A FAEYE Z15uad FdHe BEHI) olFodA AzFSF

Trans. KIEE. Vol. 49A, No. 10, OCT. 2000

o] 7 92 9718 9Esln A9 F£AHAYAY HAYS
g€ 5% F Jd. ZHEARAME Function Blockd$el Edel
obd 71E MAIR A& =P ez HAAT 4+ UEE
FA4 skt

4. HHUAHO Al2H JISAH
4FAM e A" AR AFAET 2FAD Aol

dg T8 2 dHPAA A2dE o8F fE FFINE
A L g g HF5E AR

41 28 258 CXE 25A4TI| JIs M

411 71s AlY 84

AzEoln B 2358 tAE ARVl dndF R 3
Eslolel 45e AFE7] slste] AA AHeME 3% AF
o] AlgH

-Aqtgkel "REE 29 1083 2o
(FREJA RTS2ID)E AM8-stct.

J8 10 85 AEHE 98 AIEEX 9 AN
Fig. 10 The photograph of test apparatus for performance

4.1.2 Fault Recording 715 & Ol8% 2 37|5
Alg dxf

33 11 Fault Recording 3%
Fig. 11 The screen of Fault Recording

2e 235 DA ¥ HolE HE CIXE ZEAVO| 8 MAYAHO Alad WA 521



QAL WMCIE 40A% 10M 2000% 10A

tizd BEAR e ¢uE ¥ =g HEs] 4
HH FFA7FAEET2EFAY KEMC 1120 % [EC60255
oM Rt A¥zAT 7iFd wel 4Fsly FFA7AT
20z2g vtk 2¥ 11& oY 23 AA7e Fault
Recording7l ¢ ol &3ty 504471 Fadeag AHAF,
Mot A5 9} @A msec EHFLE HUF 2 Tolth 2
Zo A riutgl o] RARFI RFY F IFVIAEL AT
(1667msec)ol & Ho 50 AAY|7t F2std UAH £
2 HANYE U8 F U

c] 21" Fault Recording 71%5& ©l€3% Feederd| i7o]
BAste oY REAAC F2AE A =HE ARNNE
¢} A/D Bufferel x3d 23d ¥ 40F7] 4 datast A
7] Z#Z4e) data’t FAlol 93] Host Systeme] H& o]
monitoring® % Utk

42 XI5 Jldol o8t REHSI| DIWE
¥ AdAE B9 fUEQ O AWNE 9 2
e AR dOIHE olgH AEAF AN THY &
2%¢ AESn Avsy) AL LuAFE A A

Ed 2Eigloz A EHA FHTh

2

>
ol 3O ofy
tlo rir e

421 Al g3olHd 2@

x 1 AlBYOlME 2Bt REHEY| 7Y
Table 1 Type of induction motor for simulation

3 2 F=AE7 %3
o ¥ A 253.88 KVA
Ho §3 A 420 V
Ho #3 &9 0.015
oY 23 9§ 0.85
o ¥3 58§ 90%
3 A AT A 5 Kg * m2
71 A Y B 0.5 Nt » m/rad/sec
2 F & ¥ 1%

FEAE7 A AEFH A4 glol A WM &4
Wolsgd A 4 EHYE 2 f¥ozAM nddt F=
AE 7] FAA FH4E VA AFEHFTY) 2EE
EMTP(Electro Magnetic Transients Program)ol 2}3to] #]
EyolA &Arh ABHIAE A% A 2d AT #
EAE7E 29 129 B 1.9 2o

2%

422 Al old gt

x 2 Zt nay Xch @}

Table 2 Diagnosis results for each fault

(@) Hakstg 2t D& 49 HXiz Hof

(a) Fuzzification result of each normalized fault symptoms
92 B

gl | g2 | g3 g4 ]85 x2x4]x6]x8

0.9910.9610.620.70/0.68}0.00(0.67|0.67|0.66

a4 a4
)

Woiy 1%
A BHY
HA 24
4AB 20

4AB 24

0.99)0.7210.660.64|0.69|0.67{0.67|0.66)0.67
0.9910.00{0.98{0.01}0.01{0.0010.00|0.98{0.98
0.99}0.00(0.9810.02|0.03|0.00|0.98|0.00|0.00
0.99/0.00{0.98|0.94/0.0110.00{0.00}0.00{0.98
0.990.00{0.95{0.99|0.05[0.00{0.98|0.980.00

(b) &y Jhsst I FHEO st WY ISy
(b} Origination possibility of each possible fauit type
yE A

x3 | x4
x1 | x2]x3{x4{x5|x6]x7[x8]| A A
x5 | x6

0.9710.0010.63{0.63]0.70/0.67|0.68{0.66|0.63}0.37

JAAAA
&4

ol g 3%

0.73|0.6710.67{0.67|0.64(0.64]0.69|0.67|0.64{0.64

SwiTcHa

|
i

SWITCHA

switeHe

(@) M718 22 =Y
(@) Model of electrical part
J=5Kg-m?

<> eSade Shras
T

D=0.5Nt-m/rad/sed

b) 214 22 24
{b) Model of mechanical part

ag 12 fReM¥EY 2 2Y
Fig. 12 Models for induction motor operation

522

A £9%0.00(0.00(0.98[0.00{0.01]0.01|0.01{0.01 [0.01{0.00

4A A4 10.00(0.0010.98|0.00{0.02|0.00{0.03(0.00{0.02| 0.00
4AB
. 0.0010.0010.98|0.98(0.9410.00(0.01{0.01{0.94(0.00

4A,B 27410.00{0.00|0.96/0.96|0.99}0.98(0.05{ 0.0 }0.96|0.05

() 2 D&Y Wy sy
{c) Origination possibility of each fault

X

x1 [ x2 [ x3 [ x4 |x5|x6]|x7][x8
A @4 &4 1097 0.0 10.63|0.67{0.70/0.67)0.68{0.66
Heoly 13 0.6710.73]0.67{0.67{0.6410.64{0.69|0.67
4 A EHY 0.0010.0010.9810.00]0.01/0.01[0.01{0.01
A A Ay 0.00]0.00]0.0010.98(0.02{0.00}0.03]0.00
A4 AB £93% 0.0010.00]0.980.0010.9410.00/0.0110.01
A4 AB B4 0.00]0.00]0.14}0.96/0.5610.9810.05]0.05

9] ® 294 BiE uis Zo] od ;o] BT B4



a0 Sgse 718A 1Y R 1% sbsdel gE vR
4 g dagsl 2% Mol s 2 ge AAE A
& # % Utk TG 2ol BPHoz VAW AT o
g5 F 1Y 259 1Y sbsAdel Mxsl B4 Yo
‘T:_ o 2

;g.

ot

54 B

AHAFAN ot 3t &4 838
e #EAE71Y $H =F 2Asts 1L HA 2

age] 4d& Aedte AEE BIEr] Hdtod o
A" REAAIIE o] §¢ dHPAA A2RE HAGA
th bA" B3 ANIE V&Y okgR2a AAIN TE
atA] W FAlvlFel FrhgozM dExe RTURlel A
A Aol Aladd AZE £ A sk 28 DSP
CPUE EAFe=z4 HAL ANE 7HestA Tezq N
3 ARy AM7IsE 7EE F AU olAF dA"
AR7IE AHFA A A2 I FYUEE HE3tn A
HA T ol &3e FEAE7IS dHAFUAE dAE AA
7elA £, Y F ENE B A T HE
FozH Zeteloz 49 AladdM EH HHE 2UH
4 %l?ﬂ et AEHEZ] A RUHPYE AT 5

goz 99 AFY Fis sdeys Assuc 99 3
% Bﬂgem ge2Hge S8 % 24N A2e ¥
2 ehte ~dEg dUe Aoz 1S FEHA
o FEE 179 €90¢ esr] AN RFEYE TS
9 §EAEY 233} 7 2% FITL WAE A7 A

TFHozH 1Y 49g AGsHA
el W AA MEge nEdA
‘* Alzbol # R ]Ei °o|E R #id REY 4%
3 = ‘2”?_‘ 2FE AN AATes A
48 AgAAFoEZN FEE BHIAFT 7IAHA 1239

A4 % Dignetg T v &F SnYEL olLFLIH

nFAEe] dalMiE 4AF HEol HE3eE g H
g E ol&slq AT nAd e Y FFE

x| nAE

Aggto gy, A AE 3 AAY wEeE AATIL
o, A AE dstd HA nFEY g 1Y MNaE
Fyste 34E A48 o, ASH & FEEA oF 1%
s AAgozg T4 849 H7L, oA, F& %oﬂ
o& zF HEEHT Age 1Y de] golHAH, 2 F
A7 uddd dAE Fdste sy EE3E ﬂizﬂa
Qe Regw B £ grh
oz s

[1]1 Sam F. Farag, M.K. Jhaveri, “Intelligent Micro-
processor-Based Devices Provide Advanced Motor
Protection, Flexible Control, and Communication in
Paper Mills”, IEEE Trans. Industry Applications, Vol.
33, No 3, pp. 840-847, May/June, 1997.

[2] Drew Baigent and Ed Lebenhaft, “Microprocessor-

Trans. KIEE. Vol. 49A, No. 10, OCT. 2000

Based Protection Relays: Design And Application
Examples”, IEEE Trans. Industry Applications, Vol. 29,
No 1, pp. 66-71, January/February, 1993.

[3] Stelios C. A. Thomopoulos, Dimitrios K. Bougoulias,
and Chin - Der Wann, "Dignet: An Unsupervised -
Learning Clustering Algorithm for Clustering and Data
Fusion”, IEEE Trans. on Aerospace and Electronic
Systems, Vol. 31, No. 1, pp.2l - 38, January, 1995

[4] Piotr Gmytrasiewicz, Jere A. Hassberger, and John C.
Lee, "Fault Tree Based Diagnostics Using Fuzzy
Logic”, IEEE Trans. on Pattern Analysis and Machine
Intelligence, Vol. 12, No. 11, pp.1115 - 1119, November,
1990.

[5] C. P. Pappis, and M. Sugeno, "Fuzzy Relational
Equations and The Inverse Problem”, Fuzzy Sets and
Systems, Vol 15, pp.79 - 90, 1985.

of & & (F B |
19661 89 10¥A4. 1990 AW Fof A
7188 &4 199293 F WY AvF3E
3} E2G(AA}). 19989 F ety AxFe
I E2AFEh. 19953 ~dA dUFEY
(F) 71HE T4 HUdd+4

el : 031-289-5125, Fax : 031-289-5115
E-mail : hwaney@hhi.co.kr

ot ¢l

4 (R ® 8)

19643 64 7UA. 19873 A T A
Z1Eda £4. 19899 F i ANE
&3 Ed(44h. 19974 § dEd d7)F
3 EA(FH). 1989~1999d A Hz
(F) AA71edy HdgaTd 1999 3

% A ggdistn #HFejA] T AYAAL
: 054-760-1623, Fax : 054-760-1629
isahn@mail.uiduk.ac.kr

E—mail :

26 £5, IFFch ¥ MolE HE CIXIE E5ANT| 8 MAYAMMA A" HA 523



