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Abstract

Generally, the maintenance of protective relays in substation often faces difficult issues because the number of
devices is huge. Besides, the protective relays have different models, brands and technologies, service lifetime, used
environments and applications to customer loads, etc. The protective relays are also different from other power devices
in that they only operate when a fault occurs in the power system. Therefore, the protective relays are less risk of failures,
and their deteriorations are not obvious. However, the impacts caused by relays' failures will lead to serious damages to

other high-cost equipment and dangers to operators. As a result, they cause power outages or disturbances in a wide
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area. This paper proposes a method for assessing the risk of protective relays in the substation. The study consists of two
main parts: (1) the condition assessment of the protective relays related to the probability of failure and (2) the criticality
assessment of the relays to show the importance of impacts when relays fail to operate. The maintenance data from the
diagnostic test and the historical operation data are used for assessing the conditions of protective relays. The substation
tier, relay scheme, bus configuration, and load importance are used for assessing the criticality of protective relays. The
results are proposed with the case study of 10 micro-processer protective relays installed at Pathum Thani 2 and Pathum
Thani 3 substations of the Provincial Electricity Authority (PEA). Each protective relay can be replaced with different risk
phases. Moreover, obtaining results can be utilized to prioritize maintenance and select the appropriate protective relay
maintenance activities for receiving economic worthiness.
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VARIABLE FACTORS LENGTHENING | FACTORS SHORTENING
PERIOD BETWEEN TESTS |PERIOD BETWEEN TESTS

Type of Relay|Simple (hinged armature, Complex (distance,

plunger) differential)

Environment [Clean, air conditioned Contaminated
atmosphere, dusty
extremes of temperature

Current Relay rated 5 amperes and |Relays rated 5 amperes

Rating operated at 5 amperes or  |which are called upon to

below carry 7 or 8 amperes due
to load requirements

Control Nominal 125 V DC battery {125 V DC battery

Voltage operated within £5 % of operated at 140 V

nominal

Station Relays rated 115 V supplied |Station service voltage

Service with 115V 5 % 130 V

Voltage

Age 5 to 10 year old stations Very new stations where

where previous history relays having newly

shows relatively few defects |developed operating
principles are used and
for which maintenance
schedules are yet to be
developed. Stations 20
years or older where
insulation, aging, etc., are
likely to be problem

History and  |Moderate or infrequent Severe or frequent faults

Experience  |[faults
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Criticality Score = 40% Substation Tier (2)
+30%Scheme +30% Bus Config.
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Total Score = 40%Criticality Score (3)
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Bus Differential Relay
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Overcurrent Relay
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Bus configuration AZLLULU
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Main and transfer

Double main and transfer

Single bus
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N W[~ W]

M1579% 11 inaeimshirguuunuddguesivanvisergldln

Customer Priority Regulated ASLUU
alnisianudAryge wu e 4
gaamnssu lssneua
Altliuniilen
Aldlunyudios 2

Allwinyuun 1

4.3 BnsUszdiudmanudewasdiaddoiu
msUszfiumanudsesiadtosiudmiuauive
i adldnsmlenuduiusseisandiiauamuazanings
Yos3iad [11] wasmsunisanudswessiadtosiuain
AsMALEUTLED TnsunuAaudswediadiosty

A28 Risk index M30ANSYYAMUELT d NAIUITOAIUIN

2 2
d = /u 6)
2

108N d A9 A1SYEAINULEE91I8 Risk index U84

@anaunsi (6)

SedU09nu x AD ANALWUUANIN (x =100 — Health

score) vas3tadlaIly waz y Av AIAZLUUAIININGH

1Y)

(Criticality score) vos3tagUnriu

[

Tusui 7 uanspdnuduiiusseninaninvessiad

JoINUBaLNaNTENUNAATUNING RO VINIUTAVD S

Condition

Criticality
Ul 7 fufusszdummdsmuanmuazAingnuessiad
[11]

Adriiannudssfidnaldd asianlfidonuun
nensvigenesiaddestunutasnundssiitvualy
P37 12
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A15199 12 SyAuAMULELaRUSYeE d washanssuwugan

&
o v v Ao

A15199 13 wansUseliuidinssiainaussausuessad

} j = P P P P P v TR
verw = ﬂ'J']llLaEN Risk Aanssy fiad i Indudldaf 1 fatindvilidni i daduilidnd
ITYTAULHYS d ( ) 'qWﬁ Visual Inspection Azuuy | Calibration drift | Azuuu MTBF ATUUY
0-20 Very low ﬂﬂiﬁﬂﬁ:}’mmﬂﬂa Fundaiinzniuain 4 Fasdsaglunms 1 15 3

= - Ty
21-40 Low ‘U”]E\‘]%ﬂ‘ﬁ’]ﬁ’]mﬂﬂa Vﬁﬁlﬁ 2 | Buq tAswsinen 4 gaundinglunms 1 15 3
R o vLy n; mufouavay)
TUMNEUTITANTLH '§_ 3 ﬁmﬁ@"ﬁiwzﬁuﬁﬂ 4 gaurdsnglunms 1 15 3
41-60 Moderate WANNNTRSIEDU 759930 & el __ S
- .4 . g 4 | §uq (Counter Tuaél 4 Fasdsaglunous 1 15 3
LYLAINE W LW@LLm‘U‘ﬁ@M )
° A oy v 5 | Suq (@uiumds 4 gaundsaglunmus 1 15 3
U'ﬁ\ﬂuﬁﬁuﬁ/ﬁ‘niﬂiﬂm'ﬂﬂ 2isi)
61-80 High IMIBRULALY YaU %38 § |mwmdmerien | % (R 2 g e
; mudu
Waeu © 7 | Buq(weeA LED @ q uni i 10 2
a o o UE A19)
81-100 Very hlgh Wagunum %’ 8 | shundsfimeniuan 4 goundangluinnus 1 10 2
= =
= 9 q Furdoglunmsi 1 10 z
e 10 [ uni 2 10 2
5. n3adANGn

¥
av

AT ilainaae wuIneNITUTEEuAIAIY
deosvesSiadtestuiiaueiuiiadeiln Microprocessor
Wity fleaninmis avla. Sunuiiesdeudiadiosiy
fanuaduiiadeinily 2-3 Idanih lasidendiad
Jostuiifndsluanidlnidosunusii 2 Aadelden
a3 20 U 91wau 5 90 wazanillnigesuyusiil 3
Andialdanuauds 9 U $1uau 5 9n s3UU 115 Kv/22 kv
TaviaAY 10 90
5.1 uansUszidiy Health score Siaddasiunsaifinen

HAN1IATIVABUANINN1UBNAILAIEAIVDITLAY
Josffutita 10 ya vesandluidesunusi 2 uaz
Unusndl 3 ldnanisusedudadini 3 #1 aandeya

UseIRnsynauessiadUasiumunisned 13

o
v

ndnlanansuuunsUszdiugad iaduiiva 3 i
mumﬁ&ﬁl 13 Wa7 981NN Performance score 984
Jindostuudazyn lnonasliiminudasfadianiu
auns7 (4) leuasiuazsuuu Performance fan1519l 14

drunan1suseiiunziuue1en1sldeuvesiiad

a

Ueaiuviln Microprocessor 114 10 ¥a 2Us2LduaN

o
a o

F1uUTNRAAITU wanaldranis1en 15

M1919% 14 @ajUnanzuu Performance v835taddoaniu

b=t
NIUANYN
%iad | MiSadvisd b il fhifaduiidaf 3 | performance
weft | Asuuu | % uwiln | Aswuu | % wiin | Aswuu | % wwin (%)
o |1 4 15 1 15 3 70 89.50
A a 15 15 3 70 89.50
E- 3 4 15 15 3 70 89.50
"E 4 [ 15 15 3 70 89.50
L 4 15 15 3 70 89.50
o | 6 4 15 2 15 2 70 73.67
7 a 15 2 15 2 70 73.67
g- 8 4 15 1 15 2 70 66.17
"E 9 4 15 15 2 70 66.17
® | ip 4 15 2 15 2 70 73.67

A19199 15 nanzuuuegldnuuavestiaddoniu (Age)

T P
2iad | szezaandiinnsinnld

ﬁﬁl'ﬁl a1 (W) ATHUU

20
20
20
20
20

aniunusnil 2

b =T VL I I = R SR

aniiunusiil 3
0 o
O O w0 Nel el
oo [oo [0 (0o |00 [ [ [ | |

—
=]

&N laNaAzRUNNITUITIUANTTOUL N9
¥9951a8 (Performance) AMUA51991 14 WazHANIS
UszifluazuuueignsltauvessiadUesiumumsned
15 s yhnsmaziuy Health score vassiagdaafiuug
azan lnnsbihminusazidindvinuaunisi (1)
wazaru1saasUidunasiunziu Health score leid

AN 16
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A1999 16 HATIATLULYDINITUTELUAIAZILULL Health score

Siad Performance Age Health Score

qﬁﬁ azuuy | % twiln | asuwu | 9% dowiln (%)
o~ | 1] 285 85 3 15 80.58
2 | 28 85 3 15 80.58
g’ 3 | 285 85 3 15 80.58
’§ a 285 85 3 15 80.58
“ | 5 | 28 85 3 15 80.58
w | 6 | 230 85 8 15 74.62
B 7| 230 85 8 15 74.62
g’ & | 215 85 g 15 68.24
’§ 9 2.15 85 8 15 68.24
0 i0 | 230 85 g 15 74.62

5.2 pan1sUsziiuAdngnuasatadtasiunsdifine

n1susziiuAingauessiaddasiulagld Criticality

1%
v

score USeNaunlufldin 4 ¢ Aa

v
(Y v v a

fATasuilig 1 anudiAyvessiadtasiug
Anssnannilgos (Substation tier)

v
v A v

MITINAVUAIN 2 2995U8490U (Scheme) bRNATY

(Y

g8 (Bus configuration)

(Load importance

score ARSI 18

anniiunusnii 2 | 2 | S

115 kv /22 kv 3

anniiunusnil 3
115 kV /22 kv

Double bus single

NS NTNLARAZ AT IAMNALNITA (5) WaraIuIsa

asUnaTINAzuuY Criticality score lanunnsneit 19

5.3 wan15Usiiiuanuidesvassadtasnunsalfnen

215U Risk index 91nATvBrAIIADS d Taeld
sydigunmuazaringaiiuszdiuléanniis 2 a1l anu
aunsil (6) azldnamsUszifiuAnnuidssvesiiadiieg
Tuaanillwigosmunmsnsd 20

Tnosziuanudsavosiiaddeatuiie 2 aond du
Tngfisziuanuidsa High snifuiiadUesiuyad 4 vos
an1lunusndl 2 flszduanandes Moderate uazAanssu
thgednuniiuugthdmiviagtostusie 2 aonil susedu
audssannsoglianamsed 12

M1519% 18 nauseiium¥inauiing 4 77 ves Criticality score

breaker (GIS)

- [T Argindwinan 2 At iRAudAN A TnRudaaf
Siatl
Y a P & @ mﬁ Substation | Azuuw Scheme ALY Bus ATUUY Load AZLUY
ﬂu@ﬂii%u@'?;lﬂﬂim%ﬂa 8{18\1 ﬂu N Tier Configuration importance
o \ 1| 115/22 kv 2 Overcurrent | 6 Main and 2 4l 3
Ay v au a o (Y] a v a < -
A inauliig 3 anwuen1sdnsesUaluaani ey tranier EALIE
2 115/22 kY 2 Transformer 8 Iiain and 2 :E"L“'ﬂ‘d 3
Difference transfer niad
o~
= Relay
=
v Jo o Au o W I ML MrL 2| 3 | us2w| 2 Distance 7 Main and 2 aldlyl 3
AIINATUAIN 4 AduEIAyYRIlann Lyl z ity ransfer
] A = lay 15f AL e
=
2| 4 | us22kv | 2 |Autoreclosing| 5 Main and 2 gl 3
) Relzay transfer lmding
5 | 11522k | 2 Bus 2 Main and 2 gl 3
3 > = f‘ﬂ Y S Differentia transfer amisiag
NNITETIVVDYANNYUDINY 10 YAVDINTUANYT HierEntia, ‘ &
Relay
= s o v o Y] 61 o 4'
6 | 115/22kv | 2 | Transformer | 8 Double b 3 Hldlw 3
mil,aaLmawmmmumﬁadﬂuaﬂﬂimmm PRI NN 17 i S g
9 il Difference single wading
¥ v
v A v Ay v oA o Y " . Relay breaker (GIS)
QJ‘,L v
LAz lANaN1SUITELUUMIVINATUNG 4 A7 Ye4 Criticality T TR | 8 (Bt B | botions | 5 | R | 3
relay single walo
© breaker (GIS)
2 | & [ 1152200 | 2 |pistanceRelsy] 7 | Doublebus | 3 Al 3
g’ single wadia
= o w da ¢ o e ° v A o = bresker (GIS)
M99 17 aﬂﬂimma&mmaﬂmﬂummﬂimﬂﬂmwmmmﬂmﬂu = - %
9 9 115/22 kv Z Autoreclosing 5 Double bus 3 ::L*'.ﬂ‘r‘l 3
amiflulin YA wiinFiad punsaltadiminntasiu Relay single wmnidio
1 nsgmaiiu Overcurrent relay (50/51) Incoming line 115 kY breaker (GIS)
- - 8 0 10 | 115/22 kv 2 Overcurrent | 6 Double bus 3 gl 3
(Transformer Difference Relay (87T)) vawlaanmag -
relay single LUALIEY
74 Distance relay (21) Qutgoing line 115 kv breaker (GIS)
Main and transfer | 4 [Siadlndsiuia Autoreclosing Relay (79) Outgoing line 115 kv
c i Relay (R7R) Main E a . . o« o
5 _|iadkiamma Bus Differential Relay (876) Ven b A15197 19 asunamzuwuu Criticality score vastiadUaaiu
6 #"4 Transformer Difference Relay (87T) milpwilaaiids R TR B B £ R PR CORTE . TR
- . | ATIAATUALY 1 | AT danuiinom 2 | a1T7aalaai 3 | A Tnatlaai 4 | Criticality
I W Overcurrent relay (50/51) Incoming line 115 kY g ) o | ¥ o
o | AzUUY (% UNWTin| ATUUL (% UIWMTIN| AZIWY | % WD Asuu % Uividn|  Score
8 14 Distance relay (21) Outgoing line 115 kY un 9
(%)
9 itoreclosing Relay (79) ne 115 kv o 1 2 25 ] 25 2 25 3 25 68.75
= n
10 vercurrent relay (51GB) wilowlaaiida % < 2 & 8 2 2 25 3 % ™3
g’ 3 2 25 7 25 2 25 3 25 71.53
s 2 25 5 25 2 25 3 25 65.97
o o L2 2 25 ] 25 2 25 3 25 77.08
[ '/L o/ o o a v Advu o A v g e
NAIPINEANAAL LUUNITUTLLUMITINATUNG 4 A7 =L 6| 2 - Ll Ll 2 et 3 ] 82.64
= aiE 2 25 6 25 3 25 3 25 77.08
v o { oy . = s g ! o [T N = = 2 3
a3 N1N1911A7 Criticality score “ZJEN'ﬁLaEJﬁjENﬂULLG]ag‘QG] El8] 2 = i = g = = = AEe
§ 9 2 25 5 75 3 25 3 25 74.31
b 10 z 25 ] 75 3 25 % 25 77.08
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A1519% 20 waUseuliu Risk index (Syeiy d) va9sLadnsaianw)

Sl Health Score Criticality Score P a
- szez d STAUATTULELS
gaf % %
w~ |1 80.58 68.75 60.07
- E 80.58 7431 64.58 |
%’ 3 80.58 71.53 62.33
Tl e 80.58 6597 57.83
| s 80.58 77.08 66.85
« | 6 74.62 82.64 72.69 I I
7l 74.62 77.08 68.24
%’ g 68.24 79.86 72.27
e £8.24 7431 67.95
“ | 10 74.62 77.08 68.24

6. M3dAUTIUNA

nuan1sUsziduA1Adsessiad destuves
anflwilges 2 anndl aruuuanisfidaueiioly
wanzaufudeyanisigesneii na. Snrsdudinli Tu
druusnfe nsUszifivaniniiaddasiudeUsenaudie
aussouzMeThuLazergnslinuny Siadfdaded
an1ilwihgesuyusnil 2 fidn Health score gendnanndl
Inihgesunusiil 3 udinasdiongnisldauuinnings
LARINUAITIT 16 Li§8997n Performance score fina
soguamvesiadinnnitenynisldaiu de Performance
score axlvtviiniu MTBF snnilgniia 70 % feuandly
A3 13 uaza15197 14 Tudiudiaesie nsussiue
Angadunisiiansansunansgnuniniaddadeadios
s Tnoliieatostuanindiad dauilagle
AudIFyiuAuAuAInenisandulatigesnyisad
wasliimdnfuiiesedildusvdiumig fu aannanis
Uspifiuid¥aluns1edl 18 nud1 anluihgesuyusil
3 anwagnsintseavaluaniilgey (Bus configuration)
WJuluu Double bus single breaker FawansliAiui
aniileliflFsulnandifanuddannninaniflni
goeuvuenll 2 F9ilH Criticality score lngsiuvasanndl
Iniihgeeunusii 3 dargandraandlnihdesunusii 2
wenaniluduwesnslihminaudsuaudifyves
Tnanfisneudefldlnvosauitediunaziuuniu
Usztangfldlal Famnansnsamdeyalvangldlniiuriass
vounaritagtesiufagdrelinanisussifiufinaiu
wilugndetuy

pgalsfmunsimunaziuy uavimdnuesdade
#199 YaauumeMUszifiuanudssvessiadtesiuly

suAdeidldannisnuniuunaauideiiisades
Uszaunisalvesiifnrvauasiinnuduiiaviseinm
Swddestu uazdoyail nwn. fmafAvdudin dsluounan
anunsnUFuasiuuvFemindademanildmnnis nun,
fnsnageusiey dwduiiaduintu Snstufindeyai

avLdenIU UIadinisaluwmaluladsadtaanu

7. asunanisAnen
n1stsesnusiaddesiundansauaniidlnfinges

o
s

999 NN, FILF1WIWADIRUIN DNakAazanItgalsiad

v v

AR TIUIULINAY uonnisaddesiuusariad
femuansirefuluiesvesergnislday wiavesiiad
wialulad Ju waganinwingaulun1syineu danalv
guninvassiadUasduunsaziiuanenaiu uonani
audfyvesaTuiegUnsaifitesiu uazauddny
yaslyanfuananafuiig nsUgednuinumnse e
fuagifu shlitiadursialéfunistigednuiiuay
$19u luvarisiadursilifunsiigesnurdesiiuly
yliAnnsamuitlsidu dufunsdarunuiigsdnm
wnddosiuiiinsfinnsunisguninuasanainganes
3iddostiu szdwandldinelunisiigednwilisuiy
10 Fauwmnsnsuszifiumnudewesiaddesiui
thiauelunuitedldinnhdanmrtequamuesiiad
Josfu uazmansznuiiazifntumnTiaginaudatesn
Usgnoumsuszifiuanandewesiiaddesiulnonisunu
feszerAnuLdes d Ssazvilvsiadudasiaiiszes d 7
uaneneiu Aanssumsthssinuinugdilidndunsies
uAnEIAuFERIn1197 20 wa 12 nadnslddannse
ihldldusgnaumsdndulalunisdndiduingesnwsiad

YJoaduniidruiuninld Feazdamaliinnisasmundguan

q

wazANUtetalavasszuulninfvy

AnAnssuUsznA

(%

(IFgverounns AMITEYNS TIAg vthununiad 2
nosgunsnilosiuariiag deungasnwaniilniuas

s

szuuliih nula. Aliaueweseideyatieinutiad

wagliduinumdudslevilunsiideasail aavinel

AugITevevaUANUMIINgIdumalulagsnvuenag
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